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PREFACE 

National Conference on Management, Technology & Innovation in the VUCA World 

“Role in Value Creation” was held on 23
rd

 March 2019 by the Department of 

Management studies, New Horizon College of Engineering in association with 

Association of Indian Management Schools and MTC Global. 

The key note speeches were delivered by noted business exponents who have rich 

knowledge and experience in their field of expertise. The crux of the event revolved 

around the concept of management and technology, adaptability to changing business 

environment and openness to embrace the dynamic business environment that 

incorporates new technology in its business practices. The conference also 

emphasized on VUCA (Volatility, Uncertainity, Complexity and Ambiguity) which is 

a challenge today ahead of all the corporate. 

One of the primary objective of the conference was based on VUCA (Volatility, 

Uncertainty, Complexity, and Ambiguity) conflates four distinct types of challenges 

that demand four distinct types of responses. It also highlighted the need to be 

independent, adopt to change, the evolution on creativity and innovation over 

successive years, the necessity of VUCA had to be given utmost importance in the 

present business scenario. 

The two day National Conference had about 100 participants from 30 colleges and 61 

research papers spanning over 6 states. The current proceedings comprise written 

contributions of the presentations during the conference and was reviewed using 

double blind peer review process. We would like to thank all participants for their 

contributions to the Conference program and for their contributions to these 

Proceedings. We are looking forward to the International Conference on Innovative 

Research in Engineering, Management and Sciences that will be held in Dec 2019. 
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Abstract: 

Throughout the past decades we find numerous terms in the popular business press 

and academic literature that refer to an increasing inability to grasp the world and 

deal with the things happening around us. Examples include uncertainty, 

turbulence, rapid change, dynamism, disruption, complexity, hyper-competition, 

high-velocity markets and flux.For a couple of years, the notion of "VUCA" 

is gaining popularity as a term to cover the various dimensions of this 

‘uncontrollable’ environment. In various posts and articles, we read, about a 

"VUCA World" and what does being and leading in a VUCA world really mean? 

This paper study impact of VUCA on banking industries, the changes the banking 

industry is undergoing to sustain and grow in the VUCA world. 

Key words: VUCA, uncontrollable environment, banking industry etc. 

Introduction: 

VUCA, which stands for volatility, uncertainty, complexity and 

ambiguity, was originally a military term coined by the US at the end of the Cold 

War. Today it has metamorphosed into a description of the current global 
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economic situation in which countries and organizations find themselves.VUCA 

has become a framework within which several emerging ideas of strategic 

leadership have surfaced. It describes the state of business, political, societal and 

ecological world. The world is experiencing a crazy spin of events because too 

many uncertainties have plagued in. Most organizations exist by adapting to 

complexities and by behaving flexible because they operate in multiple countries. 

We are seeing new trends in organizational structures seemingly evolving as fast 

as they can.Multinationals need to fight tough competition given by local players. 

Developing economies neither are behind the developed ones, nor show signs of 

competing with them. Emerging markets are different; they appear backward in 

some ways and advanced in others. 

VUCA is an acronym. It stands for Volatile, Uncertain, Complex and Ambiguous. 

Volatility - Volatility refers to the speed of change in an industry, market 

or the world in general. It is associated with fluctuations in demand, turbulence 

and short time to markets and it is well-documented in the literature on industry 

dynamism. The more volatile the world is, the more and faster things change. 

Uncertainty - Uncertainty refers to the extent to which we can confidently 

predict the future. Part of uncertainty is perceived and associated with people’s 

inability to understand what is going on. Uncertainty, though, is also a more 

objective characteristic of an environment. Truly uncertain environments are those 

that don’t allow any prediction, also not on a statistical basis. The more uncertain 

the world is, the harder it is to predict. 

Complexity - Complexity refers to the number of factors that we need to 

take into account, their variety and the relationships between them. The more 

factors, the greater their variety and the more they are interconnected, the more 

complex an environment is. Under high complexity, it is impossible to fully 

analyze the environment and come to rational conclusions. The more complex the 

world is, the harder it is to analyze. 

Ambiguity - Ambiguity refers to a lack of clarity about how to interpret 

something. A situation is ambiguous, for example, when information is 
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incomplete, contradicting or too inaccurate to draw clear conclusions. More 

generally it refers to fuzziness and vagueness in ideas and terminology. The more 

ambiguous the world is, the harder it is to interpret. 

In practice, the four terms are related. The more complex and volatile an 

industry is, for example, the harder to predict and therefore more uncertain it will 

be. Yet, all four represent distinct elements that make our environment - the world, 

a market, an industry - harder to grasp and control. 

There are five current inter-related mega-trends that contribute to 

considerable uncertainty in policy formulation, if not implementation. These are: 

geopolitics, climate change, technology, unconventional monetary 

policy/regulation and creative destruction. 

The mainstream macro-economic theory, on which orthodox economic 

policies are formulated, have completely ignored many of these mega-trends or at 

least have assumed that these remain stable. It is therefore not surprising that 

conventional macro-economic theory, which ignored (or at least assumed away) 

the rise of the financial sector through leverage, growing social inequality, climate 

change, demographics, dramatic shift in technology and cumulative radical 

uncertainty, have not been helpful in predicting the global financial crisis, let alone 

help provide viable solutions.  

Former Fed Chairman Ben Bernanke, also a distinguished economist, showed 

great confidence in economics: Economics is a highly sophisticated field of 

thought that is superb explaining to policymakers precisely why the choices they 

made in the past were wrong.  

The first radical uncertainty facing central bankers is geopolitics, because 

we have entered into a new phase of geopolitical rivalry of grave uncertainty, of 

which Brexit and the Turkish failed coup are events or signals that indicate that the 

global order as we know it for the last 50 years is changing. The underlying trend 

in geopolitics is the irreversible shift from a unipolar world to a multipolar world 

where there is almost no consensus on what to do with emerging global 
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challenges, such as terrorism and territorial conflicts and no single power is strong 

enough to impose order. Power has shifted to both new states and non-state players 

where borders written during the colonial era are rapidly disappearing.  

Until recently, mainstream macro modeling basically ignored global warming as 

an important factor in projections, until ecological scientists warned that continued 

carbon emission is changing our climate. Advanced countries’ central bankers had 

the hubris to claim the period of strong growth and low inflation, the Great 

Moderation, was due mostly to their "excellent" central bank skills. With all due 

respect, the low inflation was mostly due to the combination of improvements in 

global productivity, increased supply of consumer goods from emerging markets 

and moderation in food prices arising from improved harvests, following good 

weather with fewer natural disasters.  

We do not need ecological scientists to warn us that we are already feeling the 

impact of global warming, as evidenced by the unpredictable scale of recent 

storms and droughts.The risks of climate change disturbing the delicate food 

security balance and sparking off inflation in emerging markets before spreading 

rapidly to advanced markets are not zero. Inflation is normally a monetary 

phenomenon, but central bankers have created the conditions whereby inflation 

will return not incrementally, but drastically due to a climate change event. This is 

a scenario that emerging market central bankers cannot ignore, even though G4 

economies do not suffer any immediate inflation threat due to excess savings 

outside G4.  

Thirdly, unconventional monetary policy has already breached the theoretical 

boundaries of negative interest rates, where no one, least of all the central bankers 

that are pushing on "a piece of string", fully appreciate how negative interest rates 

is destroying the business model of finance, from banks to assetmanagers. 

Negative real interest rates reward borrowers and impose a financial repression tax 

on savers, thus widening the prevailing income and wealth inequalities.  

Fourthly, income and wealth inequality is certainly increasing everywhere, as the 

work of Thomas Piketty has vividly demonstrated. It is the sense of insecurity of 
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the middle and working classes that they are disengaged, marginalized and the fear 

that they will lose jobs to immigration and technology, become impoverished by 

expensive health care and inadequate retirement benefits, that makes they turn to 

extremist politicians and religious radicals for comfort and solutions. Polarization 

breeds social unrest that kills the context of stability for growth. Managing social 

inequalities to counter-balance the propensity for modern capitalism to concentrate 

economic and political power in the hands of small elite is necessary in the modern 

age. No country has as yet a good solution, but the alternative is revolution or 

collapse of the social compact.  

Fifthly, technology and its spread throughout the world through the Internet, has 

brought wondrous opportunities and new inventions like bio-technology, artificial 

intelligence, virtual reality and robotics. Science and technology thrust less than 50 

million people in Europe and America into the first industrial revolution in the 

19th century8. In the 21st century, more than 1 billion people in the emerging 

markets, of which 250 million from Indonesia, are entering the middle-class with 

access to global science and technology. In my view, the next Industrial 

Revolution will be driven concomitantly by new inventions and discoveries in the 

developing countries. As Bapak Habibie has eloquently expounded, emerging 

markets like Indonesia can leapfrog the problems of the Middle-Income Trap 

through new technologies, but that requires new governance mindsets and new 

development models. Of course, technology is not without its risks, in areas such 

as loss of jobs, genetic accidents, cyber-attacks or techno-terrorism. Technology 

disrupts traditional industries, and those disappearing industries will lead to lost 

jobs, large non-performing loans and assets that will lose value. Creative 

destruction impacts on central banks because they need to provide liquidity to 

finance the transition.  

There is a uniform call for fiscal stimulus, but there is also caution due to a 

growing debt overhang and also voices calling for fiscal austerity. Even though 

there is considerable pressure on cooperative efforts to increase investments in 

infrastructure as a way to increase global aggregate demand. 
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Challenges of Central Banking under VUCA 

First and foremost, if you cut through the details of monetary and stability 

objectives, central banks basically help the market players make better-informed 

decisions by reducing uncertainty from the market environment.  It is not the 

technical tools that we should be considering as a matter of priority, but the 

process of discovery under uncertainty, experimentation, communication and 

coordination of adaptation to new and challenging conditions.  

Best Fit, not Best Practice  

The first issue to consider in "following the leaders” is to accept that they are 

themselves in trouble, and their tools may be very different from ours. This is why 

we need to switch from “best practice” to “best fit”. The complexities of Basel III 

fit very advanced, complex banking systems. Emerging market banking conditions 

fit Basel III in terms of broad principles, but the priorities of implementation of 

complex issues are clearly different, because the costs of imposing very complex 

and costly rules and processes on relatively simple banks are quite high. Moreover, 

quantitative easing tools are available to reserve currency economies, but not to 

emerging market central banks, because that would lead quite quickly either to 

higher inflation or pressure on the exchange rate. Emerging market economies are 

both price takers and rule takers, not yet price or rule makers.  

Focus on the Real Economy, not just Finance  

The second mistake that advanced country central banks made was to focus on 

their immediate targets (price stability) without paying enough attention to what 

the real economy was doing, especially arising from disruptive technology, 

concentrations from oligopolistic behaviour, social inequities etc. Indeed, 

following the advanced country banking model to minimize risks by only lending 

to large corporations and mortgages deprived lending to SMEs and also 

encouraged real estate bubbles and speculative activities.  

Central bankers at all levels must be trained to understand that their job is not just 

to focus on finance, but on how the system as a whole is working or not. Finance is 
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only sustainable if the real economy is healthy and broadly balanced, not if finance 

wins at the expense of the real economy. Central bankers need to understand how 

the real economy works, the complex inter-relationships between supply chains of 

production, logistics, distribution and interaction between the retail and powerful 

oligopolistic producers. Because central bankers understand finance better, they 

can examine these relationships more objectively and can give valuable input to 

fellow regulators, ministry of finance, national planners and even local 

governments.  

No country can be an island – globalization will continue because it benefits 

everyone. But we need to manage the downsides of globalization better. What this 

means is that the modern central banker needs to move away from specialist 

“silos” to become more system-wide thinkers and doers. This implies that we have 

to go back to basics and will have to work with many different players in the 

economy to understand how the system works. In this complex, inter-connected 

and inter-dependent world, the central bank is a team player and partner in 

development. Central banks cannot be a silo that is independent from the others.  

Communicate before Cooperation/Empowerment  

By being system-thinkers and player, the central bank needs to build trust and 

partnership with its stakeholders.If there was one thing that central bankers learnt 

from taking center stage and the onerous burden of independence, it was about 

communications. As Ben Bernanke and other G4 central bankers realized, central 

bank powers are delegated and can easily be taken away or compromised 

politically. Hence, central bank autonomy rests on credibility, professionalism and 

integrity, all of which require very delicate communications with the stakeholders, 

namely, the public, the legislature, media and the government.  

When the central bank was accountable to the minister of finance, the minister 

answered to the legislature for all policy decisions. But when independence was 

given to the central bank to undertake the narrow area of monetary policy, the 

central bank became answerable in many ways to the legislature, which make the 

burden of transparency even more complicated than ever.  
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As G4 central bankers discovered, explaining technical subjects like monetary 

policy to experts and professionals is difficult enough, explaining this to 

politicians and the public in terms that they can understand is even more difficult. 

Former Fed Chairman Ben Bernanke put it as follows in his new book: “Rapidly 

changing communications technologies – first, twenty-four-hour cable television, 

then blogs and Twitter- seemed not only to have intensified the scrutiny but also to 

have favored the strident and uninformed over the calm and reasonable, the 

personal attack over the thoughtful analysis.” 

Furthermore, increasingly, the top central bank leaders will have to engage the 

public through more speeches and town-hall type engagements to provide two-way 

feedback – an explanation of what central banks do for the public and to listen to 

their views on what is happening at the grass-root level. Such 2-way 

communication is important to dispel misperceptions that the central bank operates 

in an ivory tower. It will also minimise the risk of central bank policies generating 

unintended consequences while also building better public buy-in of its policies.  

Conclusion 

Man created institutions to deal with uncertainties; and the central bank is exactly 

such an institution. There are no fixed formulae for fighting crises or sudden shifts 

in the environment, but there are processes which can be put in place with the 

people who are trained and have shared values and outlooks.  

But just having an effective central bank is not enough. In this complex 

environment of systemic shocks, working with different stakeholders is a pre-

condition of policy effectiveness. Emerging market central bankers should learn 

the common lesson from advanced market unconventional monetary policies – it is 

easier to become the “only game in town” than to exit such liquidity traps. 

Furthermore, any mistakes can easily lead central bankers to become the “only 

scapegoat in town.” Systemic problems need systemic solutions – no silver bullets, 

simply hard work cooperating together.  
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At the geo-political level, given the huge uncertainties from geo-political tensions, 

especially in the Middle East, it is important to forge closer cooperation within the 

East, South and South-east Asian economies – still the fastest growing region in 

the world – to enable our own growth to develop, in an environment of peace. 

Without growth, there are no resources to deal with income and social inequities at 

the sector and geographical levels. And growth cannot be achieved in a state of 

constant social unrest from global warming or man-made conflicts.  

In sum, central bankers as the constant gardener or steward of monetary and 

financial stability, with old tools and new high-tech tools. But the objective of 

managing an environment of price, monetary and financial stability and working 

continually to get rid of weeds, provide liquidity and growing talent, whilst 

strengthening the conditions for development, needs stamina, professionalism and 

will power.  
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ABSTRACT 

 

Metal matrix composites have received considerable attention due to their excellent engineering properties. 

These materials are difficult to machine because of their hardness and abrasive nature of reinforcement 

particles. This paper presents experimental work from a series of turning tests in which carbide tool and 

polycrystalline diamond (PCD) tools were used to machine E-glass and tungsten carbide reinforced Al-7075 

hybrid composite. The influence of machine parameters e.g., cutting speed, feed, and depth of cut on the 

surface roughness, cutting forces, tool wear and tool life were investigated.  In the present study, an attempt 

has been made to investigate the influence of cutting speed, depth of cut, and feed rate on surface roughness 

during machining of 7075 Al alloy and 4% tungsten carbide and E-glass reinforced particulate metal-matrix 

composites. The experiments were conducted on a CNC Turning Machine using tungsten carbide and 

polycrystalline diamond (PCD) inserts.  

Keywords : Composite, Fly ash, Al - 2024, Wear, Hardness, Tensile, Microstructure. 

 

I. INTRODUCTION AND LITERATURE REVIEW 

 

Metal matrix composites are formed by combination 

of metal matrix and stiff and hard reinforcing phase. 

These materials are difficult to machine because of 

their hardness and abrasive nature of reinforced 

particles.In the last decades, WC/Al composites have 

been increasingly used in the aerospace industry and 

advanced arm systems such as satellite bearing, 

inertia navigation system, and laser reflector. 

Particulate metal-matrix composites (PMMCs) are 

most commonly manufactured by a stir-casting 

technique or powder metallurgy technique [1]. Stir 

casting is the simplest and the most commercial 

technique. The development of MMCs by stir-casting 

technology has been one of the unique and feasible 

processes because of producing better matrix– 

particle bonding, easier control of matrix structure, 

simplicity, higher production rate, and low cost [2]. 

It involves stirring the melt along with solid silicon 

carbide particles and then allowing the mixture to 

solidify. Due to the addition of reinforcing materials, 

which are normally harder and stiffer than matrix, 

machining becomes significantly more difficult than 

those of conventional materials [3]. 

 

LM 25 aluminum alloy reinforced with green bonded 

silicon carbide particles of size 25 µm with different 

volume fractions was used for experimentation. The 

machining experiments were conducted on the lathe 

using tungsten carbide tool inserts (K10). It was 

concluded that feed rate has the greater influence on 

surface roughness, followed by cutting speed and 

percent volume fraction of WC [4]. Investigation on 

the wear of polycrystalline diamond (PCD) and 

polycrystalline cubic boron nitride (PCBN) tools in 

the machining of Al-WC MMC (9.27 Si, 0.15 Fe, 0.55 

Mg, Al balance) 5% volume WC, particle size 12.8 

http://ijsrcseit.com/
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µm was carried out by turning. The binder less PCBN 

tools showed the highest fracture resistance. PCD 

tool exhibited higher wear resistance than PCBN 

tools and lower propensity for work material 

adhesion. During machining with PCBN tools 

without coolant, the severity of transfer material on 

the tools increased significantly with cutting speed. 

The adhesion property of the tool and the work 

material, apart from the tool wear, appeared to have 

a major influence on the surface finish [5]. 

 

LM6 Mg15 WC-Al-metal matrix composite, as casted 

with average particle size 23 µm, was used as 

composite material. Different sets of experiments 

were performed on a combination turret lathe. 

Uncoated tungsten carbide (WC; HW-K10) insert 

was used for turning. Results indicated that cutting 

speed, feed rate, and depth of cut are having equal 

influence on the surface roughness characteristics, 

i.e., Ra and Rt. High speed, low feed rate, and low 

depth of cut was recommended for achieving better 

surface finish during turning of Al/WC-MMC using 

tungsten carbide insert [6]. 

 

Rods of Al Si 7 Mg2 material reinforced with 5, 10, 

and 15 wt.% of WC of particle size 30–60 µm were 

produced, 90 mm in diameter and 150 mm in 

lengthInfluence of feed rate was not as effective as 

cutting speed on tool wear, but as the feed rate 

increased, the wear of cutting tool also increased. In 

turning of AlSi7Mg2-MMC samples, surface quality 

improved when cutting speed decreased. Surface 

roughness increased due to increasing feed. It was 

found that increase in particle ratio affects roughness 

negatively [7]. 

 

An experimental investigation was conducted on the 

machinability of fabricated aluminum metal matrix 

composite LM-25 (A356/WC/10p) during continuous 

turning of composite rods using medium grade 

polycrystalline diamond (PCD 1500) inserts. Cutting 

conditions and parameters such as surface roughness, 

specific power consumed, and tool wear were 

measured. The steady low values of Ra and Rz at a 

cutting speed of 400 m/min over the entire tool life 

span makes high speed finishing of MMC possible [8]. 

Work dealt with the surface integrity of machined 

Al 4% WC PMMCs. Dry high-speed turning tests at 

different cutting speeds, feed rates, and depths of cut 

were conducted in order to investigate their effect on 

the surface quality and the extent of the sub-surface 

damage due to machining. The cutting tests were 

carried out using PCD tools. It was found that 

machining of this type of composite is most 

economical and safe at a speed of 894 m/min, a depth 

of cut of 1.5 mm, and feed rates as high as 0.45 

mm/rev, when the surface roughness (Rmax) did not 

exceed 2.5 μm [9]. 

 

In this study, A356 homogenized 5 wt.% WC 

(average particle size 24 μm) aluminum MMC 

material was selected for an experimental 

investigation of tool wear and surface roughness. 

Two types of K10 cutting tool (uncoated and TiN-

coated) were used at different cutting speeds (50, 100, 

and 150 m/min), feed rates (0.1, 0.2, and 0.3 mm/rev), 

and depths of cut (0.5, 1.0, and 1.5 mm). In dry 

turning condition, tool wear was mainly affected by 

cutting speed. It decreased tool wear and provided 

smoother surface finish. Homogenized heat 

treatment affected material adversely, it increased 

tool wear and surface roughness [10]. 

 

From the available literature on particulate metal-

matrix composites, it is clear that the morphology, 

distribution and volume fraction of the 

reinforcement phase, as well as the matrix properties 

are the factors that affect the overall cutting process. 

So far no work has been reported about the 

machining of 7075 Al alloy and 4 wt.% WC and E-

Glass composite using tungsten carbide and PCD 

inserts to assess surface roughness and tool wear. 

 

The cost of PCD tools increase the cost of production 

so it is necessary to carry out basic machinability 

studies in order to find cutting conditions using 

tungsten carbide tools, which can result in high 

productivity at low cost. In the present work, 

https://www.researchgate.net/publication/248324938_Evaluation_of_machining_performance_of_MMC_with_PCBN_and_PCD_tools?el=1_x_8&enrichId=rgreq-df08e75a88a76183e081e31d8667595e-XXX&enrichSource=Y292ZXJQYWdlOzIyNTc5ODgwNztBUzoyMDI0MTkwMDM3NjA2NDNAMTQyNTI3MTg1OTM5Mg==
https://www.researchgate.net/publication/225129093_Influence_of_machining_parameters_on_the_machinability_of_particulate_reinforced_AlSiC-MMC?el=1_x_8&enrichId=rgreq-df08e75a88a76183e081e31d8667595e-XXX&enrichSource=Y292ZXJQYWdlOzIyNTc5ODgwNztBUzoyMDI0MTkwMDM3NjA2NDNAMTQyNTI3MTg1OTM5Mg==
https://www.researchgate.net/publication/222599651_Investigation_of_mechanical_and_machinability_properties_of_SiC_particle_reinforced_Al-MMC?el=1_x_8&enrichId=rgreq-df08e75a88a76183e081e31d8667595e-XXX&enrichSource=Y292ZXJQYWdlOzIyNTc5ODgwNztBUzoyMDI0MTkwMDM3NjA2NDNAMTQyNTI3MTg1OTM5Mg==
https://www.researchgate.net/publication/223498778_Machining_of_AlSiC_particulate_metal_matrix_composites_Part_II_Workpiece_surface_integrity?el=1_x_8&enrichId=rgreq-df08e75a88a76183e081e31d8667595e-XXX&enrichSource=Y292ZXJQYWdlOzIyNTc5ODgwNztBUzoyMDI0MTkwMDM3NjA2NDNAMTQyNTI3MTg1OTM5Mg==
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optimum values of cutting speed, feed rate, and 

depth of cut have been found out to attain minimum 

surface roughness during the turning of 7075 Al alloy 

with 4 wt.% WC and E-glass composite using 

tungsten carbide inserts and PCD inserts. Wear of 

tungsten carbide and PCD inserts have been found 

out and the causes of wear have been analyzed. 

II. Experimental Setup 

Stir casting process was used to fabricate the 7075 Al 

alloy and 4 wt.% WC and E-glass composites. Figure 

1shows the microstructure of the cast Al alloy and 

WC and E-glass composite before the machining 

operation was performed. 

 

The experiments were performed on 7075 Al alloy 

and composites. The diameter and length of the 

workpiece material are 27 and 100 mm, 

respectively.Details of inserts and tool holders are 

given in Table 1. 

 

Table 1: Cutting tools used in experiment 

 

 

 

 

 

 

 

 

 

100µm  100X                          100µm  100X 

 

Fig. 1. a, b Microstructure of 7075 aluminum alloy and reinforced composite 

 

CNC Turning Machine (Model TC 20) was used for experiments. The machine parameters are given in Table 

2. 

TABLE 2.CNC TURNING MACHINE PARAMETERS 

Parameter Specifications 

Distance between centers 575mm 

Swing over telescopic cover 500mm 

Spindle speed range 40–4,000rpm 

Turning 

tool 

Holder Type of insert 

Clearance 

angle 

(degree) 

Back rake 

angle 

(degree) 

Nose 

radius 

(r; mm) 

Feed 

(f; mm/rev) 

Depth of 

cut (mm) 

PCLNL 

2525 

M12 KT 

809 

Carbide insert 

CNMG 

120408EM grade 

6630 0° 7° 0.8 

fmin=0.15; 

fmax=0.60 

apmin=1.0; 

apmax=6.0 

SVJBL 2525 

M16 

WIDAX 

PCD Insert VCMW 

160404 FN 7° 0° 0.4 

fmin=0.10; 

fmax=0.14 

apmin=0.4; 

apmax=2.0 
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Positioning accuracy 

X-axis ±0.005 mm 

Z-axis ±0.0075mm 

Main motor 7.5KW 

 

After turning, the surface roughness was measured using the Gippan SRT-6210, a portable surface roughness 

instrument. The cut-off and sampling lengths for each measurement were taken as 0.8 and 4 mm, respectively. 

Driving speed of stylus was taken as 0.5 mm/rev. ISO 4287 standard was followed during measurement. On 

each specimen, three surface roughness measurements were made along the machined surface and an average 

of these values was taken as a response. A small portion of size 12 mm ×12 mm was cut with a hacksaw from 

each specimen to analyze the machined surface microstructure using a LEICA DFC 420 optical microscope. 

TABLE 3: VALUES OF SURFACE ROUGHNESS OF THE WORK PIECES MACHINED USING CARBIDE INSERTS 

Material Feed Depth of Cutting Average  

 (mm/rev) Cut (mm) speed rurface  

   (m/min) roughness  

    (Ra; μm)  

      

7075 Al alloy 0.1 0.5 180 4.015  

   200 3.921  

   220 3.869  

   240 3.619  

 0.2 1.0 180 4.198  

   200 3.917  

   220 3.825  

   240 3.722  

 0.3 1.5 180 4.809  

   200 4.713  

   220 4.605  

   240 4.524  

 0.4 2.0 180 5.967  

   200 5.858  

   220 5.746  

   240 5.639  

7075 Al alloy 0.1 0.5 180 4.327  

4 wt.% WC and E-glass composite   

200 4.172 

 

    

   220 4.069  

   240 3.926  

 0.2 1.0 180 4.439  

   200 4.287  

   220 4.176  

   240 4.053  
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 0.3 1.5 180 5.347  

   200 5.234  

   220 5.128  

   240 5.019  

 0.4 2.0 180 6.217  

   200 6.131  

   220 6.018  

   240 5.911  

      

Material Feed Depth of Cutting Average  

 (mm/rev) Cut (mm) Speed surface  

   (m/min) roughness  

    (Ra; μm)  

      

7075 Al alloy 0.1 0.5 180 2.729  

   200 2.605  

   220 2.521  

   240 2.402  

 0.2 1.0 180 2.837  

   200 2.726  

   220 2.618  

   240 2.509  

 0.3 1.5 180 3.215  

   200 3.107  

   220 2.987  

   240 2.876  

 0.4 2.0 180 3.625  

   200 3.519  

   220 3.427  

   240 3.318  

7075 Al alloy 4 wt% WC and E-

glass composite 

 

0.1 0.5 180 2.838  

   220 2.652  

   240 2.507  

 0.2 1.0 180 2.941  

   200 2.835  

   220 2.739  

   240 2.618  

 0.3 1.5 180 3.538  

   200 3.441  

   220 3.322  

   240 3.214  
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TABLE 4: VALUES OF SURFACE ROUGHNESS OF THE WORK PIECES MACHINED USING PCD INSERTS 

III. Results And Discussion 

Surface roughness: 

     Surface roughness plays an important role in many areas and is a factor of great importance in the 

evaluation of machining accuracy. Many factors affect the surface condition of a machined part. But 

machining parameters such as cutting speed, feed rate, and depth of cut have a significant influence on the 

surface roughness for a given cutting tool and workpiece setup. Values of surface roughness at different 

cutting speed, feed rate, and depth of cut using carbide and PCD inserts are shown in Tables 4 and 5, 

respectively. 

 

 

Figures 2and 3show the values of surface roughness at different feed rates, cutting speeds, and depth of cuts 

while turning Al alloy and WC and E-Glass composite, respectively, using carbide inserts. Surface roughness 

of Al alloy decreases by 5.49% with the increase of cutting speed from 180 to 240 m/min at a feed rate of 0.4 

mm/rev. Surface roughness of Al alloy is almost same at cutting speeds of 200 and 220 m/min when feed is 

increased from 0.1 to 0.2 mm/rev. On the other hand, surface roughness of WC and E-Glass composite 

decreases by 4.92% with the increase of cutting speed from 180 mm/min to 240 mm/min at feed rate of 0.4 

mm/rev. Surface roughness of WC and E-Glass composite is higher than Al alloy at all machining parameters. 

 

 
Fig. 2. Variation of surface roughness WC and E-Glass composite using carbide insert 

 0.4 2.0 180 3.987  

   200 3.851  

   220 3.728  

   240 3.611  
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Fig. 3. Variation of surface roughness of Al alloy using carbide insert 

 

Figures 4and 5indicate the value of surface roughness at different feed rates, cutting speeds, and depth of cuts 

while turning Al Alloy and WC and E-Glass composite, respectively, using PCD inserts. Surface roughness of 

Al alloy decreases by 8.46% with the increase of cutting speed from 180 to 240 m/min at a feed rate of 0.4 

mm/rev. 

 

Decrease in surface roughness is gradual for Al alloy at all feed rates and depth of cuts considered in the 

experiments, when cutting speed is increased from 180 to 240 mm/min. Surface roughness of composite 

decreases by 9.43% with the increase of cutting speed from 180 to 240 mm/min at feed rate of 0.4 mm/rev. 

Surface roughness of both Al alloy and WC and E-Glass composite decreases when using PCD insert as 

compared to the carbide insert. 

 
Fig. 5. Variation of surface roughness of WC and E-Glass composite using PCD insert 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  980 

 
Fig. 4. Variation of surface roughness of Al alloy using PCD insert 

 

In Figs. 6and 7, surface roughness is examined during turning of Al alloy and WC and E-Glass composite, 

respectively, by using carbide inserts at feed rates of 0.1, 0.2, 0.3, and 0.4 mm/rev. Surface roughness of Al 

alloy is almost constant at cutting speed of 200 and 220 mm/min when feed is increased from 0.1 to 0.2 

mm/rev and DOC from 0.5 to 1.0 mm. Surface roughness of Al alloy increases by 55.81% with the increase of 

feed from 0.1 to 0.4 mm/rev and DOC from 0.5 to 2.0 mm at cutting speed of 240 m/min. Surface roughness of 

WC and E-Glass composite increases gradually with the increases of feed from 0.1 to 0.2 mm/rev and DOC 

from 0.5 to 1.0 mm at all cutting speeds. Surface roughness of WC composite increases by 50.56%, with the 

increase of feed from 0.1 to 0.4 mm/rev and DOC from 0.5 to 2.0 mm, at cutting speed of 240 m/min. 

 

 
Fig. 6. Variation of surface roughness of Al alloy using carbide insert 
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Fig. 7. Variation of surface roughness WC and E-Glass composite using carbide insert 

 

Figures 8and 9show surface roughness during turning of Al alloy and WC and E-Glass composite, respectively, 

by using PCD inserts at feed of 0.1, 0.2, 0.3, and 0.4 mm/rev. Surface roughness of Al alloy increases sharply 

with the increase of feed from 0.2 to 0.4 mm/rev at all cutting speeds. Changes in feed rate from 0.1 to 0.4 

mm/rev and DOC from 0.5 to 2.0 mm at cutting speed of 240 m/min caused increase in surface roughness of 

Al alloy by 38.13%. Surface rough-ness of composite increases sharply with the increase of feed from 0.2 to 

0.4 mm/rev and DOC from 1 to 2.0 mm at all cutting speeds. Surface roughness of composite increases by 

44.03% with the increase of feed from 0.1 to 0.4 mm/rev and DOC from 0.5 to 2.0 mm at cutting speed of 240 

m/min. 

 

 
Fig. 8. Variation of surface roughness of Al alloy using PCD insert 
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Fig. 9. Variation of surface roughness of WC and E-Glass composite using PCD insert 

 

As can be seen from above figures, the surface roughness produced by carbide insert is more as compared to 

PCD insert, while machining Al alloy and WC and E-Glass composite at all feed rates and DOCs selected in 

the experiment. Fracture of the carbide insert cutting edges was higher than PCD cutting edges. This is due to 

the fact that hardness of diamond is more than the silicon carbide. It was considered that the fracture of the 

cutting edges of carbide insert caused these significantly high Ra values. Surface rough-ness (Ra) values 

measured on machined surfaces of WC and E-Glass composite were much higher than the Al alloy during the 

machining as the removals of WC and E-Glass particles cause some small gaps in machined surface. It is 

estimated that this condition caused an increase in surface roughness of WC and E-Glass composites as 

compared to Al alloy. The cutting speed plays an important role in deciding the surface roughness. At high 

cutting speeds, the surface roughness decreases. At low cutting speeds, the built up edge (BUE) is formed and 

also the chip fracture readily producing the rough surface. As the cutting speed increases, the BUE vanishes, 

chip fracture decreases, and hence the roughness decreases. The surface roughness increased with using 

higher feed rates in all machining conditions. This was attributed to high temperature in the cutting zone. 

Higher feed values increase temperature and this cause to decrease bonding effect between WC and E-Glass 

particles and Al alloy matrix. 

 

 

The PCD inserts performed a lot better than the carbide inserts and were able to remove a greater amount of 

material. PCD inserts maintained a good surface finish on the workpiece throughout the experiment. No 

major degradation of workpiece surface quality was observed even at the end of the tests. 

Surface roughness of WC and E-Glass composite during machining by the carbide insert is less in the feed 

range of 0.1 to 0.3 mm/rev and DOC range of 0.5 to 1.5 mm. These values of feed and DOC are recommended 

for machining by carbide tool in the cutting speed range of 180 to 220 m/min. Surface roughness of WC and 

E-glass composite during machining by PCD insert is more below cutting speed of 220 m/min. Machining by 
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PCD insert is recommended at cutting speed more than 220 m/min but at feed rate of less than 0.2 mm/rev 

and DOC less than 1.0 mm. 

 

Tool Wear: 

 

Flank wear is the measure most often used to assess tool condition. It occurs on the flank or relief face of the 

tool below the cutting edge. Flank wear is caused due to the abrasive action of the reinforced particles present 

in the metal matrix composite. A tool can be considered to have reached the end of its useful life when flank 

wear reaches a specified dimension. The extent of flank wear (VB) can be measured as the distance between 

the top of the cutting edge and the bottom of the area where flank wear occurs 

 

Carbide turning tools are usually replaced when the width of the flank wear area reaches some pre-defined 

limit. The 1993 international standard (ISO 3685) stipulates that a flank wear width of 0.76 mm width for 

rough turning and 0.38 mm for finish turning (Fig. 10) [7]. 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Side view of cutting tool showing flank wear (ISO3685) 

 

The worn out cutting inserts were examined under both optical and scanning electron microscope. ISO 3685 

was followed for measurement of flank wear. Machining was continued for 7 min for carbide and PCD inserts 

for all the parameters considered. Each experiment was repeated three times and average value of readings 

was taken. Flank wear of carbide and PCD inserts while machining 7075 Al alloy with 4 wt.% WC and E-

Glass composite is shown in Table 6. The carbide insert has 0.54 mm maximum flank wear (VB) and PCD 

insert has 0.0102 mm maximum flank wear (VB) when turning 27 mm diameter composite at a cutting speed 

of 240 m/min, a feed rate of 0.4 mm/rev, and a depth of cut 2 mm.Figures 11and 12indicate wear of carbide 

inserts during turning of 7075 Al alloy composite with change in cutting speeds and feeds, respectively. 

 

Flank wear increases gradually with the increase of cutting speed, feed rate, and depth of cut. Flank wear 

increased by a factor of 2.4 with the increase of cutting speed from 180 to 240 m/min at feed of 0.1 mm/rev 

and DOC 0.5 mm. Increases in the flank wear is more at feed rate of 0.4 mm/rev and depth of cut of 2.0 mm 

as compared to other values of feeds and DOCs. Flank wear increased by a factor of 2.5 with the increase of 

feed from 0.1 to 0.4 mm/rev at cutting speed of 240 m/min. As can be seen from figures, lowest tool flank 

wear values were recorded at cutting speed of 180 m/min and feed rate of 0.1 mm/rev. In order to examine 

the tool wear in detail, the worn cutting tools were investigated using metallurgical microscope. Workpiece 

material adhered to the cutting edges at 180 and 200 m/min cutting speed. In this speed, range adhesive wear 
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is the dominant wear mechanism. When the cutting speed was increased beyond 200 m/min, abrasion and 

adhesion were the mechanisms dominating the tool wear. 

 

  TABLE 5: FLANK WEAR OF CARBIDE INSERT AND PCD INSERTS 

Feed Depth Cutting Flank wear Flank wear 

(mm/rev) of cut Speed (mm) using (mm) using 

 (mm) (m/min) carbide insert PCD insert 

     

0.1 0.5 180 0.08 0.0040 

  200 0.11 0.0044 

  220 0.14 0.0046 

  240 0.19 0.0052 

0.2 1.0 180 0.16 0.0056 

  200 0.18 0.0058 

  220 0.22 0.0062 

  240 0.28 0.0068 

0.3 1.5 180 0.23 0.0068 

  200 0.26 0.0070 

  220 0.31 0.0076 

  240 0.38 0.0084 

0.4 2.0 180 0.41 0.0086 

  200 0.45 0.0090 

  220 0.48 0.0094 

  240 0.54 0.0102 

     

 

 

 
Fig. 12. Wear of carbide insert with feed 

 
Fig. 11. Wear of carbide insert with cutting speed 

 

PCD insert was monitored using a scanning electron 

microscope for normal types of tool wear namely 

crater wear, flank wear, and the nose wear as 

machining progressed. The wear on the PCD insert is 

caused by the abrasive nature of the hard particles 
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present in the work piece material. As diamond is 

harder than the WC and E-Glass, this abrasive wear 

may be associated with micromechanical damage 

rather than with micro-cutting [8].  

 

Figures 13and 14indicate wear of PCD inserts during 

turning of WC and E-glass composite with respect to 

cutting speed and feed. Flank wear increases 

gradually with the increase of cutting speed, feed 

rate, and depth of cut. Flank wear increased by only 

a factor of 1.3 with the increase of cutting speed from 

180 to 240 m/min at feed of 0.1 mm/rev and DOC 0.5 

mm. At low cutting speeds, the worn flank 

encourages the adhesion of the work piece material 

and was therefore often covered with an aluminum 

film due to the high pressure generated. At same feed 

rate and depth of cut, the effect of cutting speed on 

flank wear was little. At same cutting speed, flank 

wear was higher when higher feeds and depth of cuts 

were used. Higher feed rates and depth of cuts at 

high cutting speed resulted in increased flank wear. 

 

 

Flank wear increased by a factor of 1.96 with the 

increase of feed from 0.1 mm/rev to 0.4 mm/rev at 

the cutting speed of 240 m/min. In machining, Al-

WC composites using PCD inserts, the predominant 

mode of tool wear is by abrasion [9]. 

 

 

Andrewes et al. [10] reported that when machining 

MMCs using PCD cutting tools, the initial flank wear 

starts with the abrasive effect of the hard particles 

and the workpiece material adheres to these abrasive 

grooves strongly due to the high pressure generated 

at the tertiary cutting zone as machining progresses. 

Each time a workpiece film adheres and breaks off as 

a result of the hard abrasive particles present in the 

workpiece, small diamond particles are also removed 

from the PCD cutting tool surface. This cyclic 

process leads to progressive loss of the PCD tool 

material. Wear of PCD inserts is less as compared to 

carbide inserts at all ranges of cutting speed, feed rate, 

and depth of cut studied. Since diamond has an 

extremely low coefficient of friction and high 

thermal conductivity, crater wear is not a significant 

wear mode of tool failure in PCD inserts.Figure 

15indicates carbide insert before machining. Figure 

16represents carbide insert after machining for 7 min 

at cutting speed of 180 m/min, feed rate of 0.4 

mm/rev, and DOC 2 mm. 

 

 

The optical inspection of the flank face of the cutting 

inserts revealed the beginning of the flank wear. No 

substantial groove wear was observed; insert 

experience relatively wider, but shallower nose 

deformation with mild erosion of material over the 

tool. 

 

 
Fig.14. Wear of PCD insert with feed 

 
Fig. 13. Wear of PCD insert with cutting speed 
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Fig. 16 Carbide insert after machining atFig. 15. 

Carbide insert before machining 

cutting speed of 180 m/min 

 

Figure 17shows carbide insert after machining at 

cutting speed of 240 m/min, feed rate of 0.4 mm/rev, 

and DOC 2 mm. It is seen that cutting insert 

experiences wide, deeper nose deformation with 

localized chipping over the cutting edge. Under the 

combined action of cutting force and temperature 

acting over the cutting edge, the tool experienced 

deformation of nose and consequent chipping. 

 

 
Fig. 17 Carbide insert after machining at cutting 

speed of 240 m/min 

 

Figure 18shows scanning electron microscope 

micro-graph of PCD insert. The main wear pattern 

observed is flank wear. Flank wear is associated with 

abrasion wear tracks. Figures 19and 20shows the 

microstructure of WC composite after machining by 

carbide and PCD insert, respectively. It appears from 

these figures that WC particles are properly bonded 

with aluminum matrix at most of the places. The 

white particles indicate the transformation of 

aluminum powder during machining of composite. 

Dark spots in Fig. 19show that machining of 

composite by the carbide insert is non-uniform. Less 

number of dark spots in Fig. 20is an indication of 

uniform machining by PCD insert as compared to 

machining by carbide insert. The WC particle has 

high yield strength and its elastic modulus is very 

high, whereas the 7075 Al alloy has low yield 

strength and good plasticity. Under force, the stress 

of the matrix is unequal to that of reinforcing 

particles. Thus, in the cutting process of WC and E-

Glass composites, when the Al alloy matrix deforms 

plastically, the WC and E-Glass particles may only 

deform elastically to break. In addition to this, the 

boundary of the Al alloy matrix and the WC and E-

Glass particles may break between the tool and 

reinforcing particles, which causes severe abrasive 

wear on the tool flank of carbide insert. This is the 

reason of non-uniform machining of WC and E-

Glass composites by carbide insert. 

 

 

 
Fig. 18. SEM micrograph of PCD insert 
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Fig. 19. Microstructure of WC and E-glass composite 

after machining by carbide insert. 

 

 
Fig. 20 Microstructure of WC and E-glass composite 

after machining by PCD insert 

 
IV. Conclusion 

 

In this work, effects of tungsten carbide and E-

glass reinforcement to 7075 Al alloy on surface 

roughness and tool wear during turning have 

been investigated in terms of selected 

parameters such as cutting speeds, feed rates, 

and depth of cuts. The following conclusions are 

drawn based on the above experimental work: 
 
1. Surface roughness of Al alloy is less as 

compared to Al alloy composite during 

turning by carbide as well as PCD inserts.  
2. Wear of carbide and PCD inserts is less 

during turning of Al alloy as compared to Al 

alloy composite.  
3. Wear of PCD insert is less as compared to 

wear of carbide insert during turning of Al 

alloy composite.  
4. For optimum surface roughness in the 

workpiece, it is recommended that turning 

operation on Al alloy composite by carbide 

insert should be carried out at, cutting speed 

within the range of 180 to 220 m/min, feed 

rate within range of 0.1 to 0.3 mm/rev, and 

DOC within range of 0.5 to 1.5 mm. For 

minimum flank wear in the carbide insert, 

machining should be carried out at cutting 

speed of less than 200 m/min, feed rate of 0.1 

mm/rev, and DOC 0.5 mm. 

5. Based on the results of surface roughness in 

the work piece and flank wear in the tool, it 

is recommended that turning operation on Al 

alloy composite by PCD insert should be 

carried out at cutting speed higher than 220 

m/min but at a feed rate of less than 0.2 

mm/rev and DOC less than 1.0 mm. 
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Pharmaceutical drugs play a vital role in the progress of human civilization. In recent times, there have been enormous
improvements in medical practices to treat allergic conditions by using antihistamines. Antihistamines are one of the most
widely consumed medicines in the world. It is true that instrumental approaches make possible a great many things that
could not be accomplished previously using conventional techniques. However, even with these, powerful instrumental
approaches, the chemical methods not only still persist but have continued to �ourish. The need to develop simple, cost-
e�ective, and new analytical methods for assurance of quality, safety and e�cacy of drugs and pharmaceuticals is quite
important because of their use not only as health care products but also lifesaving substances.

Book Details:

ISBN-13: 978-620-2-68105-6

ISBN-10: 6202681055

EAN: 9786202681056

Book language: English

By (author) :
M. S. Raghu 
Yogesh Kumar K. 
Parashuram L. & Muralidhara H. B. 

Number of pages: 432

Published on: 2020-07-21

Category: Pharmacy

The Publisher

Lambert Academic Publishing is a brand of OmniScriptum S.R.L.

We use cookies to enhance your experience. Learn More

I understood

https://www.lap-publishing.com/
https://www.lap-publishing.com/catalog/index
https://images.our-assets.com/cover/2000x/9786202681056.jpg
https://www.morebooks.shop/store/gb/book/method-development-and-validation-for-the-assay-of-antihistamines/isbn/978-620-2-68105-6
https://www.morebooks.shop/store/gb/book/method-development-and-validation-for-the-assay-of-antihistamines/isbn/978-620-2-68105-6
http://www.lap-publishing.com/site/imprint-privacy-policy/13


Copyright © SIA OmniScriptum Publishing

IMPRINT & PRIVACY POLICY

Home Page How to Publish? Partners Distributors Our Team News Videos Catalogue

Contact

Back

MODIFIED ELECTRODES FOR ELECTROCHEMICAL SENSOR APPLICATIONS
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This book describes the modification and characterization of carbon paste modified electrode for the detection of
analytes such as Dopamine (DA), Ascorbic acid (AA), Uric acid (UA), Folic acid and Paracetamol in biological
buffer solution. Dopamine (DA), 3, 4-dihydroxyphenylethylamine is an important naturally occurring
neurotransmitter in the mammalian central nervous system. A deficiency in this catecholamine level can cause
some serious diseases such as Parkinson, epilepsy and senile dementia in humans. Uric acid (UA) is the primary
end product of purine metabolism in the human body. In a healthy human being, the typical concentration of UA in
urine is around 2 mM and in the blood is in between 120 μM to 450 μM ranges. Electrochemical analysis on the
modified electrodes represents a modern approach to electrode systems. They alter the electrode surface by
means of a reagent placed on the electrode surface. Such deliberate alterations can thus meet these needs and
can be beneficial to many electroanalytical problems. The work carried out in the above topic is divided and
described into seven chapters.
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ABSTRACT 
 

In this study, sisal fibers successfully surface modified by high intensity ultrasound (HIU) and their effects on 

morphology and mechanical characteristics were investigated for their polypropylene (PP) composites. The 

SEM analysis shows that after HIU modification, sisal fibers filled PP composites have good compatibility 

between fibers and PP polymer due to improve the surface roughness. The mechanical properties were 

significantly enhanced with HIU treated sisal fibers PP composites. The highly cost-effective PP bio-

composites reinforced sisal fibers with improved mechanical properties find the potential applications in 

automotive and other structural engineering industries. 

Keywords : Sisalfiber, Polypropylene, Ultrasound, Water Absorption, Morphology 

 

I. INTRODUCTION 

 

In last few years, natural fibers reinforced polymer 

composites are extensively used in many applications 

such as home appliances, automotive, etc., owing to 

their good mechanical properties, biodegradability 

and economical aspects[1]. Polypropylene (PP) is an 

important thermoplastic polymer which is 

extensively used for the production of polymer 

composites used for applications such as automotive, 

electrical insulation, home appliances and other 

structural applications. However, PP has drawbacks 

such as low tensile, impact and thermal properties[2]. 

These mechanical and thermal properties of PP 

polymer can be enhance by filling of fiber materials 

into the PP matrix[3,4]. It is well known fact that, 

reinforcement materials such as fibers are 

withstanding high force applied on the composites. 

Nowadays natural fibers are very commonly used for 

preparation of polymer composites owing to their 

biodegradability, easy availability, and good 

mechanical and thermal properties[5–7]. However, 

due to occurrence of amorphous materials such as 

hemicellulose, lignin, pectin and other waxy 

materials on the surface of the natural fibers cause 

high water absorption and low compatibility with 

hydrophobic polymer matrices[8–10].  

Surface modification is frequently the used 

method for the elimination of amorphous materials 

from the surface of natural fibres to convert the 

hydrophilic nature of natural fibres surface into 

hydrophobic [11]. A wide number of mechanical and 

chemical methods are available to alter the fibre 

surface to enhance the interfacial bond between 

fibres and polmer matrices[12,13]. Physical methods 

include heat, plasma[12,14] and corona treatments 

http://ijsrcseit.com/
http://ijsrcseit.com/
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[15] whereas chemical treatments comprise alkali, 

silane, acid, benzoylation and peroxide treatments as 

well as acetylation [16]. In theseyears, high intensity 

ultrasound (HIU) treatment gaining reputation 

owing to its ability of the effective elimination of 

amorphous materials on the surface of natural 

fibers[17].  

In the present work, high intensity ultrasound was 

applied on the sisal fibers in order to remove the 

amorphous materials and PP composites were 

prepared with the addition of dissimilar weight 

percentage of surface treated sisal fibers into PP 

matrix. Morphology, mechanical and water 

absorption properties investigated in order to find 

out the effects of HIU treatments. 

 

II.  EXPERIMENTAL 

 

A. Materials 

Polypropylene (Titanpro 6331) with 14 g/cm3 of 

melt flow index and the density was 0.9 g/cm3. Sisal 

fibers were purchased from vibrant nature, Chennai, 

India.  

 

B. High intensity ultrasound treatment 

The HIU treatment was applied according to our 

previous work [18]. Sisal fibers after washing with 

distill water several times were subjected to high 

intensity ultrasound treatment. An ultrasonic 

transducer (Hielscher UIP1000hd, 24 mm of tip 

diameter) by the frequency of 20 kHz and an output 

power of 1000 W has been employed. Demineralized 

water was used as the medium and the ratio between 

sisal fibers and water was kept at 1:20 (w/v) during 

treatments. 

C. Preparation of PP composites 

Untreated and HIU treated sisal fibers filled 

polymer composites were prepared by taking 

dissimilar weight percentage of sisal fibers (10%, 

15%, 20% and 30%) and mixed with PP matrix by 

using internal mixer (Brabender PL2000-6 with co-

rotating blades and69 cm3of a mixing head). 

Materials obtained from the internal mixer were 

compression molded according to ASTM standard. 

The final samples were stored at room temperature 

for 24 hrs before characterization. 

The surface morphology of impact test fractured 

surfaces of pure PP, untreated and HIU treated SF/PP 

composites were examined by using Quanta 400 FE-

SEM.Mechanical properties such as tensile strength, 

modulus, elongation and impact strength were 

studies for untreated and HIU modified sisal fibers 

reinforced PP composites according to ASTM D3039 

and ASTM D7136 standard for tensile and impact 

properties respectively. PP composite samples were 

prepared according to ASTM standard with dumble 

shape and dried in hot air oven before testing in 

order to remove moisture. Five specimens were 

tested in each type of sample and average was 

reported. 

 

III. RESULTS AND DISCUSSION 

 

 

Fig. 1 SEM images of untreated and HIU treated 

sisal fiber PP composites 

FE-SEM was carried out to inspect the effect of 

surface treatments on morphology of sisal fibers 

reinforced PP composites. For this purpose, the 

fractures surfaces of impact tested samples of 

untreated and HIU treated SF/PP composites were 

used and represented in Figure. 1. 

It could be seen that in the Figure. 1 shows the 

surface morphology of untreated SF/PP composites, 

it is very perfect that the large number of voids as 

well as cracks can be noticed at the fiber-matrix 

boundary. This is may be due to fiber materials were 

pulled out from the matrix when impact force was 

applied which clearly indicates the incompatibility 

between fiber and matrix material leads to poor 

surface adhesion between fiber and matrix materials. 
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HIU treated sisal fiber composites showed good 

distribution across the PP polymer and the small 

reduction of voids resulting in improved interfacial 

adhesion[20].  

A. Mechanical Properties 

Effect of HIU treatment on the elimination of 

amorphous materials on the surface of sisal fibers and 

their mechanical properties were studies. Figure 2 

show the tensile strength of unmodified and HIU 

modified sisal fibers incorporated PP composites. 

 
Figure 2 Tensile strength of untreated and HIU 

treated sisal fibers PP composites 

It could be seen that tensile strength was increased 

significantly by the addition of HIU modified sisal 

fiber composites as compared with untreated PP 

composites. This is mainly due to elimination of 

amorphous materials on the surface of the sisal fibers 

enhances the compatibility between matrix and filler. 

However, the trend of tensile strength was reducing 

by increasing addition of fiber volume. However, in 

case of tensile modulus, modulus is increasing 

irrespective of the addition of sisal fibers [21,22]. 

 
Figure 3 Tensile modulus of unmodified and HIU 

modified sisal fiber PP composites 

The highest tensile modulus is reached by 680 MPa 

with the increment of 30 wt% of HIU modified sisal 

fibers into PP matrix. This is may be due to 

increasing the restrictions of motion between the 

polymer chains. It is also noticed that the modulus 

was higher for HIU modified sisal fiber PP 

composites as compared to untreated sisal fiber PP 

composites. This could be confirmed that, after the 

treatment of HIU, compatibility is increased between 

PP matrix and sisal fibers. Izad impact strength was 

carried out to find the effect of surface treatment on 

the sisal fibers and their effects on impact properties 

of PP composites (Figure 4). 

 
Figure 4 Impact strength of untreated and HIU 

treated sisal fiber PP composites  

It can be seen from the Figure 4 that the impact 

strength was increased for surface treated sisal fiber 

PP composites as compared with untreated one by 

more than 10%. However, it is noticed that impact 

strength decreased gradually with the increasing the 

addition of fiber volume[23]. 

 

 

IV. CONCLUSION 

 

In this work, PP composites were prepared by 

incorporation of untreated and HIU treated sisal 

fibers with different weight percentage of fiber 

volume. The effect of surface treatment by HIU on 

morphology and mechanical properties were 

investigated. It was noticed that the tensile strength 

increased significantly for surface modified sisal fiber 

PP composites when compared to unmodified one. 

Tensile modulus and impact properties were also 
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increased for the surface treated sisal fiber PP 

composites as compared to untreated. 
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ABSTRACT 
 

In the present work, a well defined Samarium doped Magnesium Zirconate (MgZrO3:Sm3+) nanospheres 

were synthesized by facile solution combustion method. The prepared material was characterized by FTIR, 

PL and SEM. FTIR spectra showed broad peaks within 500 cm-1 indicating the presence of metal oxygen 

bonds. From the UV-Vis DRS results the band gap of MgZrO3:Sm3+ nanomaterials were evaluated and it is 

observed that, band gap decreases with the increase in concentration of Sm3+ and it was in the range of 5.89 

eV-7.17 eV. From the SEM micrographs of the material with different concentration of Sm3+ it was evident 

that, in all the samples the particles are agglomerated and showed defined spherical morphology. The 

Photoluminescence studies of the material showed five bands at 360 nm, 397 nm, 442 nm, 487 nm and 535 

nm, upon excitation at 290 nm. A detailed investigation on effect of Sm+3 on the PL intensity were studied 

and photocatalytic activity for the degradation of methylene blue was evaluated. 

Keywords : Synergistic Effect, Photocatalysis, Degradation of Methylene Blue, Charge separation, 

Photoluminescence. 

 

I. INTRODUCTION 

 

Ceramic supported photocatalysts have shown 

promising activity for air/water purification[1]. 

These materials are widely explored in the field of 

wastewater treatment, especially dyes, due to their 

low cost, recyclability, low toxicity, high thermal 

stability and the ability to process multi-electron 

exchange reactions[2]. Many photocatalysts have 

variable properties that can be modified by doping, 

size reduction, and so forth. Photocatalysis depends 

on the generation of charge carriers and the 

proficient transfer of a hole or electron. The 

effectiveness of a photocatalyst is primarily 

determined by the recombination rates of the 

photogenerated charge carriers. The recombination 

rates are generally much faster (nanoseconds) than 

the interfacial transfer rate (microseconds to 

milliseconds) where many charge carriers recombine 

releasing heat energy and reduces the overall 

quantum efficiency of the photocatalytic process. 

Recently S. P. Ratnayake, et al. studied the 

photocatalytic activity of carbon quantum dots 

decorated nano zirconia as a highly efficient catalyst 

for the degradation of methylene blue in water[3]. 

Higher photocatalytic efficiency due to the coupling 

http://ijsrcseit.com/
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of oxygen ion conduction with the photocatalysis 

was observed. The improved ionic conduction of 

oxygen ions at higher temperatures results in better 

separation of photogenerated charge carriers, 

thereby improving the overall efficiency of the 

photocatalytic process. Therefore, introduction of 

oxygen vacancies or increasing the density of oxygen 

vacancies at the surface of the photocatalyst can 

improve the photocatalytic process by effective 

inhibition of the recombination of electron−hole 
pairs. The oxygen can be bound to vacancies, which 

acts as an electron scavenger and can produce 

superoxide radicals[4], [5].  

Zirconium oxide (ZrO2) and magnesium oxide (MgO) 

were widely used for catalysis [6]–[8] . The catalytic 

properties and oxide ion conductivity of zirconia 

originates from its phase and structure. These 

properties gives rise to oxygen vacancies. Further, 

ZrO2 has a band gap (3.2-5.0 eV) and works as a 

suitable photocatalyst [9]. When zirconia is doped 

elements like Mg, Ca and rare earth elements like 

dysprosium, europium and samarium, an 

improvement in photocatalytic activity was ascribed 

to an enhancement in the mobility of excitons, thus 

facilitating surface reactions [10]–[12]. 

 

 

II. CHEMICALS AND INSTRUMENTS 

 

Magnesium nitrate hexahydrate, zirconium 

oxynitrate, samarium oxide, neodymium oxide and 

urea were purchased from Merck chemicals and are 

of analytical reagent grade and used as received 

without further purification. FTIR spectra were 

recorded using Bruker spectrometer with specrtral 

grade KBr. The morphology and structure of the 

samples were inspected using Zeiss FESEM and 

Photoluminescent measurements were done using 

Agilent Cary eclipse Photoluminescent 

spectrofluoremeter equipped with xenon lamp as the 

source of radiation. 

2.2. Synthesis of samarium doped magnesium 

zirconate photocatalyst 

Samarium doped magnesium were prepared by 

simple solution combustion method. The precursor 

Mg(NO3)2.6H2O, ZrO(NO3)2.xH2O, were dissolved 

in a minimum quantity of water. The samarium 

oxide (Sm2O3) was digested in concentrated nitric 

acid then; the digested solution was mixed with the 

above solution followed by the addition of suitable 

amount of urea. The final solution obtained was 

mixed well to homogeneity. Then the solution was 

subjected to combustion in a preheated muffle 

furnace at 400ᵒC±10ᵒC, the reaction facilitated with 

the evolution of gases leaving behind white powder. 

Thus obtained powder was ground to fine and 

further calcinated at the same temperature for 3 h. 

Following the same procedure a series of 3, 5, 7 and 9 

mol% of samarium doped magnesium zirconate 

(SMZ) were prepared and labeled as SMZ-3, SMZ-5, 

SMZ-7, SMZ-9 and SMZ-11 respectively.. 

 

 

III. RESULTS AND DISCUSSION 

1. Material characterization 

FTIR spectra of the SMZ (1-9 mol %) are shown in 

Figure 1. The IR spectra of the SMZ exhibits a broad 

band observed at 3420 cm-1 and a small shoulder at 

1115 cm-1, corresponding to the O–H stretching and 

bending vibration of physically absorbed water 

molecules. Two strong absorption peaks observed at 

1520 and 1390 cm-1 are assigned to rocking and 

wagging vibration transitions of the O–H group. The 

appearance of a intense band at 500-700 cm-1 is 

assigned to the Sm–O stretching vibration mode 

revealing the formation of Sm2O3 nanoparticles, the 

data obtained was well in match with the literature 

reported. 

 

SEM images of SMZ and NMZ nanoparticles are as 

shown in the Figure 5 and 6 respectively. The Figure 

2a-2e shows FESEM images of SMZ (1-9 mol%) 

samples, as observed from the images, it is evident 

that the particles are of spherical morphology, 

porous natured and showed considerable 
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agglomeration, these properties are expected for the 

material processed via solution combustion reaction. 

Figure 1: FTIR spectra of Samarium doped 

magnesium zirconate (1-9 mol %) 

 
Figure 2: (a) to (e) FESEM images of SMZ samples (1-

9 mol %) 

 

2. Photoluminescence studies of samarium doped 

magnesium zirconate 

Photoluminescence emission spectra of SMZ (1-9 

mol %) samples were recorded at room temperature. 

As shown in the Figure 3, the material showed five 

bands at 360 nm, 397 nm, 442 nm, 487 nm and 535 

nm, upon excitation at 290 nm. These transitions are 

attributed to the defect induced in ZrO2 due to 

oxygen vacancy defect. 

Figure 3: Photoluminescence spectra of SMZ nano 

particles (1-9 mol %) 

3. Effect of photocatalyst dosage 

The influence of photocatalyst amount towards 

methylene blue dye degradation efficiency is shown 

in Figure 4. It is observed that, increasing the 

amount of photocatalyst the number of active sites 

i.e., the available surface area for photocatalysis 

process increases significantly thereby enhancing the 

kinetics of dye degradation through the voluminous 

formation of O2˙ and OH˙ reactive species. To study 

the optimum amount of samarium doped magnesium 

zirconate for the efficient dye degradation; a diverse 

range of photocatalyst quantity (10mg-30mg) was 

employed. The photocatalysts are equilibrated 

individually with 20 ppm of methylene blue dye 

solution (100mL) of pH 3.0. The figure denotes 

that >98% of dye degradation is achieved by using 30 

mg within 2 hours of UV light irradiation. However, 

beyond 30 mg of the photocatalyst, the degradation 

efficiency decreases considerably, which is attributed 

to the excess of catalyst in the reaction medium 

eventually scatters the light entering into the 

reaction vessel, thus making it unavailable for dye 

photodegradation. Hence, 30 mg samarium doped 

magnesium zirconate photocatalyst was chosen as 

the appropriate amount for the methylene blue dye 

mineralization. 

 
Figure 4: Effect of dosage of the catalyst on the 

photocatalytic degradation of methylene blue 

 

4. Effect of dye concentration: 

The influence of methylene blue dye concentration 

on the degradation kinetics is depicted in Figure 5. 
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The plot reveals a first-order kinetics for various 

concentrations of methylene blue dye solutions (100 

mL) ranging from 5 to 25 ppm that are individually 

irradiated under optimum experimental conditions. 

In the case of 5 ppm of dye concentration, ˃99% of 

the dye molecules are degraded. However, for 10, 15, 

20 and 25 ppm of dye concentrations, is noticed to 

achieve ˃90% dye degradation. This tendency is 

attributed to the greater availability of dye molecules 

in the reactive solution in comparison to surface of 

the photocatalyst at higher concentrations, which 

eventually hinders the photon absorption by the 

photocatalyst for dye degradation process. 

Furthermore, at higher dye concentrations, these dye 

molecules exerts shielding effect, hence the incident 

light suffers reduced path length through the 

solution medium that eventually leads to poor 

photocatalytic efficiency. Hence, as a matter of 

convenience, 20 ppm of methylene blue dye solution 

is used for photocatalytic studies. 

 
Figure 5: Effect of dye concentration on the 

photocatalytic degradation of methylene blue 

 

IV. CONCLUSION 

 

The article reports on the facile solution combustion 

synthesis of structurally ordered sphere-like 

samarium doped magnesium zirconate with a 

stoichiometric intrusion of samarium as the dopant. 

The synthesized material was capable for inducing 

photocatalytic activity under UV light spectrum, 

with ultrafast dissipation response. From the dopant 

stoichiometric combinations, the use of 30 mg of 

catalyst was found to serve as the efficient 

photocatalyst material, which is confirmed by 

various instrumental and experimental parameters. 

The surface morphology and textural properties of 

the monolithic photocatalyst are characterized using 

SEM images, which reveal a highly ordered and 

continuous sphere-like structure of Mg-O-Zr 

network pattern. A detailed analytical investigation 

was performed to evaluate the photocatalytic 

properties of the synthesized catalyst. The studies 

reveal that, the photocatalyst materials exhibit 

excellent UV light induced photocatalytic activity 

towards rapid dissipation of organic textile dye 

(methylene blue). 
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ABSTRACT 
 

Fuzzy sets in mathematics correspond to uncertainty. We have defined fuzzy graph and its adjacency matrix 

and discussed about the bounds and energy of Fuzzy graphs. We have also extended the concept to social 
network to study strength of relationship. 
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sets, Fuzzy graph. 
 

I. INTRODUCTION 

 

In real world problems, Mathematical model are 

stable till reasons, computing are crisp and precise in 

character, but when the complexity of a system 

increases behavior of system may not be very crisp 

and precise. Complexity, credibility and uncertainty 

are the major pillar of any model. Uncertainty has a 

pivotal role in maximizing the usefulness of a system. 

 Lotfi A. Zadeh gave framework to describe this 

phenomenon of uncertainty in his paper “Fuzzy Sets”. 
Fuzzy principle is “Everything is a matter of degree” 
and the logic is called Fuzzy logic. Fuzzy subset of set 

P is a map called membership function .Value 

assigned to a individual represents its grade of 

membership in fuzzy sets. 

  Fuzzy set P~  define as a set of ordered pairs. 

Mathematically it is represented as – 

                P~ = {y,μP~ (y)  such that y ϵ U  }   

Where U is the universal set and  μP~ (y)  = degree 
of membership of y in {P} and the values of this set is 

in the range from 0 to 1.[1]  

Graph is a presentation of number of points that are 

linked by lines. It is a study of points and lines. Each 

point is called a vertex and the lines are called edges. 

Graph is a tool for modeling relationships. They are 

used to find solutions to various problems. Graphical 

models are used to represent traffic network, 

communication network, airlines network, railway 

network, social networks etc.  Many times graph can 

not represent all the systems properly, because of 

some uncertainty of the parameters of system, that is 

the reason why Fuzzy graph is been discussed. [2] 

 

II. LOGICS OF FUZZY GRAPH 

 

Fuzzy graph called f-graph is a combination of G: 

(𝜎, 𝜇 ) here 𝜎  as fuzzy subset of P and  𝜇  as fuzzy 

relation on  𝜎. Here P is nonempty finite set. Here  𝜇 

is a relation named reflexive and symmetric on  𝜎. 

Where 𝜎 ∶ 𝑃 → [0,1] and  𝜇 : × 𝑃 → [0,1] :  𝜇(𝑢, 𝑣) ≤  𝜎{𝑢} ˄ 𝜎{𝑣}∀   u and v 

are the elements of set P. The crisp  graph of the 

Fuzzy graph G: (𝜎, 𝜇 ) is expressed as G*: (𝜎∗, 𝜇∗ ) 

where 𝜎∗  is non empty set P of nodes and 𝜇∗  = E 

subset of  𝑃 × 𝑃. [3][4]  

Fuzzy graph T : (𝜏, 𝜔) said as partial fuzzy sub graph 

of G: (𝜎, 𝜇 ) if   𝜏(𝑢) ≤ 𝜎(𝑢) ∀   u and 𝜔(𝑢, 𝑣)  ≤ 𝜇(𝑢, 𝑣) ∀   u, v. Also we can say T : (𝜏, 𝜔) a fuzzy sub 

graph of G: (𝜎, 𝜇) if 𝜏(𝑢) = 𝜎(𝑢) for all u 𝜖𝜏∗ and  

http://ijsrcseit.com/
http://ijsrcseit.com/
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𝜔(𝑢, 𝑣) = 𝜇(𝑢, 𝑣) ∀    u, v 𝜖 P*   [5]  

Further we will discuss about order and size of Fuzzy 

graph with degree of its vertices.  

For fuzzy graph G: (𝜎, 𝜇):  order of G is defined as ∑𝜎(𝑥)  where x belongs to underlying set P. It is 

denoted by O (G). Fuzzy graph G: (𝜎, 𝜇) : size of G is 

defined as ∑𝜇(𝑥, 𝑦)  where x  , 𝑦 belongs to 

underlying set P. It is denoted by S (G). For a fuzzy 

graph G: (𝜎, 𝜇) : degree of a vertex u is define as 𝑑𝐺(𝑢) = ∑𝜇(𝑢, 𝑣) . [6] 

Let us consider Fuzzy graph G: (𝜎, 𝜇) with a = 0.4, b = 

0.5, c = 0.6, d = 0.2  and edges ab = 0.7, ad = 0.2, cd = 

0.6, ac = 0.3 

            a(0.4)             0.7         b(0.5) 

                       

            0.3                     0.2       

  

   c(0.6)                   0.6               d(0.2)  

       

Here O (G) =1.8         S (G) = 1.7         𝑑𝐺(𝑎) = 1.2, 𝑑𝐺(𝑏) = 0.7, 𝑑𝐺(𝑐) = 0.9, 𝑑𝐺(𝑑) =0.8 

 

III. ENERGY AND BOUNDS OF A GRAPH 

Graph Energy : It is the sum of absolute values of 

Eigen values in adjacency matrix of any graph . 

Graph G with  vertices andedges as {n,m}, say 𝑣1, 𝑣2. . . ,𝑣𝑛 be the vertices.  Adjacency matrix A = A 

(G) of any graph G is the square matrix with order n 

such as-- 

aij ={ 1                    if i ≠ j ∶  vi and vj are adjacent0                      if i ≠ j: vi , vj are not adjacent   0                                                                     if i = j 
If λ1, λ2, . . . ,λn are the Eigen values for A(G). Then 
Graph energy for G is  

 E = E (G) = ∑ |λi | ni=1                                                                                  

In view of the fact that  A is  symmetric matrix having  

zero trace, sum of  Eigen values is equal to zero and all 

Eigen values are real.  [7][8][9] 

λ1 ≥ λ2 ≥ · · · ≥ λn, 

 λ1 + λ2 + · · · + λn = 0 

EXAMPLE: Let G be a disconnected graph          

 

 

 

 

Then A (G) =[0 1 0 01 0 0 000 00 01 10] 
Characteristic polynomial is det (xI4 -A) = (x2-1)(x2-1) 

with Eigen values  1,-1,1,-1 

Energy of the graph E (G) = 4 

If G1 and G2 are two components of above 

disconnected graph then we can easily verify that 

E (G) = E (G1) + E (G2) 

BOUNDS: 

The bounds of graph are defined on the basis  of 

vertices,  edges, and determinants of adjacency matrix 

etc. Upper bound and lower bounds are explored, 

which define graphs with both extreme energies and is 

considered as field of upcoming growing area for 

research under spectral graph theory. [10][11][12] 

 Lower bounds on the  energy of a graph are- 

 

1.On the basis of Edges — ( With equality holding  

iff  G contains  complete bipartite graph Ka, b : 

a ·  b = m,  arbitrarily a lot of isolated vertices. 

E (G) ≥ 2 √ m 

 

2. On the basis of vertices and edges and the 

determinant--- 

                               E (G) ≥ √2m + n(n − 1)|det A|2/n 

3.   As  per  non singular graphs 

        E (G) ≥ 2mn + n − 1 + ln (n|detA|2m ) 
4. As per simple graph with order n > 2 having  m 

edges--(with equality holds  iff  G ≌ n2K2 (n as even) 

or G ≌  Kn→ .) 

     E (G)≥ √ 2m + n(n − 1)|det A|n2 +4(n+1)(n+4) [√2mn − (2mn )1/4]2 
5. As per the  vertices  
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       E (G) ≥ 2 (n-1) 

     Upper bounds  

1. On the basis of vertices and edges-( with 

equality achieved only in the cases where G 

is consider as empty graph or else one regular 

graph) 

                            E (G) ≤√2mn 

2. If 2m  ≥ n and G  as graph with n vertices 

having m edges-( With equality holding if 

and only if G is either 
n2K2, Kn or else non 

complete connected  regular graph with 2 

non-trivial eigen values mutually along with 

absolute value) i.e√[2m−(2mn )2]n−1     

E (g)  ≤ 
2mn +√(n − 1) [2m− (2mn )2] 

3. If 2m ≤ n and G is  graph with vertices and   
Edges as {n,m} (With equality holding iff G is 

put out of joint union of edges and cut off 

vertices)  

                     E (G) ≤ 2m 

4. In terms of vertices  

E (G) ≤  n(√1+√n)2  

5. As per G as bipartite graph with n vertices, 

where n˃ 2 

E (G) ≤ n(√n+√2)√8  

 

 

IV. ENERGY AND BOUNDS OF FUZZY GRAPH 

Consider P  as a nonempty set. The fuzzy subset of P 

is a function 𝜎 ∶ 𝑃 → [0,1] where 𝜎 is called the 

membership function 𝜎(𝑣) is called the membership 

of 𝑣 where 𝑣 belongs to the set P. Fuzzy relation is 

defined as  matrix which is known to be  Fuzzy 

relation matrix  

          M = [𝑚𝑖𝑗]  here  𝑚𝑖𝑗 = 𝜇(𝑣𝑖 , 𝑣𝑗)  
Here 𝜇(𝑣𝑖, 𝑣𝑗) represents the strength of relationship 

among 𝑣𝑖 and 𝑣𝑗. [13]   

 Adjacency matrix A of  fuzzy graph G = (P, 𝜎, 𝜇) is a 

(n x n) medium matrix denoted as  

          A = [𝑚𝑖𝑗]  here  𝑚𝑖𝑗 = 𝜇(𝑣𝑖, 𝑣𝑗)  
Let us take a fuzzy graph G: (𝑃, 𝜎, 𝜇)  

 

                         0.9         0.1              0.7 

       

 

                    0.4                                  0.6  

                  0.9 

                    0.6          0.2                   1 

 

                                 Figure (1) 

Adjacency matrix of above  figure (1) is  

           A = [ 0 0.1 0.9 0.40.1 0 0.6 00.90.4 0.60 00.2 0.20 ] ∗ The Eigen values of a Fuzzy graph G known as the 

Eigen values of its own adjacency matrix A.  

 ∗ Energy of  Fuzzy graph G known  as  sum of  
absolute values of Eigen values of G. It is        

     denoted by E(G).  [14] 

 

 Eigen values of  adjacency matrix A in the above 
matrix is given by -  

   [-1.0464, -0.3164, 0.1174, 1.2454] 

For the above graph E (G) {figure 1} = 1.0464 + 
0.3164 + 0.1174 + 1.2454 = 2.7256   

 

  BOUNDS  

If we consider weighted graph G of order n with 
edges 𝑒1, 𝑒2… . . 𝑒𝑛 , each edge with nonzero weight 

w(𝑒𝑖),then  

                         E (G)≤ 2∑ |𝑤(𝑒𝑖)|𝑚𝑖=1   
where equality holds iff each of  connected part of G 

has  the majority two vertices. 

 

If w (𝑒𝑖) ∈ [0,1] then it become particular case of 
fuzzy graph.  

We can restate theorem for fuzzy graph as--- 

If G= (P, 𝜎, 𝜇)   fuzzy graph having |𝑃| = 𝑛 ,  𝜇∗={𝑒1, …… 𝑒𝑚} then 

 E (G)≤ 2∑ 𝜇(𝑒𝑖)𝑚𝑖=1   

 

With respect to the membership values of  

vertices--- 

E (G)≤ (𝑛 − 1)∑ 𝜎(𝑣𝑖)𝑛𝑖=1   

 

If  𝐺∗ as a cycle and 𝜇∗ = {𝑒1, ……𝑒𝑛} then 

 E (G) ≤ 2∑ 𝜎(𝑣𝑖)𝑚𝑖=1   :         𝑣𝑖 ∈ 𝑃, 𝑖 = 1,2…𝑛. 
 

In terms of strength of the relation we can improve 

it as ---- 

If G = (P,𝜎, 𝜇)  as a fuzzy graph having |𝑃| = 𝑛  
and  𝜇∗={𝑒1, …… 𝑒𝑚}.If 𝑚𝑖 = 𝜇(𝑒𝑖) is the power 
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of  relation linked with  𝑖𝑡ℎ edge then equation (1) 

is---- √2∑ 𝑚𝑖2 + 𝑛(𝑛 − 1)|𝐴|2𝑛𝑚𝑖=1    ≤ 𝐸(𝐺) ≤ √2(∑ 𝑚𝑖2)𝑛𝑚𝑖=1        

 

   For the graph in figure (1) ---  

   E (G) = 2.7256   

   Lower bounds = 2.3238     

  Upper bounds = 3.3226 

      i.e.      2.3238< 2.7256 < 3.3226 

 
So we have satisfied equation (1) for the graph in figure (1). 

 

V. APPLICATION OF FUZZY GRAPH 

Let us consider an example of Fuzzy graph from 

reality. Take an example of social network of five 

friends named A, B, C, D, E shown in figure (2) below.. 

Here the number represents the degree of friendship 

among each other. [15][16][17][18] 

 

 

 

 

 

 

  
 

                                                                                     

                                         Figure (2)  

      Here number represents degree of friendship. The 

strong point of path is considered as weight (the 

membership value) of  lowest arc of the path between 

two vertices. 

Strength of connectedness among any two vertices r 

and s is definite as  maximum of the strength of 

every  paths between two vertices. It is denoted by CONN𝐺(𝑥, 𝑦) 
In graph {figure (2)} --- 

Path and strengths between two friends A and D are 

Path number Strength 

A→ 𝐵 → 𝐷 0.1 

A→ 𝐵 → 𝐶 → 𝐷 0.2 

A→ 𝐸 → 𝐷 0.3 

 

CONN𝐺(𝑥, 𝑦) = max {0.1, 0.2, 0.3}=0.3 

So the strongest path is A→ 𝐸 → 𝐷 

 

 

VI. CONCLUSION 

We discussed basic concepts about fuzzy graphs, its 

energy and analysis in social network. In future this 

concept and spectra of fuzzy graphs may be applied 

to various real life problems and can be discussed in 

forthcoming papers. 
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Abstract

The experimental study deals with assessment of strength and water absorption of cement stabilized
masonry blocks (CSMB) using brick masonry waste as prime ingredient. The brick powder (BP) is recovered
from brick masonry waste, and it is used in conjunction with natural fine aggregate (NFA) in production of
CSMB units. The size of CSMB specimens corresponds to 190 × 90 × 90 mm as per IS 1725:2013 and
prepared by applying compaction pressure of 3.0 MPa. Nine mix compositions are considered by varying
BP, NFA as 60:40, 70:30 and 80:20, respectively, with percentage of cement content as 8, 10, and 12. The
wet compressive strength of CSMB specimens is determined at end of 28 days, and the test results are
statistically analyzed. The average compressive strength of CSMB specimens in wet condition meets the
compliance requirement of 3.5 MPa for the different values of prime variants included in the study. The
water absorption characteristics are also in compliance with the requirement of being less than 18% in all
the cases. BP or NFA content has a relatively minor influence on compressive strength. However, it is still
justifiable to blend both of them in 70:30 proportions based on mouldability and availability considerations.
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Abstract. The onset of convective motion in a fluid saturated anisotropic porous medium layer 
is examined analytically in the occurrence of the qualitative effect of the source of variable 

internal heat. Three   different kinds of heat source functions:    i N z z (linear) 

    2
ii N z z (parabolic) and     3

iii N z z (cubic) are considered. The resulting 

eigenvalue problem was analytically solved using regular perturbation technique. A parametric 

study is carried out by varying the following parameters: the  heat source  parameter   ,  

thermal anisotropy parameter   ,  and  mechanical anisotropy parameter  .  Results 

indicates that the effects of the increasing values of  and    will enhance the convection of a 
anisotropic porous  layer system while the increasing of   will help to stabilize the system. It 
is also noted that for case (iii) the system is more stable, while for case (i) the system is more 
unstable 

Keywords: Heat source, mechanical anisotropy parameter, thermal anisotropy parameter 
 
1. Introduction 
Due to a large number of technical applications, such as energy storage, casting solidification, 
petroleum resources, filtration, crystal growth, chemical reactors, nuclear waste and geophysical and 
environmental applications, the study of convective motion in a horizontal porous matrix has received 
considerable attention. Similarly, in some physical problems, such as crystal formation, heat 
exchangers, geophysics, chemistry, nuclear waste and convective motion in biomechanics, variations 
in the heat source have their own significance. The various understandings of this subject are given in 
the books by Nield & Bejan[1] and[2]. 
 
Penetrative convection is a phenomenon that emerges from unstable equilibrium due to convective 
instability.  In several natural, astrophysical and geophysical phenomena, convection due to internal 
heating occurs. For instance, heating and cooling of lakes, triggering the pattern of granulation 
observed on the surface, and radioactive decay and much more as described [2].  An extensive 
literature on penetratory convection is available. In a system and in thermo-convective instability, Carr 

mailto:gangu.honnappa@gmail.com
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& Putter[3] investigates penetrative convection due to heat source strength and radiation plays an 
significant role. Straughan [4] defines the effect of radioactive heating through the lower bed to a non-
Boussinesq fluid layer.  Shivakumara et.al [5] performed the stability study for two layer system with 
heat source strength. Suma et.al [6] analyzed the combined effect of heat source strength and 
throughflow on two-layer system. Onset of Benard–Marangoni Convection in a Composite   
anisotropic porous material is analyzed by [7]. 

  
In recent years, more attention has been paid to the study of thermal convection in a different heat 
source role, and this is because many practical applications have a variable heat source effect. Rionero 
and Straughan [8] have been studied used the energy method for instability in presence of   heat 
gravity effects on the onset of convective motion in porous matrix. Suma et al.[9] and Gangadharaiah 
et al.[10] have studied the combined effect of  through flow  and variable gravity on the onset of 
convection in a fluid-saturated porous bed  using standard perturbation techniques. Nandal & 
Mahajan[11] is investigating the most recent effects of a various types  of heat source strength on 
fluid-saturated porous media. The stability due to variable heat source and variable gravity field was 
investigated by Mahabaleshwar[12] and Nagarathnamma et al.[13] by applying the linear stability 
principle using the Gelerkin method. In this paper, therefore, we analyze the effect of variable internal 
heat source on instability in   an anisotropic porous matrix.  
  
 2. Conceptual Model 
Fig. 1 illustrates the physical configuration of the present study. The physical model under 
consideration is a horizontal anisotropic porous bed bounded between planes at 0 &z   .z d   

 
Figure 1.   Physical configuration 

 
3. Mathematical Formulation 
The porous layer governing equations are’’: 

 0V                                                           (1)        

   10
0 01

V
p K V T T g z

t

   



        

   

                            (2)

              

   2
T

T
A V T k T Q z
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                                (3)

              
 

The basic steady state solution is of the form 

    , , , , 0 ,0 ,0, ( ), ( )b bu v w p T p z T z
  

                                         (4) 

 Then Eq.(3) can be written for basic temperature bT  as:  

 
2

2

1
0bd T

Q z
dz 

                                                                                                (5) 

Integrating the above equation twice, we get 

   
0

0

1 z

bT z Q d d Cz D



  



                                                                                                     (6) 

Applying the boundary conditions 
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 where the constant    
0

0

1 1
.

d

l uC T T Q d d
d d



  


      

Basic state is slightly perturbed using the relation given by  

 , ( ) ,b bp p z p T T zV V                                                                                                  (9) 

Small disturbance analysis  
We assume the solution are of the form 

 ,w T =      , i lx my
W z z e

        
                                                                                            (10)                  

           

The linearised equations governing the perturbation are  

2 2 21
D a W R a


 

    
 

                                                                                                                 (11) 

    2 2 1D a Ns N z W                                                                                                      (12) 

Where      N z q z F z C   with      N z q z F z C       1

0

z

with F z Q d     

is the heat source functions, 4 /T tR g d     is the Rayleigh number, h vk k  is an anisotropic 

permeability, and h vk k  is an anisotropic effective thermal diffusivity.  
The boundary conditions take the form 

0 0W DW D at z                                                                                                      (13) 
2 0 1.W D D W at z                                                                                                          (14) 

 
  
4 Analytical Procedure 
The analytical solutions of the eigenvalue problem Eq.(11)  and  Eq.(12)  are obtained by using a using 

regular perturbation procedure. Accordingly, the variables W, and    are expanded in powers of 2
a  

as 

     2

0

, ,
N

i

i i

i

W a W


  
 
                                                                                                               (15) 

2
0 0D W                                                                                                                   (16) 

 2
0 0D N z W                                                                                                                   (17) 

With the boundary conditions  

0 0 0 0 0W DW D at z                                                                                                      (18) 
2

0 0 0 0 1W D W D at z                                                                                                      (19) 

The solution to the zeroth
 order Eq. (16) and (17) by using boundary conditions in Eq. (18) and (19) 

are as follow: 

0 00 and 1W                                                                                                      (20) 
First- order equations are 

2
1D W R                                                                                                                                 (21) 

 2
1 1.D N z W                                                                                                                    (22) 
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With the boundary conditions  

1 1 1 0 0W DW D at z                                                                                                      (23) 
2

1 1 1 0 1W D W D at z                                                                                                         (24) 

The Eq. (21) to (22) will be solved for three cases of heat source variations for the three cases: 

   i N z z      2
ii N z z    and      3

iii N z z   and the equation of critical 

Rayleigh number  CR  will be obtained in term of  , .and    
   
 5. Results and discussion 
This research presents effects of variable heat generation in an anisotropic porous layer was 
analytically studied through a regular perturbation procedure. The boundaries are regarded rigid-free 
and insulating with a linear stability assessment. The outcomes collected are described graphically in 
figures 2-12 to show the effect of different parameters on the critical Rayleigh number, .CR   

The critical CR  is plotted against the  internal heat source  parameter Ns   for all three cases of 

variable heat function with  comparison between isotropic and anisotropic cases    are  displayed in 
figures 2 and 4   From  figures it can be observed  critical CR  decrease with an with increasing .Ns  
Furthermore, it is noticed that for the cubic  heat variation the system is more stable, while for the 
linear  heat  variation  the system is more unstable. Figures.4-6 presents the vertical velocity W   for 
various values of heat parameter    for all three different cases of heat variance.  It shows from all three 
cases    more accelerate W   in the absence of Ns .  
Figures 5- 7  displays the deviance of CR  is plotted against the mechanical anisotropic parameter, ,   

for different values of Ns   for all  three cases  variable  heat variance with 0.5.   It can be 

observed  from figures  the CR  decrease with an increase in the value of the mechanical anisotropic 

parameter. Finally from figures 5-7, on increasing the value of ,  we found that the value of CR  

decrease. The value of   is directly proportional to the x-direction permeability, xK of the porous 

matrix and inversely proportional to the z-direction permeability, zK of the porous matrix. This is due 

to the facts that increasing the value of xK will cause the size of the cell to become larger while 

decreasing the value of zK  will result in larger temperature difference between the lower and upper 
plate as reported by Degan et al., [15]. Furthermore, it is noticed that for the cubic heat variation the 
system is more stable, while for the linear heat variation the system is more unstable. 
The critical CR  with thermal anisotropic parameter,   for various values of  Ns  for all three type of 

heat variance are presented in figures 10-12.  It is noted that with increasing the value of   the value 

of critical CR  also increase. Increasing   is corresponds to decrease in vertical thermal diffusivity 

Tz  which will slow down the heat flow vertically through it. Furthermore, it is noticed that for the 
cubic  heat variation the system is more stable, while for the linear  heat  variation  the system is more 
unstable. 
 
6. Conclusions 
The stationary thermal penetrative convection via variable heating in a fluid saturated an anisotropic 
porous medium is investigated analytically using linear stability analysis. The resulting eigenvalue 
problem obtained from the governing equations are solved analytically by regular perturbation 

procedure. The study was conducted in three  cases of variance of the heat :    i N z z
 

       2 3.ii N z z and iii N z z 
   The CR  is obtained with the purpose of investigating the 
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effect of heat source parameter, Ns  , mechanical anisotropy,   and thermal anisotropy parameter, .   

Results show that the effects of increasing the increasing values of   and Ns   will enhance the 
convection of a porous layer system while the increasing of    and Da  will help to stabilize the 
system. Furthermore, it is noticed that for the cubic heat variation the system is more stable, while for 
the linear heat variation the system is more unstable. 

 

Figure 2. 
c

R   against Ns   for three  cases of  heat source variation. For isotropic case  

 

Figure 3. 
c

R   against Ns   for three  cases of  heat source variation. For anisotropic case  

 
Figure 4. Vertical velocity eigen functions W  for various values of Ns  for linear case    
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Figure 5.Vertical velocity eigen functions W  for various values of Ns  for parabolic case 

 

Figure 6. Vertical velocity eigen functions W  for various values of Ns  for cubic case 

 

Figure 7. 
c

R   against     for various values of  Ns  for linear case variation with 0.5.    

 

  Figure 8. 
c

R against     for  various values of Ns  for parabolic case variation with 0.5.    
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  Figure 9. 
c

R   against     for various values of Ns  for cubic   case variation with 0.5.    

 
  Figure 10. 

c
R  against     for various values of Ns  for linear   case variation with 0.5.    

 

 

 Figure 11. c
R   against     for different values of Ns  for parabolic   case  with 0.5.    
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  Figure 12. 
c

R   against     for different values of Ns  for cubic   case variation with 0.5.    
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4 Security issues and trust management
schemes in Internet of things

Abstract: Internet of things (IoT) is an emerging research field in the network do-

main and is applied to almost all the applications that can change the people’s

lives as smart. Moreover, in some cases, large volumes of sensitive data could be

generated. The number of security threats related to infrastructure, platform and

application of IoT has been increased over the last few years. Hence, it is necessary

to apply proper security solutions that ensure privacy and confidentiality of data.

To address the secure and reliable communication, various trust-based solutions

were introduced. Most of the nodes in IoT system are heterogeneous and have lim-

ited storage space. Many of the existing trust-based solutions could not be able to

achieve this requirement. This chapter provides a detailed review of the security

challenges and trust management techniques adopted for IoT to secure data in

a cloud environment.

Keywords: Internet of things, M2M communication, threat analysis, IoT protocols,

attacks

4.1 Inroduction

The term Internet of things (IoT) is very popular in current research and industrial

development [1]. In IoT, all the “things” also called as objects will be connected

cooperatively to provide seamless communication and smart services. This enables

“things” that can be accessed from anywhere at any time. In the beginning, M2M

(machine-to-machine) communication protocols were focused by many researchers

in the field of IoT, which are entirely different from the general communication of

network in the aspect of deployment environment and the characteristics [2]. Along

with the basic principles of authorization, integrity, authentication, availability and

confidentiality, the network and security and privacy of the information should be

equipped. IoT would be a significant part of the economy in the world rather than

the Internet.

IoT is a technological revolution that has recently become more important to

the real world as there are more than billion devices that connect to the Internet

due to the growth of smart devices, embedded and ubiquitous communication tech-

nologies. The main components of IoT are the sensor, actuator, network, platform,

services and users. IoT devices are combined with the cyber world to provide many

smart services for different application domains like agriculture, energy, health

care, retail market, logistics and industrial process [3]. They generate large volumes
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of data that are valuable but not protected due to the nature of device constraints.

The wireless sensor network (WSN) is one of the most important parts of IoT to col-

lect data from end devices.

IoT and big data analytics are the promising technologies that address next-

generation intelligence for various applications [4]. IoT applications promise to

bring immense values into our lives. With newer wireless networks, superior sen-

sors and revolutionary computing capabilities, the IoT could be the next frontier in

the race for its share of the wallet [5]. A growing portion of IoT devices will be cre-

ated in future, which includes connected vehicles, home automation, wearable

technology, connected health, health-care analytics, industrial automation, smart

agriculture, environmental monitoring and appliances with remote monitoring ca-

pabilities [6–8].

The communication between the IoT devices, cloud platform and users should

consider proper security solutions to protect data because the sensor devices have

limited capacity of power, computation and memory. IoT-enabled services are par-

ticularly creating and facing new challenges in security and privacy concerns. All

the devices in the IoT are still subject to traditional security issues such as data con-

fidentiality, integrity, availability and privacy. Intruders or attackers can target the

data violation, bandwidth consuming and utilizing processing capacity of devices

in the IoT-enabled network. The designing of security measures in IoT is quite chal-

lenging and should address the secure communication between sensor to sensor,

the sensor to a gateway, gateway to server and server to the user.

4.2 IoT network components

IoT is an emerging and fast developing technology that connects billions or trillions

of heterogeneous devices. The transformation process of interfacing, objects and

smart devices to the network in order to function proficiently and remotely is the

main objective of IoT. IoT is visualized as a completely connected world that makes

it possible to represent the real world in a digital manner. The network intercon-

nected devices implanted in the physical environment to improve the existing pro-

cess [9]. Figure 4.1 illustrates various components of IoT network. IoT application

covers most of the real-world business market like smart cities, industries, smart

health and smart logistics.

4.2.1 IoT device

A sensor or an actuator along with the communication component constitutes an

IoT device [10]. The principal component of IoT is sensor, which transmits the infor-

mation gathered from the surrounding environment to the cloud server. There are
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numerous sensors available for various applications. Some of the usually utilized

sensors are pressure sensor, sound sensor, temperature sensor, moisture sensor,

light sensor, humidity sensor and others, in current and future applications.

Sensors such as accelerometers are used for patient monitoring, biosensors for food

testing, image sensor in surveillance, motion detectors in games and simulations.

IoT devices can make decisions locally, after aggregation and filtration of the

collected information whenever central or global control is not required, reducing

the processing and data transmission. By nature, IoT devices are heterogeneous,

which vary in terms of communication protocols, computational and storage

capabilities.

4.2.2 Connectivity

Connectivity represents the medium through which the gathered information from

the IoT device is sent to the cloud infrastructure. The communication protocols

such as Wi-Fi, ZigBee, radiofrequency identification, near-field communication, cel-

lular networks, Bluetooth, wide area networks and satellite networks can be used

to transport the collected data from the sensor to the cloud infrastructure [11]. Low-

power wireless technologies such as Bluetooth, Wi-Fi, LoRaWAN and Z-Wave con-

nect the smart devices and the sensors. Connectivity has its own advantages and

disadvantages in terms of data transfer rate, efficiency and power.
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Figure 4.1: IoT network components.
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4.2.3 Gateways

The data traffic between protocols and various networks are managed by the IoT gate-

way in a bidirectional manner. Gateway ensures the interoperability of the associated

devices and sensors, also the translation of various network protocols. Configuration of

the gateway includes the local preprocessing of the information gathered from a huge

number of sensors before transmitting to the subsequent stages. In certain situations, it

would be important due to the compatibility of the protocols such as Transmission

Control Protocol (TCP) and Internet Protocol (IP). The information is transmitted

through the IoT gateway ensuring network security with higher encryption standards.

In order to protect the network from unauthorized access and malicious intruders, IoT

gateway acts as a middle layer between the cloud and the devices.

4.2.4 Cloud

IoT generates large volume data from devices, applications, and users which must

be managed in an efficient way. IoT cloud offers many service tools to collect, pro-

cess, manage and store huge amount of data in real time [12]. It also provides

a predictive analytics-based solution to enhance processes and products. To manage

billions of devices and data traffic, IoT cloud is provisioned with high-performance

server and storage. The application server, storage server, authentication and autho-

rization server, message broker and IoT platform are the main components in the

IoT cloud.

4.2.5 Services

An application consists of single or multiple services. It monitors and collects data

from IoT devices and manages to store data. Further, it handles user authentication

and access control policies. For example, in the smart city application environment

monitoring, smart parking, transport system and water monitoring are the main

services [13].

4.2.6 Users

User interface in the cloud environment provides the facility to interact user with

the devices through different services [14]. By registering with different services,

user can able to get the status of the devices and control it from anywhere. If any

changes happened in the devices, the system generates alert and based on that

user can react.
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4.3 Security in IoT

In day-to-day life, the number of interconnected things drastically increases in vari-

ous domains like industries, logistics, health and smart cities. More than 50 billions

of interconnected devices are expected by 2020 [15]. Moreover, most of the IoT devi-

ces are resource-constrained devices due to their limited processing, memory and

battery resources. When IoT devices are connected to the Internet, they are more

vulnerable to the malicious attackers than PC and smart phones [16]. IoT devices

generate a huge amount of valuable data like user location, health details and

home security details that are unsecured due to lack of proper security protection.

IoT devices must authenticate themselves for each data communication be-

tween the server. When the IoT device or user wants to connect to the network, it

should correctly identify their identity and credentials to grant access for authoriza-

tion [17]. IoT is an emerging and fast developing technology but has no proper refer-

ence model and standards. It leads most of the security solutions that are not

applicable to the IoT environment. New security solutions should be implemented

to enhance the protection level of the IoT devices [18]. The explosion of the number

of devices and users generates a large amount of data and it brings a new set of risk

and security threats. The important challenges due to various technologies that

drive and move forward the IoT into next level are discussed by Tan et al. [19].

Through the study of existing available resources, it has been clearly stated

that IoT devices and users are severely affected by various security threats. Major

security issues in IoT are the insecure network services, insecure web interface, in-

secure mobile interface, insecure cloud interface, insufficient authentication, insuf-

ficient authorization and lack of security configuration. Hence, it leads to a serious

requirement for analyzing different security challenges in the IoT network.

Proactive measures such as cryptography and authentication are implemented

as a first-line defense method. These mechanisms effectively protect the attacks

from outside the network but fail to detect them from inside the network. The reac-

tive measures are detection mechanism that dynamically monitors and decides

whether the events are normal or of an attack. This research focuses on the reactive

mechanism.

4.4 Security threats

The number of security threats directly relates to IoT devices that have increased

over the last years [20]. The threats and risks are listed in Table 4.1. It shows that

attacks take place at different levels in the infrastructures and throughout the pro-

cess involved in the IoT ecosystem. The major attacks and their impacts are dis-

cussed in this section.
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Table 4.1: Security threats and impacts.

Threat IoT

device

Platform Infrastructure Data Communication Decision Application

Malware ✓ ✓ × × × × ×

Exploit kits ✓ × ✓ × × × ×

Targeted

attacks
× ✓ ✓ ✓ × × ×

DDoS ✓ ✓ ✓ × × × ×

Counterfeit ✓ × ✓ × × × ×

Attacks on

privacy
✓ ✓ × ✓ × × ×

Modification of

data
✓ ✓ × ✓ × × ×

Man in the

middle
✓ × × ✓ ✓ × ×

Protocol

hijacking
✓ × × ✓ ✓ ✓ ×

Session

hijacking
✓ × × ✓ ✓ × ×

Data

interception
✓ × × ✓ ✓ × ×

Network

reconnaissance
✓ × ✓ ✓ ✓ × ×

Data gathering ✓ × × ✓ ✓ × ×

Replay of

messages
✓ × × ✓ × ✓ ×

Data leakage ✓ ✓ × ✓ × × ×

Software

vulnerabilities
✓ ✓ ✓ × × × ✓

Device

modification
✓ × × × ✓ × ×

✓ represents the impact; × the no impact
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4.4.1 IoT attacks

Against IoT device

This type of attackers modifies the configuration of sensors and actuators like

generate out-of-range sensor values and changing the threshold value of the sen-

sor to detect the event during installation time. Due to wireless nature, sensor net-

work has led to the vulnerability of attacks either from inside or outside the

networks. If one sensor were compromised, it could be identified by using the

readings obtained from another sensor [21]. But in IoT, large number of sensors

are deployed and attack also targeted to multiple devices at the same time. Packet

dropper, data modifier, selfish node, Sybil, node replication, flooding, distributed

denial of service (DDoS) and man in the middle are some of the attacks found in

sensor networks [22–29].

Against server

This type of attacker comprises different stages to gain the server admin control of

an IoT system [30]. It can be easily achieved if a weak authentication method is

used. An attack in IoT admin server could affect the communication between devi-

ces and disabled the devices.

Against the network link between controller and actuators

The main impact of this type of attack is the leakage of sensitive and operational

information. The advanced persistent threat (APT) attacks, eavesdropping and in-

formation gathering are the types of attack that identify a weak spot in the network

and devices and further it can able to do attack and malicious activities [31].

4.4.2 Method of attacks

Exploits

This type of exploitation is successful. It creates an entry point to the system and

may crash the system, making it as the unstable one. These exploits are generated

by malware and are used to get access to an unauthorized restricted system. It is

worked as part of a larger attack and leads to launch of other malicious contents to

the network.
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Command inject

This type of attacker launches or injects command into IoT devices and executes

malfunction remotely through a console. If one system is getting compromised

through that machine, then the attacker is able to attack another system in the

same environment. It creates a chain of multiple compromised devices.

Steppingstone attack

This is one of the anonymous attacks used by the intruders by hiding their identi-

ties. In the first step, the attacker compromises some nodes in the network. Then by

using that compromised node identity, attacker moves a step forward to attack an-

other set of nodes in the network. Further, this process is continued to attack the

entire network.

IoT botnet

This type of attack finds the list of vulnerable devices in IoT by sending exploits

and enrolling them into botnet after that it launches a DDoS attack, flooding attack,

and targets the server with malicious traffic [32].

Ransomware

It has many possible targets within the IoT through malware patching into the sys-

tem. This type of attack blocks the access of data from the victim and also its re-

quest to pay for access grant. It can able to hold a power grid, a smart thermostat

and a hospital system, and makes the risk for the safety of the people [33].

4.4.3 Security challenges in IoT

Security is a very important aspect as well as a challenge for implementing IoT sol-

utions, rather than considering the benefit of IoT, where inappropriate access and

privacy are the main categories of the top list [34]. Moreover, it is necessary to main-

tain proper authorization because these devices are open networks in which any

device can join and communicate with any other devices [35]. With the adoption of

new technologies, the IoT environment has become complex, and privacy issues

have become more complicated [36]. Furthermore, because of terminal equipment,

network structure, scene and other factors of IoT, these concerns are rising,
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respectively [37]. Moreover, with a traditional firewall or authentication, protocols

or keychain pair might not offer a solution [38].

From the aspect of security and technology, the safety of IoT especially accesses

control of miniaturized things that have become the most challenging one. Hence,

the access control system (ACS) design will address features such as a solution to

eradicate the threats of privacy and security, related with IoT, the solution to protect

security [39]. Most of the existing access control methods are based on role-based ac-

cess control (RBAC), attribute-based access control (ABAC) and access control list

(ACL) [40].

ACS allows accessing resources like IoT device, sensor or URL file only for

authorized users [41]. Due to lower bandwidth in IoT devices, low power

requirements, ad hoc and distributed systems nature, a unique set of access con-

trol challenges are increasing. The standard authorization models must be ana-

lyzed in depth before applying them to the IoT.

The role of wireless infrastructure in IoT applications is expected to become more

prominent with the deployment of mobile nodes and WSNs [42]. If the WSNs are

being open to Internet connectivity, it becomes more vulnerable to attackers from

anywhere in the world [43].The important challenges due to various technologies

that drive and move forward the IoT into next level are discussed in this section [44].

Availability

To achieve persistent connectivity between end devices, users and their respective

services, new technologies have to be designed [45]. The power constraints of light-

weight endpoints should be addressed in secure communication. Low-power wide

area network should be implemented with the same level of security used in recent

mobile communication [46]. During the migration of the IoT endpoints across net-

work boundaries, the same level of security should be supported by the multiple

mobile operators [47], which need to address how the network trust can be for-

warded from gateway to endpoint communication.

Identity

In an IoT product or service echo system end-point device should be securely

identify itself to its peers and services. This is a critical and fundamental aspect to

guarantee the data is being delivered to the certified peers and services [48]. In

IoT environment services and peers should verify the identity of the end-user and

end-point device. Focusing security technology should be capable of securely au-

thenticating peers and services. The identity of a device should be secured from

tampering and manipulation.
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Privacy

Privacy must be designed to ensure that each action is authorized, device iden-

tity is verified, and the data are not exposed to unauthorized users [49]. All the

physical world entities are directly affected by digital world actions. It should be

considered during the design of the architecture of the endpoint device or

service.

Scalability

Scalability is defined as that increase in the number of nodes after the deployment

of WSN [50]. The expansion support of the networking protocol is very important in

the design of the protocol. The design of the services, protocols and the endpoint

devices should ensure that they are scalable under varying load conditions.

Secure routing

Routing and data forwarding is an important service for allowing communication in

WSNs and IoT [51]. Existing routing protocols suffer from several security

vulnerabilities.

To overcome different security threats in the IoT network, the trust-based mech-

anism is developed; hence, the next section provides a detailed review of existing

trust-based security mechanism adopted in IoT

4.5 Trust management in IoT

This section briefs the existing trust management (TM) schemes and their related

application. Further, the challenges in trust-based security solutions and the out-

come of this survey are outlined.

4.5.1 Trust management

TM plays a vital role in IoT for enhanced user information security and privacy, for

the process of data fusion and data mining and for the qualified data services with

intelligence, whereas reputation is a measure to assess the trust level which is put

into an entity that is derived from the experiences or knowledge (direct or indirect)

on earlier interactions of entities [52].
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Trust

The behavior of the node or data is classified as good or bad based on the trust

value. A trustor and a trustee are the two entities involved in a trust relationship,

and for mutual benefits, they rely on each other. The relationship of trust resides in

the context such as the trust environment, the purpose of the trust, and the risk of

trust [53].

Direct trust

Direct trust is a technique which is based on experiences or observations, direct inter-

actions between the two entities that are the trustor node and the trustee node [54].

Indirect trust

In indirect trust, there are no past interactions or experiences for the trustor and the

trustee. In such a scenario, based on the recommendations and opinion of the other

nodes trust is built [55]. Indirect trust can be established if a subject node cannot

directly observe the communication behaviors of the object node.

Recommended trust

Recommended trust calculates filtered reliable recommendations. The third-party

recommendations are not reliable. Therefore, an effective solution needs to be ad-

dressed to detect and filter unreliable recommendations [56].

4.5.2 Trust management model

Most of the existing work calculates the trust value based on node behavior. In the

wireless multihop environment, cooperation among neighbor nodes is important.

The various applications of trust-based solution for the wireless environment are

data aggregation, routing, node selection, localization and malicious attacker de-

tection. Based on the management scheme, trust models can be classified into cen-

tralized and distributed. In the distributed approaches, all the participating nodes

can be able to calculate their trust values. The base station or any server is used to

calculate the trust value for all nodes in the centralized approach. This approach

may not be suitable for all applications because this management consumes more

energy. In the IoT context, both distributed and centralized approaches can be used
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in the different level. The distributed approach is used for device–device communi-

cation and centralized approach is used in the user ACS [57].

Several studies developed TM models to enhance security and privacy but based

on the architecture modeling of IoT [58]. This research splits IoT into three layers

based on the network composition of IoT, namely the application layer, the core

layer, and the sensor layer. TM mechanism is deployed in these layers for multiser-

vice, effective routing and malicious detection [59]. The selection of metrics is based

on the kind of attacks that we are going to defend. In each layer different metrics are

collected for trust calculation. The selection of a computing method is also an impor-

tant one. Some of the methods are a weighted average method, probability theory,

fuzzy logic, game theory and machine learning concepts. The trusted authority or

ACS is responsible for taking the final decision based on trust information.

4.5.3 Trust-based applications

TM scheme provides solutions for security issues in routing, clustering, target local-

ization, malicious node detection and ACS. In this section, applications of trust

model are discussed.

Routing

Routing is generally carried in IoT for the sensor network, which is used for multi-

hop communication [60]. From the sensor devices, data should be forwarded

through intermediate nodes to the base station or gateway. Presence of malicious

nodes in the network causes the routing behavior. This section discusses the imple-

mentation of secure routing through TM scheme.

Airehrour et al. [61] introduced a lightweight trust-based routing framework

called SecTrust. The trust value is calculated based on the past successful interac-

tions of the IoT device communication. Based on the trustworthiness, routing at-

tackers are isolated from the network.

Khan et al. [62] illustrated a resilient routing mechanism for low power and

lossy network using the trust. Each node in the network computes trust value using

trust metrics like belief, disbelief and uncertainty.

Cluster

The IoT devices are grouped together to form a cluster. The clustering method pro-

vides an efficient way to forward data from devices to base station or gateway.

Cluster-based techniques in IoT achieve energy efficient by minimizing the number of

84 R. Thirukkumaran and P. Muthu Kannan



control packets used in network communication. The selection of cluster head (CH) is

challenging in terms of selection parameter and selection method. Many techniques

were proposed to select CH and cluster member (CM) assignment. The CH selections

are broadly classified as centralized and distributed. In IoT context distributed

approach gives good performance [63]. CM senses the environment and sends the

information to CH. Further, it forwards to base station or gateway in most of the IoT-

enabled WSN application scenario. Many trust-based solutions and access control

methods are proposed for secured communication [64]. The objective of secure, en-

ergy and bandwidth-aware CH selection is not addressed by many of the research

work. In general, CH is elected based on node degree, delay, distance and energy.

Rani et al. [65] illustrated a minimum energy consumption chain-based cluster

coordinator algorithm (ME-CBCCP) for the energy-efficient IoT. A hierarchical net-

work design was introduced based on different communication levels like local

cluster communication, intercluster communication and cluster-to-base station

communication. The cluster coordinators balance the load of the CH. The network

lifetime and delay performance of the ME-CBCCP were analyzed.

Tsai and Chen [66] presented virtual CH election method for the WSN. By apply-

ing virtual ID concept, it avoids nearby CHs and also fully covers all cluster nodes.

For energy-efficient CH election highest residual energy parameter is also consid-

ered. The performance analysis carried in terms of the number of live nodes, energy

consumption and the number of CH elected.

Praveen Kumar Reddy and Rajasekhara Babu [67] demonstrated the CH election

method using the combination of gravitational search algorithm and artificial bee

colony algorithm for the IoT-enabled WSN. It takes the distance, delay, energy,

load and temperature parameters of the sensor devices to select the CH. The perfor-

mance of this algorithm analyzed in terms of network sustainability and conver-

gence evaluation.

John et al. [68] introduced a dynamic CH election method for IoT applications.

The large-scale network area is divided into small clusters with a minimum cover-

age area by using the Voronoi diagram. The CH is selected at two stages. First one

is based on perceived probability and the second one is based on survival time esti-

mation method. The performance analysis shows the improvement in energy sav-

ings and network lifetime.

Karthick [69] demonstrated a secure and energy-aware routing protocol for the

WSN. At the initial stage, k-means clustering is used later on based on link quality

appraisal parameter of nodes’ grade points. By using trust and distrust concept, se-

cure path is established. The performance of the proposed system is analyzed in

terms of throughput, delay and energy consumption.

Bader et al. [70] presented a CH selection scheme for IoT-enabled sensor net-

work by using trust value. Only the trusted nodes were selected as CH. The trust

value is computed based on successful interaction. The forgetting factor is used to

assign a different weight value for old entries in the history.
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Secure localization

Target localization and tracking is an important application for IoT. To track the

exact location of the moving object and to find the event-generated position are

challenging one. The location spoofing attacks are the major risk of implementing

localization in IoT. The localization method utilizes the reference position informa-

tion from the neighbor nodes. If the reference node is a malicious node, then the

result of the localization will get an error. Several existing methods are proposed to

avoid malicious nodes. This section discusses some of the secure localization meth-

ods used in IoT environment.

Zhang et al. [71] demonstrated secure localization using a trust evaluation

method called trust-based secure localization. Final trust value is computed based

on identity and behavior. The identity is evaluated based on an authentication

method. If the authentication fails, the parameter is set to zero. The behavior evalu-

ation parameter is calculated by using both self-evaluation and reference evalua-

tion method. It uses transmission radius of the beacon node and distance between

the position claimed node and the position estimated node. For the attackers, the

final trust value will be low. To find the localization of the node, the reference loca-

tion information is gathered from trustworthy nodes. This method ensures the se-

cure location information.

Chen et al. [72] presented a detailed survey about security and privacy issues in

localization, location information and location-based services. Cryptographic solu-

tions were addressed to secure localization.

Zhang et al. [73] presented the framework of secure location of things for geo-

spatial tagging in the IoT. Further, the impact of spoofing attacks in traditional lo-

calization algorithm was analyzed. Based on the reachability of access point the

suitability information is scored. This algorithm calculates the maximum likelihood

estimator to find the tag location.

Access control system

ACS allows accessing resources like sensors, actuators, medical equipment and

data in the server only for authorized users. Due to lower bandwidth between the

Internet and IoT devices, low power requirements of IoT devices, network ad hoc,

systems distributed nature, a unique set of access control challenges are presented

by IoT. The standard authorization models must be analyzed in depth before apply-

ing them to the IoT, which includes RBAC, ABAC and ACL.

Mahalle et al. [74] presented trust-based access control using the fuzzy approach

based on identity management using the trust level. To address access control in IoT,

the fuzzy-based approach for trust calculations deals with the linguistic information

of devices. Simulation results demonstrate that the fuzzy approach for trust-based
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access control guarantees scalability and it is energy efficient. Finally, the most im-

portant works that emphasize access control in an loT environment are discussed.

Yeh et al. [75] developed a technique of cloud-based fine-grained in health care

for access control using lightweight IoT devices with attribute revocation functions

and data dynamics auditing. This proposed scheme handles the problem of cloud

reciprocity, wherein cloud service providers reduce the amount of data loss that oc-

curs in the network system. Experimental analysis of the results shows that the pro-

posed approach exhibits significant security analysis and performance comparisons,

which makes it an excellent design for cloud-based PHI system.

Authorized users of each resource are stored by the ACL, that is, the matrix of

access control that stores in a row-wise order. This is a major challenge for IoT be-

cause it is hard to update the user list in a distributed system due to low processing

power in devices [76].

A widely used protocol is an RBAC system that designs and builds access con-

trol. It provides security for the system regarding authorization, but the ACS and

authentication provide critical functionalities even in the Internet resource access.

Further, there are three perspectives of role-based access model such as the end

user, access control and administrator [77].

A different approach to authorization is provided by ABAC as it provides access

based on specific attributes of the user [78]. By combining both attributes and other

data such as Mac address, the location and IP address, this method provides

a better ACS. It combines various attributes to make a context-aware decision in-

stead of using an authorized user role for a sensor at runtime [79].

4.5.4 Challenges in trust-based security solutions

Trust and reputation system face some of the challenges such as heterogeneity,

scalability, infrastructure, identity, integrity, and network resources.

Trust and reputation systems must consider the heterogeneity as the first chal-

lenge. Because the future Internet will exhibit high heterogeneity levels like web-

enabled, digital virtual and cyber-physical [80]. The second challenge is scalability.

To stay fully functional, the trust and reputation system must scale with the growth

in the number of devices [81]. Trust and reputation systems must consider infra-

structure as the third challenge. Because it collects information from the public

area. Most of the entities need others to interact with them and also they must be

able to find them within the network [82]. Both challenges and the opportunity to

improve security are offered by identity management in IoT [83]. The underlying

mechanism and identity of things are not the same, and it is the most important

aspect of this challenge [84].

The prevention of unauthorized modification to hardware and software is en-

sured by the concept of integrity. Authorized or unauthorized personnel does not
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do an unauthorized modification of data, and that data should be internally and

externally consistent [85]. The last challenge is exhibited from connections of vari-

ous things and different network capabilities [86]. This means that bandwidth,

availability and the latency difference must be considered especially if certain as-

pects of the interactions are critical in a time.

4.5.5 The outcome of the survey

To design efficient trust-based security solution, the following set of points needed

to be considered:

Trust model should be lightweight and easy to implement. Trustworthiness of

the nodes should be continuously updated. If the numbers of interactions between

the nodes are increased, the trust value can be able to achieve a good level of accu-

racy. For the recommendation approaches, we need to select proper filtering and

aggregation models to remove unwanted recommendation. Trust model should con-

sider different attacks. Need more flexibility to integrate data trust, device trust and

user trust based on the application use-case.

4.6 Conclusion

To protect the data in an IoT network, TM scheme has been widely used and hence

this review examines the TM scheme for securing data in the IoT in different as-

pects. The chapter reveals that even though the TM scheme provides a significant

advantage for various threats, yet it requires some effective modification.
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Abstract:
Histopathological examination of tissue models is basic for the conclusion and reviewing
of colon malignancy. In any case, the technique is subjective and prompts imperative
intra/bury spectator distinction in the examination as it predominantly relies upon the
graphical evaluation of histopathologists. Thus, a tried and true PC supported
technique, which can naturally group harmful and ordinary colon tests are required;
however, automating this strategy is demanding because of the nearness of exceptions.
In this paper, a productive technique for identifying colon disease from biopsy tests
which comprise of four imperative stages. DB-SCAN estimation to distinguish colon
tumor from biopsy tests is presented in this paper. In the proposed approach, from the
outset, the colon biopsy tests are preprocessed using DB-SCAN configuration to make
a set of redundant localities in which groups or clusters are formed. At that point, the
exceptions inside the bunched areas are created as a tree structure in light of the choice
tree in which the anomalies are hubs, and the connection between hubs are delivered
based on data about exceptions. At that point, entropy-based exception score
calculation will be done on every hub of the tree. The Information picks up technique is
utilized to figure the score for the exceptions. At long last, score based grouping is
accomplished to order the ordinary or harmful cells. Experimental trials exhibit, the
proposed strategy has better outcomes contrasted to existing strategies. It furthermore
acclaims that the proposed procedure is adequate for the colon tumor identification
process. The proposed strategy is executed on Matlab working platform and the
investigations exhibit that the proposed technique has high accomplished high grouping
precision contrasted and different strategies.
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I. Introduction
The malignant growth in the colon or large intestine is considered as
Colorectal Cancer (CRC). CRC is the leading cause of cancer-related
deaths in the modem Industrial World, which is almost a half-million
demise of inhabitants every year. The cancer of the large intestine
emerges from accumulated hereditary and epigenetic mutations. This
provides a basis for stool examination to identify tumour-specific
mutations. In many instances, CRC starts with way of minor
noncancerous (benign) clusters of cells called polypoid adenoma[1] [2].
In time some of these polyps became colonized and the main cause of
this type of cancer was chain-smoking; in any case, there is an
assortment of components that exist, for example, the family ancestry of
colon cancer, age, and inconsistent regimen of food, for example, low
utilization of natural items/vegetables and high consumption of meat.
Frequently cancer cell development in the colon or rectum will possibly

assault or spread to various portions of the body and thus everybody
should be aware of the preceding side effects [3] [4].
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Abstract:
Network on Chip (NoC) connects multiple cores on a single chip. Traditionally input
queued routers were used to arrange packets in a fixed order in a Virtual Channel (VC).
This leads to Head of Line (HoL) blocking and increased latency. To address this issue,This leads to Head of Line (HoL) blocking and increased latency. To address this issue,
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I. Introduction
NoC is a promising interconnect network over convention bus technique.
The efficiency of NoC is observed in terms of latency, throughput and
power consumption. The network interconnect consists of routing,
topology and flow control. The routing techniques help packet to choose
its path. The topology depicts the arrangement of nodes and its
channels. The flow control finally allocates the buffer and channels,
when a packet is traversing its path. A single physical channel can be
divided into multiple VCs. A VC consists of a buffer that can hold one or
more flits of a packet and its associated information. Therefore,
efficiently utilizing VC flow control can improve the performance of NoC.
However, uniform VC allocation may not be the efficient allocation
scheme as it may result in power and area overhead. Non Uniform VC
allocation [1] allocates VC based on the traffic requirement hence
upgrades the throughput but compromises on latency. Static VC
allocation scheme [2] can avoid deadlock and minimize the routing

distance when two or more VCs are available. The authors in [3] have
compared 2D hexagonal and 3D mesh networks. The authors in [4]
proposed a novel method to enhance the performance and optimize the
area in NoC. The motive behind various VC allocation schemes is to
limit the use of buffers and improve the latency by forwarding the flits to
their respective destination without much delay. The authors in [5]
suggested a scheme for addressing power issues in NoC.
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The use of machine learning in healthcare explores the possibility of
predicting the possibility of a disease or classifying the data in such a
way that it is able to predict if a person has a disease or not. Application
of machine learning algorithm has shown promising results in this field
[1]. Supervised and Unsupervised techniques are two major categories
in machine learning. While supervised method trains the algorithm with
some known data, unsupervised learning doesn't provide any training
set to the algorithm, but rather it has to find patterns in the data by itself.
From the literature, it has been identified that usage of individual
machine learning techniques has been tested in various applications at
large [2]. It is also understood that combining right techniques in proper
proportion can improve the results in a way that the advantages of each
method can be tapped to create better efficiency in predictive
performance.

Sign in to Continue Reading

IEEE Account

» Change Username/Password

» Update Address

Purchase Details

» Payment Options

» Order History

» View Purchased Documents

Profile Information

» Communications Preferences

» Profession and Education

» Technical Interests

Need Help?

» US & Canada: +1 800 678 4333

» Worldwide: +1 732 981 0060 

» Contact & Support

       

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity. 
© Copyright 2021 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

About IEEE Xplore Contact Us| Help| Accessibility| Terms of Use| Nondiscrimination Policy| Sitemap| Privacy & Opting Out of Cookies|

IEEE websites place cookies on your device to give you the best user experience. By using our websites,
you agree to the placement of these cookies. To learn more, read our 

Accept & Close
Privacy Policy.

https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvgh-wfyGorPSRIv1P9lVvXLqUYwff35vClgv3EzzNY1TYktvTfH8SJZGNlr-pg0NVK2cw5cPqfVOIoIkJVrIFcSezKtjlvz1zdnHkbTR1MgD1LiY4nNVMtpYrON6LgEZFOyobOfwuCND2QE3u6x6pHFa8GtYSKy_qj6DcY2GlnawMNcHObLTIpkwiNmtFRwFA_S6QIvObn5nROGM97J4jcph1NvNkG7Zgn7wL5HROiNv0Z_wTCFJJFGtoP9djMB_bpRWiA1gvtQcJZXlLGlhCaXpzeVAFdxMZqAXrPVZPuNTWaE3-X5AkpNF3z&sig=Cg0ArKJSzBLN4WwW-csk&fbs_aeid=[gw_fbsaeid]&adurl=https://open.ieee.org/%3Futm_source%3DXplore%26utm_medium%3DXplore_Ads%26utm_campaign%3DCall_For_Papers_2021
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html
https://www.ieee.org/about/help/security_privacy.html


1.

2.

Analysis and Forecast of Heart Syndrome by
Intelligent Retrieval Approach

Intelligent Computing and Innovation on Data Science pp 507-515 | Cite as

Noor Basha (1) 
K. Manjunath (2) 
Mohan Kumar Naik (3) 
P. S. Ashok Kumar (4) 
P. Venkatesh (5) 
M. Kempanna (6) 

1. Department of CSE, VIT, , Bengaluru, India
2. Department of CSE, Govt. Polytechnic, , Chennasandra, Bengaluru, India
3. Department of ECE, NHCE, , Bengaluru, India
4. Department of CSE, DBIT, , Bengaluru, India
5. Department of TCE, DBIT, , Bengaluru, India
6. Department of CSE, BIT, , Bengaluru, India

Conference paper
First Online: 15 May 2020

231 Downloads

Part of the Lecture Notes in Networks and Systems book series (LNNS, volume 118)

Abstract

At present scenarios in the world, heart disease analysis and prediction are two demanding factors to be
faced by the doctors that are very ridiculous, and in this regard, health industries will generate enormous
amount of data. To reduce huge range of deaths from diseases like heart disease, cancer, tumour and
Alzheimer’s disease, doctors must find the rapid and effectual analysis and detection techniques to be used,
where various algorithms are used to learning the machines and create very important responsibilities in
study and prediction of various diseases in humans. The key intension of this article is characterized on
forecasting and analysis of various heart-related syndromes in patients with wide range of age by means of
machine learning algorithms and techniques. In this case study, many parameters are considered to do
analysis and predict heart disease of patients, where KNN, logistic regression and decision tree algorithm
are used to calculate accuracy and performance.
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I. Introduction
The increasing energy demand followed by a need to reduce carbon
emissions has necessitated shifting to alternative and cleaner renewable
energy sources (RES). Since the past few decades, many types of RES
have been explored and solar photovoltaic (SPV) in particular, has
gained prominence for distributed generation systems (DGS). Small-
scale electric power generators (typically few Watts–50MW) that
produce electricity at consumer site and supply to the load (stand-alone)
or the grid (grid-connected) are generally referred to as DGS [1]. Single-
phase SPV grid-connected DGS with a power rating up to 6kW can be
designed using single-stage or two-stage power processing unit(s). In
the latter case, the first stage consists of an SPV array connected to a
dc/dc converter that tracks the maximum available power and boosts the
SPV voltage. A dc/ac inverter stage is then connected that delivers
power to the grid and provides other ancillary services. A voltage source
inverter (VSI) is a well-researched, established and popularly used for

dc/ac stage. It is a buck type of inverter. Also, a step-up transformer of
low-frequency or high-frequency type can be used in place of a dc/dc
converter to boost the SPV voltage. A transformer provides galvanic
isolation and offers high impedance to the flow of leakage currents. But
two-stage systems are bulky, resulting in low efficiency and have
complex control circuits. When a transformer is omitted, advantages like
high efficiency and high-power density at a reduced cost can be possible
[3].
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I. INTRODUCTION
In the early 19th century, PM excitation was not implemented in
electrical machines because of the poor quality of permanent magnet
(PM) materials. Alnico's invention rejuvenated the PM excitation system
but it was restricted to small and fractional horse power dc machines [1].
The squirrel cage induction motor became popular in industrial
applications due to the advances in power electronics. PM brushless DC
(PMBLDC) motor was developed due to the poor efficiency and power
factor of the squirrel cage induction motor than the synchronous motor
and speed, noise and EMI problems of the synchronous motor.
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Abstract

In Wireless Sensor Networks packet drops will damage the network performance and is related with the
security issues of the network. Usually packet drops are due to unstable channel, huge traffic and lag of
routing nodes. As WSNs are highly susceptible, they are subjected to attacks like selective forwarding attack,
sinkhole attack, etc. In these attacks compromised nodes are dropping subclass of data packets to destroy
the network performance, hence reason for packet drop should be identified. Packet drop may be due to
unavailability or instability of the channel. And normal nodes should not be considered as malicious nodes
because of packet drop due to channel conditions. To overcome this confusion and to isolate the malicious
node, we offer a method called Channel-aware Trust System (CTS) to evaluate the behavior of the sensor
nodes based on data transaction and to categorize the malicious nodes.
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Abstract

Bad weather especially rain drops degrades the perceptual image quality. It is clear that raindrops destroy
the visibility of a scene. In steady bad weather, constituent droplets are very small (1–10 μm) and steadily
float in the air. Individual detection of these droplets by the camera is very difficult. In dynamic bad
weather, constituent droplets are 1000 times larger than those of the steady weather. Due to this large size,
these droplets are visible to the video capturing camera which affects the quality of the image. Thus, there is
a need for recognition and extraction of rain drops to enhance the image quality. The objective of this paper
is to identify the location of the damage sample as precisely as possible and to remove the detected rain
pixels from the image in order to get a clearer and brighter image. In this paper, we present a hybrid
approach to identify and extract raindrops from the rainy image in order to restore the image with its
original back ground. The algorithm is framed in order to recognize the rain droplets using clustering and
shape modeling of raindrops. Proposed framework is based on K-means clustering and Gaussian filter for
the efficient retrieval of rain droplets from the rainy image. The k-means clustering results in highest correct
clustering rate and Hough transform is used to detect and remove the raindrops from single image. The
proposed system showed better results than available approaches for raindrop recognition and deletion.
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I. Introduction
In recent times, the advancement and research methodology in electric
vehicles is very lucid. The usage of electric vehicles is being encouraged
more. Automobile industries are quickly seizing hold on to this
innovation and are envisioning it to be the ideal transportation means in
the later decades. Hence, there is a steady increase in the transition
from the internal combustion engine to electric vehicles. The internal
combustion engine or ICE runs primarily on petroleum products, for
example, petrol, and diesel. The usage of an automobile is becoming
very common these days. Almost 85% of the total world population owns
a car. Since these engines run fundamentally on fossil fuel or non-
renewable energy source, its existence and availability are restricted.
Considering our current usage of fossil fuel researches suggests that by
the year 2060 all of the available fossil fuel will completely exhaust.
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Design and Analysis of a Higher Order Process by Employing Pspice
Modelling
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Publisher: Springer Singapore
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Abstract
Third and higher order systems are used in many control applications. Real-time data of
the uncontrolled system is required for the design of suitable controller and achieve the
desired response from such systems. Implementing a sophisticated process involves lot
of components and subsystems. This will involve lot of energy consumption and cost
expenditure in implementation. In this article, Pspice is used as an effective tool for
creating an equivalent process using physically realizable electronic components, and
the dynamic behaviour of higher order systems for parameter variation is predicted.
This approach will be useful to obtain the desired time response of such systems and
will facilitate in implementation of the actual system based on the inference from the
Pspice simulation.
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Abstract
Many of the industrialized drives depend on electric motors for their production, thus
the need for efficient speed control of motors must be highlighted. There is a growing
demand for the applications of the PMBLDC motors in the fields of agriculture,
residential, commercial, and industrial and other utility areas. The conventional PI
controller can control the speed of PMBLDC motor. However, it cannot guarantee the
stability of the machine throughout the load varies. Brain Emotional Learning Based
Intelligent Controller (BELBIC) is applied in this paper to improve the speed
performance of PMBLDC motor. The simulation model of the drive system is made with
MATLAB/Simulink.
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Abstract
This paper aims for safety and security. Due to minute negligence, we might get into
great trouble one of the major such accidents is fire accident which is very hazardous
for industries creating unsafe environment for assets as well as lives around. In current
world, we can see many fire accidents and leakages happening in both industries and
houses. In order to prevent these hazardous accidents, we have designed a prototype
that detects the gas and smoke and alerts through audio indications and also
automatically tries eradicating the crises.
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Abstract
There are frequent peak demands occurring on the power system due to the growing
energy needs of the world. This peak demand presents several issues which include;
imbalance in power between generations and load which tends to lower the power
quality and stress to the system. Blackout, brownout, voltage instability, and
surge/slack fluctuation occurs when the generated power is not matched with the
required load demand. In addition to this, the load factor (LF) is inversely proportional
to the peak demand; thus, higher the peak demand, lower is the LF resulting in high
energy cost. To meet out the daily peaks occurring on the power system, one of the
viable solutions in the past was increasing the installed generation capacity or
operating peaking plant. In this study, a detailed review was done to identify the latest
technology to overcome the peak demand problems on the power system. This study
concludes that the peak demand can be efficiently controlled with a proper demand
response program with the help of the latest smart grid technology.
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Abstract

This paper discusses the development and performance analysis of ANN-based reference model controller
and ANN-based self-tuned PID controller for BLDC motor drives. As the BLDC motor drives are nonlinear
due to its parameter and load variations, there is a need to develop ANN-based controllers to overcome the
problems arising due to nonlinearity in BLDC motor drives. In this paper, ANN-based self-tuned PID
controller is developed for speed control of BLDC motor drives and its performance is compared with the
standard ANN-based reference model-controlled BLDC motor drives. The unique feature of ANN-based self-
tuned PID controller is that it can dynamically change the PID controller gains to provide optimum
performance under changing dynamics of BLDC motor drive. Experimental results show that ANN-based
self-tuned PID-controlled BLDC motor drives can effectively deal with speed tracking, load variations, and
parameter variations.

Keywords

ANN Reference model Self-tuned PID controller BLDC motor Parameter variations 
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4.

Rated voltage 36 V

Rated current 5 A

Number of poles 4

Number of phases 3

Rated speed 4000 rpm

Rated torque 0.42 N m

Torque constant 0.082 N m/A

Mass 1.25 kg

Inertia of motor 23e−06 kg m

Resistance per phase 0.57 Ω

Inductance per phase 1.5 mH
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Abstract—Load frequency control is a virtual challenging
problem in a realistic complex power system network. Power
demand on the grid is unpredictably varying in nature and
consequently grid frequency also varies. To alleviate frequency
fluctuations on the grid, the renewable energy resources are
interfaced with the grid. Renewable resources are abundant
and eco-friendly, but the power generation from these sources
is intermittent in nature. To provide major contribution of
power generation from the renewable energy resources and
to reduce cost of unit power generation in control areas, an
effective controller is required. Although some controllers will
reduce the errors in the system, they will not enhance the
system performance. However, some controllers may affect the
system. In order to enhance the system performance traditional
turbine is replaced with two stage tandem compound turbine
(TDC).By incorporating the TDC, the system performance is
greatly improvised and it is shown by the help of Performance
Indices. The system is verified by Matlab/Simulink

Index Terms—Load frequency control, Intelligent controllers,
Multi source generation system, Load perturbations, Frequency
deviation, System performance indices, Tandem compound tur-
bine, ANFIS and FUZZY

I. INTRODUCTION

T
HE successful operation of interconnected power systems

requires the matching of total generation with total load

demand and associated system losses. With time, the oper-

ating point of a power system changes, and hence systems

may experience deviations in nominal system frequency and

scheduled power exchanges to other area, which may yield

undesirable effects. To maintain load frequency with in the de-

sirable limits various controlling strategies like classical meth-

ods, adaptive and variable structure methods, robust control

approaches, intelligent techniques and digital control schemes

are available. Various factors affect the system frequency like

generation rate constraints, speed governing techniques, load

disturbances [1], [2].

Load frequency control is a wide problem so, to provide

better controlling aspects the system fragmented as a control

areas. The control areas have group of generating stations or

generating units. In such a control area the power generating

plants are alike or different. Generally same plants are grouped

for easy controlling. Different plants can be grouped in a single

area. The control areas maintain the frequency with in the

permissible limits by generating required amount of power to

meet power demand at every instant of time. The control areas

are inter-connected with the tie-lines. To exchange power from

one area to another area, to operate generating stations most

economical manner, to enhance power system stability. The

power exchange between controlling areas are based on their

contracts and other power generation constraints [3]- [5].

Control area having different power generating sources like

thermal, hydro, diesel, gas, and nuclear plants [6], [7]. Gen-

erally thermal plants are operated as base load plants. These

plants continuously running irrespective of load demand. Due

to some faults in the power system the frequency vary larger

otherwise the frequency variations with in the acceptable limits

[8]. The hydro plants are operated as both peak and base

load plants depending upon water availability, plant capacity

and load demand [9]. Gas and diesel plants are operated as

peak load plants. The integration of these plants with grid is

complex due to different factors affect the individual plant

performances. The frequency controlling also complex. For

short span of load disturbances the energy storage systems are

helpful to meet the power demand. The energy systems like

SMES, BES, CES, and RFB have been used in load frequency

control systems [6]. In conventional methods PI controller is

used to limit the area control error and to improve the dynamic

performance of the system.

The Fuzzy Gain PI (FGPI) controller is widely used to

enhance dynamic performance [10]. The new trend concen-

trating on renewable power generation and integration of grid

with these renewable plants. As intermittency of renewable

sources makes frequency and voltage control more difficult,

short and long term storage plants for electric energy must be

relied on to compensate. Due to intermittent nature of power

generation, the inter connection of grid with this plants become

difficult. For the short distances the renewable generation is

most economical. The areas consisting wind power plant, short

term storage plant associated with wind power plant, natural

fired gas plant, long term storage plant, photovoltaic plant,

short term storage plant associated with PV plant [11].

By recent technologies like artificial intelligence techniques

and advanced algorithms the integration of grid process be-

come easier. Neural networks, fuzzy inference systems, ANFIS

models [12], particle swarm optimization algorithms [13],

[14], Optimal control methods are used to design the output

feedback controller. The optimal feedback controller is applied

to two area, optimal quadratic regulators [15], [16], optimal

978-1-5386-8190-9/19/$31.00 ©2019 IEEE
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Fig. 1. Transfer function model of multi-source two area system

feedback controllers [6] are used to control the grid frequency.

Distributed generations DG’s are coming into operation to

share the load demand. Renewable sources are grouped under

DG’s category. Wind power generation most rapidly growing

in throughout the world [17], [18]. In interconnected systems

the fluctuations in the frequency and voltage leads to outages

of lines and generators tend to cascade tripping of lines [19].

The operating point and system parameters are dynamically

vary with the frequency. The FUZZY, ANN and ANFIS

have best tracking ability of system parameters to optimize

frequency fluctuations [20]. The ANFIS controller having self-

tuning capability of system parameters and possess advantages

of ANN and fuzzy. The fuzzy theory useful to represent

the system behaviour with simple linguistic rules, the neural

network optimizes the parameters [21], [22].

II. METHODOLOGY

A. Tandem Compound Turbine

Steam turbines are mechanical devices that convert steam

power into rotary mechanical motion. These devices require

2
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speed control to prevent physical damage to the system;

trying to dramatically increase or decrease the speed at once

expedites the wear and tear of the machine and could cause

breakage. Uncontrolled acceleration in a steam turbine will

make the turbine accelerate continuously and become unstable.

Steam turbine failures are costly as producing a steam turbine

necessitates high precision and requires high quality materials.

Although there are some mechanisms in place to prevent

uncontrolled acceleration in a steam turbine, a better approach

is to regulate the amount of change in mechanical motion that

the steam turbine can have at a given moment.
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Fig. 2. Block diagram of Tandem Compound Turbine

Tandem compound Steam turbines operate in the following

manner: The steam enters the turbine through the main throttle

valve and flows to one or more governor valves. The governor

valves control the flow of steam into the high-pressure tur-

bine section. After reheat, the steam enters the intermediate

pressure (IP) turbine through the reheat stop-intercept valves

as shown in Fig. 1. Valve position is varied to maintain

or change the load. We decided to model the turbine using

a linear, fourth-order, double-reheat, and tandem compound

steam turbine model. We chose a tandem model (the turbine is

assembled along a single shaft) over a compound model (two

generators over two shafts) because tandem compound is the

type of most modern steam turbines. The block diagram of

Tandem Compound Turbine is shown in Fig. 2.

B. System Performance Indices

While designing any system, some parameters have to be

selected that gives the better performance. Although some

controllers will reduce the errors in the system, they will not

enhance the system performance. However, some controllers

may affect the system.

In order to measure the system performance, the control

signal which is taken out from the system controller is fed to

expressions/performance functions. This process is known as

system performance indices measurement.

There are four expressions widely used to measure perfor-

mance indices of the system. Those are

• Integral Square Error (ISE)

• Integral Time Squared Error (ITSE)

• Integral Time Absolute Error (ITAE)

The error signal e(t) in a control system is given by

e(t) = r(t)-c(t)

Where

r(t) = Input or reference signal

c(t) = Output signal

t = Time in seconds

Performance Indices in Control System are as follows:

C. Integral Square Error (ISE)

ISE =

∫
∞

0

e
2(t)dt

D. Integral Time Squared Error (ITSE)

ITSE =

∫
∞

0

te
2(t)dt

E. Integral Time Absolute Error (ITAE)

ITSE =

∫
∞

0

|e(t)|dt

III. ARTIFICIAL INTELLIGENT CONTROLLERS

FUZZY, ANFIS, Online fuzzy gain tuner controllers ex-

tensively using in all fields to resolve the realistic complex

problems. The controllers having this future simple realistic

rules perform better control action than PI and PID controllers.

Fuzzy derived from fundamental classical set theory. The

fuzzy controller mainly have fuzzification block, fuzzy rule

base, defuzzification block. The crisp signals are converted

into fuzzy membership functions by the fuzzification process.

Membership functions are performed based on the fuzzy rule

base and produce fuzzified values to the defuzzification block.

This block converts fuzzified values into crisp values by the

defuzzification process. This is the controller output which is

given to the plant to perform the control action.

A. FUZZY CONTROLLER

Fuzzy controller have two inputs and single output. The

inputs are area controller error (ACE) and change in area con-

trol error (?ACE). Each input having 7 trapezoidal membership

functions are NB (Negative Big), NM (Negative Medium), NS

(Negative Small), Z (Zero), PS (Positive Small), PM (Positive

Medium), PB (Positive Big). The sugeno rule base adopted

here and the defuzzification process is centroid method. The

fuzzy rules are shown below.

TABLE I
FUZZY RULE BASE

E / ∆E NB NM NS Z PS PM PB

NB NB NM NB NB NM NS Z

NM NB NM NM NM NS Z PS

NS NB NM NS NS Z PS PM

Z NB NM NS Z PS PM PB

PS NM NS Z PS PS PM PB

PM NS Z PS PM PM PM PB

PB Z PS PM PB PB PB PB

3
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B. ANFIS CONTROLLER

Adaptive neuro fuzzy system controller having features

of both neural networks and fuzzy inference systems. The

controller having unique feature is that controller can generate

the FIS file according to our requirement. This will provide

finite optimum tracking operating point to the system. The

controller has two inputs area control error (ACE) and change

in area control error (?ACE). Each input having 11 trapezoidal

membership functions and 112 output membership functions.

ANFIS controller FIS structure is designed based on the

values of area control error (ACE) and change in area control

error (ACE) at different loading conditions. 11 trapezoidal

membership functions are chosen for each input. The training

data given to controller and trained then it generate the sugeno

rule base with optimum output range. The rules are framed

according to our training data.
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Fig. 3. Simulation diagram

IV. SIMULATION AND RESULTS

The simulation diagram and its system performance indices

are shown in Fig. 3 and Fig. 4.

TABLE II
AREA1 FREQUENCY DEVIATION

Controller Rise Time Peak Time (Sec) Settling Time

(Sec) (Sec) (Sec)

FUZZY 0.0063 0.2555 15.9973

ANFIS 0.0025 0.2579 11.3699

Table. II and Table. III shows comparison of control area1

frequency and control area2 frequency with fuzzy and Anfis

controller at 20%, 30% loading on the respective control areas.

The Anfis controller reduces the settling time compare to

Fuzzy controller. This reveals finite settling of frequencies with

zero steady state error.

In1     Out1 25.09

ITSE4 Display ITSE4

106.1In1     Out1

ITAE4 Display ITAE4

7.387In1     Out1

IAE4 Display IAE4

In1     Out1 1.911

ISE4 Display ISE4A

err out1

In1     Out1 31.12

ISTE1

In1     Out1 118.2

ITAE1 Display ITAE1

In1     Out1 8.076

IAE1

In1     Out1

ISE1 Display ISE1

2.258

B

err out2

Display ISAE1

Display IAE1

Fig. 4. System performance indices

TABLE III
AREA2 FREQUENCY DEVIATION

Controller Rise Time Peak Time (Sec) Settling Time

(Sec) (Sec) (Sec)

FUZZY 0.0064 0.3509 16.1381

ANFIS 0.0025 0.3619 10.5533

A. Performance Analysis of the proposed system with Various

Controllers

TABLE IV
WITH ANFIS CONTROLLER

Type of turbine Tandem compound Traditional

Performance indices reheat turbine reheat turbine

ITSE 25.09 31.12

ITAE 106.1 118.2

IAE 7.387 8.076

ISE 1.911 2.258

From the Table. IV, Table. V and Table. VI it has clearly

shows that the Tandem compound turbine has greatly re-

sponded to the ANFIS controller in the perspective of im-

provising the system Performance Indices. The change in

4
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TABLE V
WITH ADAPTIVE FUZZY CONTROLLER

Type of turbine Tandem compound Traditional

Performance indices reheat turbine reheat turbine

ITSE 0.8415 0.9436

ITAE 19.32 19.91

IAE 1.339 1.407

ISE 0.06489 0.07433

frequency in area 1 and area 2 with ANFIS controller are

shown in Fig. 5 and Fig. 6..

TABLE VI
WITH ANFIS-PD CONTROLLER

Type of turbine Tandem compound Traditional

Performance indices reheat turbine reheat turbine

ITSE 3.1333 1.129

ITAE 1.8626 1.00

IAE 0.29 1.929

ISE 1.27 0.78733
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Fig. 5. Change in frequency in area1 with ANFIS controller

V. CONCLUSION

In this paper, perceived that the dynamic performance

of multi-source power generation Load frequency control

achieved by employing FUZZY controller, ANFIS controller.

The performance evaluation shows that both controllers pro-

vides satisfactory control of frequency, tie line power. Artificial

intelligent controllers have wider adaptability of power plant

environment. The effectiveness of ANFIS controller provides

better controlling action. The comparison shows that Anfis

controller gives lesser settling time with zero steady state error.

ANFIS controller improves the dynamic performance of the

two area multi source power system. Also the implementation
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Fig. 6. change in frequency in area 2 with ANFIS controller

of TDC has enhanced the total system performance Indices.

From the simulation results, it is clearly shown that for the

LFC, ANFIS controller the optimised controller for the power

Generation that consists of tandem compound type turbines.
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Abstract:  

This paper reviews the torque ripple reduction 

techniques of Brushless DC motor (BLDC). Torque 

ripple arises in BLDC motor due to the attraction of 

rotor's permanent magnets and stator's ferro magnet 

teeth. The magnetic attraction varies depending on 

the strength of the magnetic field and this 

dissimilarity leads to the production of irregular 

torque called torque ripples. This torque ripple may 

cause poor quality of speed-torque characteristics, 

noise, vibrations and produce stern faults in sensor 

less motor drives. This paper analyses various 

techniques for the reduction of torque ripples. The 

analysis shows that the torque ripple in the BLDC 

motor can be minimized during commutation time by 

increasing the input voltage four times greater than 

the back emf. Also, this paper reviews different 

methodologies to boost the input voltages during the 

commutation period. 

Keywords: 

BLDC motor, Torque ripple, Cuk converter, Charged 

capacitor, DVM scheme 

                       I.INTRODUCTION 

    In the early 19th century, PM excitation was not 

implemented in electrical machines because of the 

poor quality of permanent magnet (PM) materials. 

Alnico's invention rejuvenated the PM excitation 

system but it was restricted to small and fractional 

horse power dc machines [1]. The squirrel cage 

induction motor became popular in industrial 

applications due to the advances in power 

electronics. PM brushless DC (PMBLDC) motor 

was developed due to the poor efficiency and 

power factor of the squirrel cage induction motor 

than the synchronous motor and speed, noise and 

EMI problems of the synchronous motor. 

      BLDC motors have the advantages of high 

efficiency, simple construction, higher dynamic 

performance, higher speed versus torque 

characteristics, longer operating life, lower noise 

and higher speed range [17]. 

      PMBLDC motors can be used in applications 

with constant load such as fans, blowers, pumps 

etc. BLDC motor also gives high precision and 

good dynamic response in the varying load 

applications. The few examples of varying loads 

are home appliances such as washers, dryers, 

automotive applications such as engine control, 

electric vehicle control and fuel pump control, 

centrifugal aerospace applications, pumps, robotic 

arm control and gyroscope control [17]. Recent 

advances in control technology have also made use 

of the BLDC motor in the field of machine tool 

position control and industrial robots. 
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Fig1.Equivalent circuit of BLDC motor 

        Fig.1 illustrates the equivalent circuit of 

BLDC motor. Since the permanent magnet BLDC 

motor is brushless, the hall sensors are positioned 

on the stator winding, to obtain the rotor position 

[5].The BLDC motors generates trapezoidal back-

emf and it is applied with rectangular stator 

currents[6].However, pure trapezoidal wave is not 

obtained due to the  attraction of permanent 

magnets of rotor and the ferro magnet teeth of 

stator. Depending on magnetic field strength the 

magnetic attraction varies.  This magnetic 

attraction variation produces ripple torque in the 

BLDC motor. This torque ripple can cause poor 

quality of speed-torque characteristics, noise, 

vibration and produce stern faults in sensor less 

motor drives [5]. BLDC motor has two incoming 

and outgoing phases and one floating phase. In 
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general, the growing rate of incoming phase current 

and decay of outgoing phase current are not equal 

which raises the torque ripple.   

       Numerous topologies have been proposed to 

reduce the ripple of torque in the BLDC engine. 

The Z-Source inverter buck-boost function 

provides a good condition for the reduction of 

BLDCM's commutation torque ripple using the 

two-phase modulation mode [2]. Depending on the 

study of torque variance rates [9], a non-ideal back 

emf and current commutation is debated. To 

increase the dc-link voltage, the quasi-Z source is 

used by changing the shoot-through ratio of the 

switch [16]. A modified smooth torque ripple 

reduction is constructed based on the back-EMF 

variation [7]. A novel commutation sequence is 

proposed for the reduction of torque ripple in which 

the incoming phase current can build up slowly and 

reaches the set value [10]. A new topology on 

linearization of the input-output feedback is 

suggested to reduce the ripple torque [13]. 

II. COMMUTATION TORQUE RIPPLE 

ANALYSIS 

       The analysis of commutation torque ripple can 

be accomplished by considering phase A as 

incoming and phase B as outgoing.  

 The expression for developed electromagnetic-

torque is given by,                                                        (1)

 

                                                                                                                     
(2) 

Where 

ea, eb, ec =Back emf (V) 

ia ,ib, ic  = Stator current per phase(A) 

ɷ= Rotor speed (rad/sec) 

Td = developed electromagnetic torque (Nm) 

TL = Load torque (Nm) 
 

A. Before commutation 

Assume constant back emf, then Td is given by,                               (3) 

          

Under steady state condition the current          = Constant for the constant TL and 

constant speed. 

B. After Commutation                
                                                  

(4)

          = Constant 

C. During Commutation 

      During commutation period the switch S1 is 

OFF, S3 is ON, diode d4 starts conducting and 

switch S2 continues to conduct. Applying KVL to 

the circuit, 

                                       (5)                                             (6)                                                      (7)                      
                                            

(8)

 

      Hence the current   will remain constant for the      

condition of,                                                                         (9) 

D. Condition for minimum torque ripple                  
                                       (10)  

          Neglecting the resistance drops and adding 

(5),(6) and (7),the non-commutating phase current 

equation is given by,                                            
                                                                    (11)                     

For steady state,                       (       )                        

                                                                    (12) 

Substituting in (11),                                                                                             

(13)                 [          ]                                                    (14) 

E. Expression for the duty cycle during conduction 

period 

           Before commutation, the voltage equations 

are given by,                                  (15)                              (16) 

From (15)-(16) 
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                                                                                     (17)                                                         (18) 

              Equation (18) gives the expression of duty 

cycle  for the conduction period     .  

                  From (13), it is proved that the dc 

voltage should be four times higher than the back-

emf to reduce the torque ripple during commutation 

time. This paper focuses on various techniques for 

the reduction of torque ripple viz., Cuk converter 

method, charged capacitor and modulator voltage 

scheme. Using these methods, the dc voltage value 

is increased 4 times more than the back emf. 

III.TORQUE RIPPLE REDUCTION 

TOPOLOGIES: 

A.CUK Converter 

            The Cuk converter is a DC-DC converter 

with a boost converter and a buck converter 

followed [18]. Hence, the input voltage can be 

boosted or minimized depending on the duty cycle 

value. This boosting cuk converter feature can be 

used to lower the BLDC motor torque ripple. 

L2
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C2

T
Vdc

         

i1 i2

Vc1

Vc2
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MOTOR
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D1

ia

ib

ic

 

Fig.2 Mode selection circuit of Cuk converter in mode 1 during 

normal operation 

             The circuit operation can be divided into 

two modes [18]. As shown in Fig.2, during the 

mode1operation, the switch T is OFF and the 

voltage across C1 forward biases diode D. Under 

this condition, the cuk converter supplies energy to 

the motor through diode D1. The inductors L1, L2 

stores energy and it can be expressed as,        =       

       =                                                 (19) 

Where 

 i1 and i2 =currents through L1 and L2  

VC1 and VC2 =voltages across C1 and C2  

L2

L1

C1

D
C2

T
Vdc

         

i1 i2

Vc1

Vc2

INVERTER

BLDC 

MOTOR

D1

ia

ib

ic

Tc

  

Fig3.Mode selection circuit of cuk converter during 

commutation period 

              Fig.3 illustrates, during the 

mode1operation, the switch T is ON and the 

voltage across C1 reverse biases diode D. Under 

this condition, the cuk converter supplies energy to 

the motor through switch Tc and diode D1. The 

inductors L1, L2 supplies energy and it can be 

expressed as,        =                   =                                                             

(20) 

Where, 

Vc1 and Vc2 =average voltage of C1 and C2 

 dc =duty cycle. 

Vc1 (1-dc) = Vdc                                    

(21) 

Vc2= dc Vc1                                                                                          (22)       

            From (20), during mode 2 operation the 

output voltage is increased than the supply voltage. 

            The experimental set of this proposed 

system is experimentally implemented on a 

70W,24V,4A,3000rpm and load torque of 0.23N-m 

BLDC motor [4]. 

B. Charged Capacitor Method 

              This topology consists of a capacitor C, a 

diode D, a resistance R and a mode selection 

switches S1 and S2. The capacitor C is charged, 

during the normal conduction period.Fig.4 

illustrates the circuit diagram of charging capacitor 

scheme.  
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Fig.4. Charging capacitor scheme 

             The capacitor C is charged through diode D 

during normal conduction period. Under this 

condition, the switch S1 is OFF and S2 is ON. 

Once the capacitor C is fully charged, then S2 is 

OFF and S1 is ON. Now commutation starts and 

diode D is reverse biased. Under this condition the 

supply voltage is used to increase the dc link 

voltage to reduce the torque ripple. 

           To reduce the torque ripple, the voltage Vdc 

has to satisfy the following condition,                                                       (23) 

Also the value of capacitor voltage during the 

commutation is,                                                             (24) 

          This topology is experimentally tested with a 

rating of 3.7kW, 300V,1500rpm, 24 Nm BLDC 

motor [3]. When the Vdc is equal to 300V, the non-

commutated phase current relative current 

fluctuation is 23.4% and the torque ripple is 20.4%. 

The advantage of this proposed scheme is the 

requirement of chopper circuit is avoided. 

C. Voltage Modulator Scheme 

            As shown in Fig.5, the proposed topology 

consists C1 and C2, L, S1 and S2 and diode D[8]. 

                  During the normal conduction period, 

the switch S1 is open and S2 is closed. Both the 

capacitors are connected across the supply and 

hence supplies DC voltage to the inverter. 

             During commutation period, S1 is closed 

and S2 is open. Under this condition both 

capacitors are in series and supplies double the 

value of Dc voltage to the inverter [8]. Thus the 

supply voltage is increased to reduce the torque 

ripple of the BLDC motor.   

Diode 

Bridge

Rectifier

Inverter

U

V

W

D

S1

C1 S2

C2

AC

Supply

L

        DVM scheme

 Fig.5. DVM scheme 
                    This proposed scheme is 

experimentally tested for 1hp, 300V, 2500rpm and 

load torque of 2Nm PMBLDC motor. The DVM 

circuit includes 4700µF capacitors and 10mH 

inductor [8]. This proposed DVM scheme is used 

to reduce the torque ripple during high speed 

operation of BLDC motor. Also pulse width 

modulation control is used for low speed operation.  

 

Table 1 gives the details of performance parameters 

of different torque ripple reduction topologies.

Table1. Performance parameters of different torque reduction topologies 

 

Parameters Cuk Converter 

[4] 

Charged 

Capacitor 

[3] 

DVM 

Scheme 

[8] 

Auxiliary 

step up 

circuit [12] 

PWM  

[11] 

Three level 

NPC[6] 

 

 

 

 

PMBLDC 

Motor 

Rated Voltage (V) 

 

200 300 300 200 200 200 

Rated power(kW) 70W 3.7 1hp 3.2 70W 1hp 

Rated Speed(rpm) 3000 1500 2500 1500 1800 3000 

Rated torque Nm) 0.23 24 2 20 20 0.825 

Rated current (A) 4 3 3 4 3 5 

Phase inductance 

(mH) 

0.61 1.88 21.5 1.234 0.6  

 

 

Torque 

ripple 

reduction 

circuit 

Inductance L1=L2=330µH 

 

- 10mH - - - 

Capacitance(µF) C1=1100µF 

C2=2200µF 

120µF 4700 µF 60 - - 

Resistors(KΩ) - - - - Voltage 

divider 

R1=6.04, 

R2=2 

- 

Switches (S +D) 8+2 8+1 8+1 8+1 6 12+6 

Switching 

frequency(kHz) 

20 20 20 20 20 80 
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                      IV.CONCLUSION 

             This paper discusses about the analysis of 

commutation torque ripple of BLDC motor. The 

torque ripple in the BLDC motor has been proven 

to be minimized during commutation time by 

increasing the input voltage four times greater than 

the back emf. Also, this paper reviews various 

methods of torque ripple reduction in PM BLDC 

motor viz., Cuk converter, charged capacitor and 

voltage modulation schemes.  The cuk converter 

operates in boost mode during the commutation 

period to increase the input voltage of the inverter 

while the capacitor voltage is added to the input 

voltage in the charged condenser method. The 

DVM scheme is used to reduce the torque ripple 

during high speed operation of BLDC motor and 

pulse width modulation control is used for low 

speed operation. Also, performance parameters of 

different torque ripple reduction topologies were 

tabulated.  
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Pseudo code for FPA based solar PV parameter extraction for double diode model. 
---------------------------------------------------------------------------------------------------

Objective function to find best Rs, Rp, and a
Declare a population of 20 flowers/pollen gametes with initial random solutions
Find the best solution (Gbest) in the initial population
Describe a switch probability p [0, 1]
WHILE (t <1000)
For i = 1: 20 (all 20 pollens in the population)
IF rand < p,
Draw a (d-dimensional) step vector L which obeys a Levy distribution
Perform Global pollination using ( () )1 t

i
t
i

t
ix x L tsebg x

ELSE
Draw of uniform distribution in [0, 1]
Choose randomly j and k among the set of 20 pollens
Perform local pollination using )(1 t

j
t
k

t
i

t
i xx xx

END IF
Calculate new solutions
If new solutions are superior, revise them in the population
END FOR
Find the current best solution (Gbest)
END WHILE
---------------------------------------------------------------------------------------------------





(a) I-V Curve (b) P-V Curve





























































Design of a Non-iterative First-Order

Compensator for Type 1 Higher Order

Systems

C. Ganesh, R. Shanmugasundaram and A. Singaravelan

Abstract Most of the real-time systems used in control applications are of higher

order. Implementation of the controller requires dynamic and intelligent tuning to

achieve the desired time response in control applications. An attempt is made in

this article to extend the use of a simple first-order non-iterative compensator used

in a Brushless Direct Current (BLDC) drive-based position control system to type

1 higher order systems. The compensator is found to yield the desired frequency

response specifications with lesser overshoot and settling time than those of the

conventional lag and lead compensators for various type 1 higher order systems.

Keywords Compensator · Non-iterative · Type 1 · Higher order

1 Introduction

Lag and lead compensators are applied in various servo applications. The lag com-

pensator is used to improve the steady-state response, while lead compensator is

applied to improve the transient response [1, 2]. Design of compensator is made for

servo systems using lag and lead compensators [3–5]. Design technique [4, 6] of such

compensators is iterative, laborious, and time-consuming [7–9]. Graphical tools, viz.,

Bode, Nyquist, and Root locus plots, are employed [1] to achieve the desired gain

and phase margin for the systems with parameter uncertainty. A non-trial-and-error

design method was proposed [10] for lag–lead compensator design to satisfy the

desired specifications such as steady-state error, gain margin, and phase margin of

a third-order system. An auto-tuning procedure was presented [6] for lag and lead

compensators to achieve the desired specifications for the systems in which models

cannot be perfectly anticipated. Design procedures for lag and lead compensators
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were developed [5, 7, 9] in the stable operating regions of systems when compre-

hensive information on gain margin and phase margin was available. An iterative

technique for the design of lag and lead compensators was established [8] to accom-

plish desired specifications in the position control system. Lead compensator was

used [11] for dead-band relay sub-controller to attain very good relative stability in a

Direct Current (DC) motor-based position control system. A lag–lead compensator

was developed [12] for robots. A digital non-iterative controller proposed [13] for a

BLDC servosystem was found to yield better transient and steady-state response.

It is observed from the literature that compensators are quite useful in servo appli-

cations. However, their design techniques are iterative, tedious, and time-consuming.

A simple non-iterative first-order compensator design technique was proposed [14].

Reference [15] suggested this design technique as an alternative to performance

index-based proportional plus integral plus derivative (PID) controller tuning for a

BLDC drive fed position control system to achieve optimum results. Reference [16]

extended this procedure for a type 1 third-order system.

The time delay in feedback control [17] has become significant nowadays with

the extensive use of networked control systems. Time delays cause adverse effects

on the control system dynamics and may lead to closed-loop instabilities. BLDC

motor control systems [18] are stable when time delays are not considered. However,

inevitable time delays may destabilize the system when a BLDC motor is controlled

through a network. For this reason, time delays must be considered during a controller

design. Therefore, care must be taken to compensate for instability due to time delays

while extending the use of first-order compensator [15] to type 1 higher order systems

with time delays.

This research article deals with the design of proposed first-order compensator

for a BLDC drive system (Type 1 third order) by considering time delay. Extending

the use of the compensator for other type 1 higher order systems is validated with

five illustrations. The proposed method can be implemented to the problem stated in

[19].

2 Design of the First-Order Compensator

A non-iterative first-order compensator [15] is found to yield comparable results

to PID controller, and it fulfills the desired specifications for a BLDC drive-based

position control system. The procedure is summarized below.

Step 1: The required gain (Kc) of the system is chosen to meet the steady-state

requirement with better response and negligible oscillations.

Step 2: Gain crossover frequency (ωg) of the compensated system is so chosen

that it corresponds to the desired phase margin.

Step 3: Transfer function of the compensator [2, 4] to be designed is expressed by

Gcomp(s) =
(1 + Tas)

(1 + Tbs)
(1)



Design of a Non-iterative First-Order Compensator … 357

where Ta and Tb are time constants of compensating zero and pole, respectively.

Step 4: Gain of the uncompensated system is determined at the desired gain

crossover frequency, ωg. Let this gain be
∣

∣G p( jω)
∣

∣

ωg
.

Step 5: Gain of the compensated system transfer function at the desired gain

crossover frequency, ωg, is given by

|Gpc( jω)| = Kc

∣

∣

∣

∣

(1 + jωTa)

(1 + jωTb)

∣

∣

∣

∣

|Gp( jω)| = 1 (2)

Step 6: ωTa is so chosen that it is greater than or equal to a constant, (say 100) to

nullify the phase angle contribution by the compensator at the desired gain crossover

frequency. Ta and Tb are evaluated from (2).

Step 7: The compensated system transfer function is determined by substituting

Ta, Tb, and Kc in (2).

The open-loop transfer function of BLDC drive fed position control system [20–

23] considered for the illustration [15] is used below:

θ(s)

Ea(s)
=

0.036

s
[(

s4.68 × 10−6 + 4.68 × 10−5
)(

1.08 + s1.86 × 10−3
)

+
(

0.0362
)]

(3)

When the BLDC drive system is controlled through a network, the time delay is

introduced through a transportation lag e−sT connected in cascade with the above

transfer function which makes the closed-loop system unstable when T > 0.055 s.

The proposed compensator is designed for the three cases, viz., (i) Stable BLDC

drive fed position control system with 0.045 s time delay, (ii) an unstable BLDC

drive fed position control system with 0.065 s time delay, and (iii) stable BLDC

drive fed speed control system without time delay.

2.1 Stable BLDC Drive System with 0.045 s Time Delay

Choosing the desired gain and phase margins as 6 dB and 45°, respectively, gain

of the uncompensated system is evaluated as 4.44 dB at 16 rad/sec. ωTa is chosen

as 100. Ta and Tb are obtained as 6.25 and 10.4206, respectively, from (2). The

resultant compensator becomes Gcomp(s) = (1 + 6.25 s)/(1 + 10.4206 s). The unit-

step responses and Bode plots of the closed-loop system are obtained using the

proposed compensator, lead compensator, and lag compensator. Safety factor (ε),

gain margin, phase margin, rise time, peak overshoot, and settling time are obtained

from the plots [2, 4] and tabulated in Table 1.
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Table 1 Specifications of the BLDC drive system with 0.045 s time delay

Method ε (deg) tr (sec) tr (sec) Mp (%) GM (dB) PM (deg)

Uncompensated – 0.03 1.49 80.3 1.62 15.3

Proposed design 0.1 0.05 0.45 29 6.05 45

Lag compensator 9 0.06 0.62 28.2 7.39 45.4

Lead compensator 20 Unstable −0.87 −62

Table 2 Specifications of the BLDC drive system with 0.065 s time delay

Method ε (deg) tr (sec) tr (sec) Mp (%) GM (dB) PM (deg)

Uncompensated – Unstable −1.37 −15.3

Proposed design 0.2 0.07 0.64 29.2 6.04 45

Lag compensator 10 0.09 0.99 30.1 7.65 44.6

Lead compensator 18 Unstable −0.55 −178

2.2 Unstable BLDC Drive System with 0.065 s Time Delay

The uncompensated system is unstable with a gain margin of −1.37 dB and a phase

margin of −15.3°. The desired gain and phase margins are specified as 6 dB and

45°, respectively. The compensator is designed as Gcomp(s) = (1 + 8.7719 s)/(1 +

20.6117 s). The unit-step responses and bode plots of the closed-loop system are

obtained using the proposed compensator, lead compensator, and lag compensator.

Time- and frequency-domain specifications are obtained from the plots and tabu-

lated in Table 2. It is seen from the Tables 1 and 2 that the proposed non-iterative

compensator yields satisfactory results.

2.3 Stable BLDC Drive System Without Time Delay

The open-loop transfer function of BLDC drive fed position control system is given

in Eq. (3). The uncompensated system is stable with infinite gain margin and phase

margin of 17.1°. The desired phase margin is specified as 45°. The resultant com-

pensator is Gcomp(s) = (1 + 0.1242 s)/(1 + 0.766 s). The compensated system yields

a phase margin of 45°.
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3 Analysis of Compensator Design for Higher Order

Systems

Typical stable and unstable systems with and without time delay were considered

[5, 6], for establishing their compensating techniques. In order to demonstrate the

effectiveness of the proposed non-iterative first-order compensator design, few type

1 higher order systems are also considered. Five examples are discussed in this

section. The first two examples consider typical stable third-order systems with and

without delay. The third example is chosen to show that the approach can also be

used for unstable systems. The fourth example is a fifth-order system with complex

poles, and the last one is to show that the same compensating design procedure is

useful for a lower order system. Desired specifications are given in frequency-domain

specifications. The compensator is designed for each system using the proposed

design procedure and compared with the results of lag and lead compensators.

3.1 A Stable Third-Order System with Time Delay

A servo plant given in Eq. (4) is considered [5]. Choosing the specifications of gain

and phase margins as 10 dB and 60°, respectively, the resultant compensator is given

in Eq. (5).

G(s) =
5e−0.23s

s(s + 0.7)(s + 7)
(4)

Gcomp(s) =
(1 + 333.13s)

(1 + 1028s)
(5)

A comparison is made with the lag compensator design method [2, 4] which gives

Glag(s) =
(1+21.978s)

(1+119.3957s)
. This is also compared with the lead compensator design

method [2], [4] which yields Glead(s) =
(1+1.7854s)

(1+0.3763s)
The unit-step responses of the

closed-loop system are obtained using the proposed compensator, lag compensator,

and lead compensator and shown in Fig. 1. The frequency response of the plant is

shown in Fig. 2. Time- and frequency-domain specifications are obtained from the

plots and tabulated in Table 3.

3.2 A Stable Third-Order System Without Time Delay

A position control system with G(s) = 58390
s(s+36)(s+100)

is considered [8]. The

desired phase margin is chosen as 69.2°. The resultant compensator is Gcomp(s) =
(1+10.3734s)

(1+16.6892s)
. This is compared with lag compensator design method which gave the
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Fig. 1 Step responses for the third-order system with time delay

Fig. 2 Bode plots for the third-order system with time delay

Table 3 Specifications of the third-order system with time delay

Method ε (deg) tr (sec) tr (sec) Mp (%) GM (dB) PM (deg)

Uncompensated – 1.56 17.5 43.6 8.93 29.3

Proposed design 0.56 4.05 13.5 8.35 18.7 60

Lag compensator 12 6.21 53.3 15.1 23.1 60

Lead compensator 10 0.96 5.45 19.1 8.77 49.5

compensator transfer function as Glag(s) =
(1+0.7843s)

(1+2.6884s)
. This is also compared with

lead compensator design method which yielded Glead(s) =
(1+0.065s)

(1+0.0356s)
. The unit-step

responses of the closed-loop system are obtained using the proposed compensator,

lag compensator, and lead compensator and shown in Fig. 3. Bode plot of the plant
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Fig. 3 Step responses for the third-order system without time delay

is shown in Fig. 4. Time- and frequency-domain specifications are obtained from the

plots and tabulated in Table 4.

It is obvious from Table 4 that the proposed compensator design method has

achieved the desired results. ε is varied on a trial-and-error basis for the design of

lag and lead compensators, whereas it is negligible in the proposed design.

Fig. 4 Bode plots for the third-order system without time delay
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Table 4 Specifications of the third-order system without time delay

Method ε (deg) tr (sec) tr (sec) Mp (%) GM (dB) PM (deg)

Uncompensated – 0.08 0.27 8.67 18.5 59.2

Proposed design 0.4 0.14 0.23 1.21 22.6 69.2

Lag compensator 10 0.28 2 10.6 28.9 69.2

Lead compensator 7 0.07 0.27 0 17 69.2

3.3 An Unstable Third-Order System Without Time Delay

A position control system with G(s) = 5
s(s+1)(0.5s+1)

is considered [6]. The uncom-

pensated system is unstable with gain margin of −4.44 dB and phase margin of −

13°. The desired gain and phase margins are specified as 10 dB and 60°, respec-

tively. Hence, the transfer function of the proposed compensator is expressed as

Gcomp(s) =
(1+278.5515s)

(1+3588.6s)
. This is compared with lag compensator design method

which yields the compensator transfer function as Glag(s) =
(1+20.4082s)

(1+568.5962s)
. The unit-

step responses of the closed-loop system obtained using the proposed compensator

and lag compensator are shown in Fig. 5. The unit-step response of the closed-loop

uncompensated system is shown in Fig. 6. Bode plot of the system is shown in Fig. 7.

Time- and frequency-domain specifications are obtained from the plots and tabulated

in Table 5. It is found that lead compensator design is not possible for meeting the

desired specifications.

It is seen from Table 5 that the proposed compensator design method has achieved

satisfactory results even though the uncompensated system is unstable. ε is varied

on a trial-and-error basis for the design of lag compensator, whereas it is negligible

in the proposed design.

Fig. 5 Step responses for the third-order system
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Fig. 6 Unit-step response for the uncompensated system

Fig. 7 Bode plots for the third-order system

Table 5 Specifications of the third-order system

Method ε (deg) tr (sec) tr (sec) Mp (%) GM (dB) PM (deg)

Uncompensated – Unstable −4.44 −13

Proposed design 0.77 3.38 11.3 8.7 17.7 60

Lag compensator 14 6.24 53.2 17.9 23.8 60

3.4 A Stable Fifth-Order System Without Time Delay

A process with G(s) = 1

s(s+1)2(s2+2s+3)
is considered. For the uncompensated system,

the gain margin and phase margin are 8.06 dB and 43.9°, respectively. The desired
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gain and phase margins are specified as 10 dB and 60°, respectively. Hence, the trans-

fer function of the proposed compensator is expressed as Gcomp(s) =
(1+507.614s)

(1+829.9413s)
.

This is compared with lag compensator design method which yielded the compen-

sator transfer function as Glag(s) =
(1+27.027s)

(1+60.0203s)
. This is also compared with lead com-

pensator design method which yields Glead(s) =
(1+3.6356s)

(1+1.1598s)
. The unit-step responses

of the closed-loop system obtained using the proposed compensator, lag compen-

sator, and lead compensator are shown in Fig. 8. Bode plot of the system is shown in

Fig. 9. Time- and frequency-domain specifications are obtained from the plots and

tabulated in Table 6.

It is seen from Table 6 that the proposed compensator design method has achieved

satisfactory results, whereas the lead compensated system does not satisfy the desired

Fig. 8 Unit-step responses for the fifth-order system

Fig. 9 Frequency responses for the fifth-order system
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Table 6 Specifications of the fifth-order system

Method ε (deg) tr (sec) tr (sec) Mp (%) GM (dB) PM (deg)

Uncompensated – 3.35 24.9 27.1 8.06 43.9

Proposed design 0.32 5.52 18.3 7.12 12.3 60

Lag compensator 8 7.13 59.2 11.1 14.7 60

Lead compensator 15 2.19 20.2 23.8 5.1 49.5

specifications. ε is varied on a trial-and-error basis for the design of lag and lead

compensators, whereas ε is negligible in the proposed design.

3.5 A Stable Second-Order System Without Time Delay

A unity feedback system with G(s) = 4
s(2s+1)

is considered. It is desired to

design a lag compensator and obtain a phase margin of 40°. The transfer func-

tion of the compensator is obtained using the proposed compensator design as

Gcomp(s) =
(1+170.068s)

(1+751.005s)
. This is compared with the lag compensator design method

which gave the compensator transfer function as Glag(s) =
(1+10.8992s)

(1+78.5778s)
. A compar-

ison is also done with lead compensator resulting in Glead(s) =
(1+0.8951s)

(1+0.3777s)
. The

unit-step responses of the closed-loop system obtained using the proposed compen-

sator, lag compensator, and lead compensator are shown in Fig. 10. Bode plot of the

system is shown in Fig. 11. ε, gain margin, phase margin, rise time, peak overshoot,

and settling time obtained from the various compensated systems along with the

uncompensated system are tabulated in Table 7.

Fig. 10 Unit-step responses for the second-order system
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Fig. 11 Frequency responses for the second-order system

Table 7 Specifications of the second-order system

Method ε (deg) tr (sec) tr (sec) Mp (%) GM (dB) PM (deg)

Uncompensated – 0.85 14.2 57 Infinity 20

Proposed design 0.65 2.11 16.6 29.3 Infinity 40

Lag compensator 11 2.88 25.4 35.6 Infinity 40

Lead compensator 4 0.68 4.4 32.1 Infinity 40

It is seen from Table 7 that the proposed compensator design method has achieved

satisfactory results. ε is varied on a trial-and-error basis for the design of lag and lead

compensators, whereas it is negligible in the proposed design.

Following inferences can be drawn from the above five examples.

1. The proposed compensator design procedure is useful to meet the desired

frequency-domain specifications in various type 1 lower and higher order

systems.

2. The transient response obtained using the proposed compensator is found to be

better compared to that of lag and lead compensators.

3. The proposed compensator design procedure is non-iterative, whereas the design

methods of lag and lead compensators are iterative.
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4 Conclusions

Proposed first-order compensator is found to yield very good results in terms of time-

and frequency-domain specifications for type 1 second-, third-, and higher order

systems with and without time delay. Since the compensator designed is capable of

giving results better than a conventional lag and lead compensator, it can also be

extended as the generalized non-iterative procedure for the design of compensators

to various systems.

The compensator is found to yield comparable results to PID controller for a

BLDC drive fed position control system under dynamic conditions, and hence it can

be employed in type 1 second-, third-, and higher order systems as an alternative to

PID controller. The desired specifications can be fixed based on the results of the

PID controller in such systems.

To extend the use of the proposed compensator further, a higher order system can

be reduced into an equivalent type 1 third-order system and accordingly the desired

specifications can be fixed. Moreover, the design procedure can be investigated to

find its suitability to type 0 and type 2 systems also.
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Safe-Ride : Automatic Recognition of Potholes and Humps on 

Roads using Ultrasonic Sensor and Notifying the Same to the 

Drivers 
Anjana Sharma*1, Namratha L Bemane2 

 

*12Department of Computer Science and Engineering, New Horizon College Of Engineering, Bangalore, India. 
 

ABSTRACT 
 

There have been humps and pit holes on a path from the day the road came into being. It was one of the main 

problems of road maintenance. Because of this many accidents and vehicle damages have occurred 

particularly in a metropolitan city where there are more vehicles. The solution to this problem is to develop a 

system which uses a beneficiary of regional structure to detect the topographical location of the potholes and 

protuberances. 

Keywords : Potholes, Humps, Raspberry PI, Ultrasonic sensor, Database, Cloud, Android. 

 

I. INTRODUCTION 

 

India is considered one of the rapidly developing 

countries as of today. India's road network is gigantic 

and is the dominant means of transportation in India 

today, giving it a thought about the condition of the 

roads. Roads indirectly contribute to the economic 

growth of the country and the roads must be well 

built and strong. India has troubling street and traffic 

conditions as the bulk of India's streets are tight and 

clogged Nowadays street mishaps are a major issue in 

many provinces, with poor surface quality and 

uncomfortable street maintenance needs not being 

met. Road accident is due to the unevenness of the 

road surface and fast driving. Traffic jam, safety 

issues, rash driving, lawlessness and increasing load 

of vehicular traffic are decreasing the quality of the 

road.  

Streets typically have bumps with the intention that 

the pace of the car can be managed to stay away from 

mishaps and potholes caused because of nil support 

of the street and downpour. To eradicate the 

potholes on the road, several types of research and 

studies have been done. These irregular road 

conditions may cause accidents, Reducing the quality 

of driving and consuming more fuel than required. 

Hence, in this paper, we have proposed a framework 

that catches the geological area directions of the 

potholes and mounds utilizing a worldwide situating 

framework beneficiary. Ultrasonic sensors are 

utilized to distinguish the pit openings and mounds 

and furthermore to gauge their profundity and 

tallness, separately. The detected information 

incorporates pothole profundity, the tallness of 

protuberance, and geographic area, which is put 

away in the database (cloud) for a specific street. so 

that the next Driver on the same road would have a 

pre-data about the road where humps and pit holes 

are recorded and can be used to give Voice 

notification to the driver within a given range say 

100m away from it by keeping track of his GPS 

location. The main objective of making a pothole and 

hump detection system is to help drivers in many 

ways and thus assisting them in avoiding a future 

accident by helping drivers to drive safely. 
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II. RELATED WORK 

 

This segment gives a total portrayal of the current 

arrangements and concentrates for recognizing 

potholes and mounds on streets. Yuquan [1] built up 

a model which utilizes optical imaging rule of 3-

dimensional projection change to get generally data 

of pothole's virtual diagrammatic segment in pothole 

identification. The technique utilizes straight drove 

light and 2 CCD (Charge Coupled Gadget) cameras to 

get asphalt pictures. Numerous computerized picture 

preparing innovations, including binarization, 

picture handling, diminishing, three-dimensional 

recreation, blunder investigation, and pay are led in 

the arrangement of picture examinations, preparing 

to get the profundity of potholes yet results get 

influenced by the force of drove light and ecological 

components. 

Lin and Liu [1] proposed a strategy for pothole 

location dependent on SVM (Bolster Vector 

Machine). Example measure dependent on the 

Histogram is removed as the properties of the picture 

locale, and the non-straight help vector machine is 

developed to distinguish whether an objective area is 

a pothole. 

Moazzam [1] has built up a model in which a 

minimal effort Kinect sensor is utilized it gives the 

immediate profundity estimations, along these lines 

making less processing expenses. Cross sections are 

made for better representation of potholes. The 

region of the pothole is examined contrasted with 

profundity. The rough volume of pothole and 

protuberance is fathomed utilizing the trapezoidal 

guideline on territory profundity bends by means of 

asphalt picture investigation. Other than pothole's 

zone, length, and width are assessed. The paper 

likewise proposes an approach to describe pothole. 

Samyak Kathane [1] have proposed a model which 

is Real-time pothole detection and vehicle accident 

detection and reporting system and Antitheft. In this 

system the wireless access point collects the 

information about potholes, it distributes this 

information to BMC using wireless broadcast. This 

system is used for accident detection too. Antitheft 

in the car can help to save millions of dollars. Sensor 

boards that we used for collecting the 

environmental data also have an accelerometer 

that can measure both the vertical and the horizontal 

acceleration. for example, when a bus goes over the 

pothole there would be a significant change in the 

vertical component of the acceleration and for 

humps, there would be a horizontal component. 

Gunjan Chugh [1] have developed a system in which 

the various road conditions are detected using a 

smartphone sensor. This system includes a set of 

sensors installed in vehicles. Using sensors for 

detecting road condition is one of the most common 

approaches and making GPS receiver to collect the 

data. This solution helps to detect the irregularities 

in roads such as potholes and humps. 

 

III. PROBLEM STATEMENT 

 

Poorly maintained roads are a part of our daily life in 

most developing countries including India. A well-

maintained road network is a must for the 

development of any country. One of the increasing 

problem roads face is worsened road conditions such 

as potholes and humps. Unexpected hurdles or 

anomalies on the roads may cause a large number of 

accidents, also due to bad road conditions fuel 

consumption increases, resulting in wastage of 

limited fuel resource. All these reasons push us to 

face the fact that it is necessary to get information 

about such bad road conditions, collect and 

distribute it to all drivers on the road, which can 

warn the driver [4]. So, it is necessary to create an 

effective road surface monitoring system. Automated 

pothole and humps detection are the main goal in 

the system. The aim is to develop a system based on 

IoT to detect potholes and humps on the road which 

catches the geological area directions of the potholes 

and protuberances utilizing a worldwide situating 

framework recipient. give Voice notification to the 

driver within a given range say 100m away from it 

by keeping track of his GPS location via an Android 

application and update the information as required. 
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IV. OBJECTIVES 

 

The significance of our paper is to provide the best 

utilisation of our system to protect the users from 

accidents by sending the information such as 

location of potholes and humps to users driving in a 

rod which data has been pre-recorded in the 

database from the initial user who travelled on that 

road. The two major objectives are: 

• To capture the data from the proposed system, 

able to process the data and send it to the next 

person travelling on the same road using the 

navigation application for the humps and pit 

holes.  

• Updating the data on the cloud or central server 

DB whenever a new pit holes or humps are 

formed from the first person’s vehicle sensor 
travelling on the road using the navigation 

application. 

 

V. PROPOSED METHODLOGY 

 

This proposed system of detection and notification 

of potholes and humps to the drivers is a cost 

effective solution. 

Raspberry Pi 4: Raspberry Pi 4 Model's speed and 

performance is a step up from earlier models. a high-

performance 64-bit quad-core processor, dual-display 

support at resolutions up to 4K via a pair of micro-

HDMI ports,  up to 4GB of RAM, The higher bus 

speed that enables USB 3 support also allows the on-

board Ethernet port to support true Gigabit 

connections (125 MBps) where the last-gen models 

had a theoretical maximum of just 41 MBps. The 

microSD card slot is also twice as fast, offering a 

theoretical maximum of 50 MBps versus 25 MBps on 

the 3B+. The dual-band wireless LAN, more and 

faster RAM, and Bluetooth have modular compliance 

certification, allowing the board to be designed into 

end products with significantly reduced compliance 

testing, improving both cost and time to market. 

Ultrasonic Sensors: The HC-SR04 is a generally 

utilized ultrasonic sensor and contains a transmitter 

and a recipient. It is essentially used to gauge the 

separations between the item place before it and the 

sensor. The ultrasonic sensor transmits high-

recurrence sound waves and trusts that the reflected 

wave will hit the beneficiary. The separation is to 

compute the time interim between the sending of 

the sign and the getting of reverberation. The 

working rule of this gadget is shown in figure 2. It 

chips away at the Doppler Impact. There are 

numerous sorts of ultrasonic sensors with fluctuating 

transmission ranges and points of location. This 

sensor gives about 2cm to 400cm of non-contact 

estimation include with an exact range that will 

reach up to 3mm with a 15° edge of location. It is 

utilized to quantify the separation at which mounds 

are available before it. Each HC-SR04 module 

incorporates an ultrasonic beneficiary, control circuit, 

and transmitter. The ultrasonic sensor is utilized for 

estimating the profundity of a pothole and stature of 

a mound and sending the timestamp of the 

information for figuring the scope and longitude [5]. 

GPS Receiver: Worldwide Situating Framework is a 

satellite route framework made up of at any rate 24 

satellites and is utilized to catch geographic area and 

time, independent of the climate conditions. It is 

kept up by the US Government and is openly 

accessible to anybody it works in any climate 

conditions, anyplace on the planet, 24 hours every 

day, with no membership expenses or arrangement 

charges. It gets the GPS data from satellites in the 

National Marine Gadgets Affiliation (NMEA) 

position. The NMEA has characterized a standard 

organization for the GPS data. This is trailed by 

every one of the satellites. The standard characterizes 

different codes, for example, GLLLatitude/Longitude 

information, GSV – Point by point satellite 

information and RMC-Least Prescribed Information. 

A GPS tracking component is a device that uses the 

Global Positioning System for determining the 

location of a vehicle, person, or another asset to 

which it is attached or fixed.  This position will be 

recorded at regular intervals. The obtained location 

data can be stored within the GPS unit, or it may be 

transmitted to a database(local system or central 

cloud), or internet-connected computer, using a 
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cellular may be SMS or GPRS, satellite or radio 

modem embedded in the unit. 

Buzzer: A buzzer or beeper is an audio signalling 

device, buzzer used in this project is an alarming 

device, Buzzer is an integrated structure of electronic 

transducers, DC power supply, Active buzzer 5v 

rated power can be directly connected to a continues 

to sound. 

 

VI. ARCHITECTURE 

 

The system architecture of the pothole detection 

system is as shown in Fig 1. The system consists of a 

sensor, GPS receiver and a computer which processes 

the received data. The processed data is then used for 

a database creation of the latitudes and longitudes of 

potholes and humps. Then that data is shared to a 

cloud server where it is shared to all users in that 

road through a [2] Mobile application which gives 

voice notification to the users while they are few 

meters away from the potholes and humps guiding 

them to drive safely avoiding accidents. 

 
Fig. 1 Components Structure. 

 

VII. DESIGN AND IMPLEMENTATION 

 

The engineering of the proposed framework 

comprises 3 sections: Raspberry unit, cloud unit and 

client application unit as shown in Fig 2. is utilized 

to assemble data about potholes and bumps and their 

topographical areas and this data is sent to the server. 

The server module gets data from the 

microcontroller module, procedures, and stores in 

the database. The versatile application module gets 

the data put away in the cloud server database and 

gives auspicious alarms to the driver. The usage 

segment comprises of the flowchart for the working 

of the model is demonstrated as follows: 

  
Fig. 2 Workflow of Model. 

 

Raspberry pi module: Understanding the working of 

the sensor and its information with the proposed 

framework. sensors ought to have the option to 

Quantify the Limit separation for the vehicle and the 

street to identify the mounds and potholes. Getting a 

similar pattern of data for different sizes of humps 

and pit holes. Alternatively Making a proper 

detection with buzzer sound when the threshold is 

changed. Plotting of the graph from the data 

obtained for analysis and finding the exact timestamp 

when the humps or pit holes are detected. Threshold 

distance monitoring of the ultra-sonic senor for the 

hump and pit hole detection. Capturing the time 

stamp when there’s a change in threshold distance. 
[3] Using the data from the GPS tracking and 
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matching its timestamp to the timestamp obtained 

from the sensor data and pointing the exact 

geographic location i.e. latitudes and longitudes. 

Tracking the GPS of the driver along all the time 

using any of GPS tracking devices. Matching the 

timestamp of the data with the time of his location at 

that time and acquiring the co-ordinates of the 

location on that time stamp. 

Mobile Application module: Developing an Android 

mobile application or a Micro-service around the 

proposed cloud platform for mobile devices of the 

users. The mobile application can help users to 

monitor their location with also providing them the 

data stored in the cloud by tracking their location 

and its distance from an ahead hump or pit holes. 

Notifying the users through a voice message while 

they are some distance away from it. This proposed 

system of detection and notification of potholes and 

humps to the drivers is a cost-effective solution. 

Cloud server module: Creating a Local database for 

storing the Timestamp values and co-ordinates 

where the data change has been detected. Sending 

the data to a Central server Database and sharing it 

to other devices connected through a common 

network. Sending an Acknowledgement to the back 

to device after receiving all data for the removing of 

data from local storage. Creating a Cloud account 

with proper infrastructure for the working of the 

device and storing its data with a standard citation. 

Moving all the data from the local storage to cloud 

and assuring of the exact precision of the data 

obtained to the generated. Sending the processed 

location coordinates to the cloud server where the 

data is shared to another driver through an Android 

application traveling in the same path next. Creating 

graphs and charts for the analysis of the data 

gathered and provide proper machine learning 

algorithms to process and the system efficient in 

working. 

 

VIII. RESULTS 

After Completion of the project we would be getting 

the following results as the output stored in the 

database for a user to access it via an application. 

Table 1 shows the data stored in the database in 

standard format. 

 
 

IX. CONCLUSION 

 

The model proposed in this paper fills 2 significant 

needs; programmed location of potholes and mounds 

and alarming vehicle drivers to avoid potential 

mishaps and vehicle harms. The system is developed 

that will be placed at the base of any two-

wheeler/three-wheeler/four-wheeler vehicle. The 

system will consist of two sensors i.e. ultrasonic 

sensor and GPS receiver. The ultrasonic sensor will 

detect the pothole/hump and the timestamp of the 

detection is stored in the database along with the 

coordinates at that time in the form of latitude and 

longitude at the local and cloud database The 

proposed methodology is a monetary practical 

answer for recognize loathsome potholes and uneven 

protuberances, as it utilizes ease ultrasonic sensors. 

An android versatile application is utilized to alarm 

or inform drivers with the goal that fundamental 

measures can be taken to maintain a strategic 

distance from mishaps. Cautions are given as the 

voice message and furthermore make new 

identifications to refresh the cloud database helping 

different clients. The arrangement additionally 

works in the stormy season when potholes are loaded 

up with water as notices are given utilizing the data 

put away in the database. This fills in as a significant 

wellspring of data to the administration specialists 

assisting them in the support of street and vehicle 

drivers with driving securely. 
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FUTURE WORK 

The Proposed project in a large scale can help solve 

many Real-World problems such as accidents due to 

new speed breaker on the old road, Reducing the 

vehicle damages during rainy season by avoiding the 

pit holes on the weak road. it would also help in 

notifying the Ministry in charge of the maintenance 

of roads to fix pit holes and help citizen travel secure, 

comfort and hassle free. The system is more useful in 

rainy season as the potholes and humps get covered 

with water. In future, a camera can be included in 

device to click a picture of detected pothole or hump. 

Also, a tracker can be included in device so as to 

improve security measurements. 
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ABSTRACT 
 

Facial recognition software is a biometric computer application that is capable of identifying an individual by 

analysing or comparing his/her facial features. This paper proposes to use facial recognition in ATM systems to 

enhance security. Face recognition begins with an image, attempting to find a person in it. This can be 

accomplished using several strategies including movement, skin tones, or blurred human shapes. An ATM 

model that uses facial recognition would protect customers and financial organisations alike from intruders and 

identity thieves. 

Keywords : Face recognition, ATM, biometric, voice modulation, principal component analysis. 

 

I. INTRODUCTION 

 

With the innovative advances in both technology 

and banking, most bank clients like to utilize 

Automatic Teller Machines (ATMs) and the internet 

for carrying out their financial transactions. 

Customers particularly use ATMs for transactions like 

withdrawal of money or deposit. However, ATMs also 

face a number of security and identity theft issues. 

The use of biometrics, specifically facial recognition 

in ATMs offer a promising solution to these issues. 

Biometrics is a computerized methodology to 

uniquely identify individuals using their behavioural 

or biological characteristics.   

  

  

However, these fields have their own set of challenges. 

For example, the human face is not a distinctive, firm 

entity. Several instances and circumstances can cause 

the appearance of the face to differ. These include 

brightness, posture, ageing, external factors like beard, 

glasses, hair style etc. Even facial expression 

influences the face recognition. All these factors affect 

the accuracy of face recognition. Therefore, in this 

research, the approach of hybrid face recognition is 

used. This system is developed using split PCA 

(Principal Component Analysis) and constant 

hyperplane for SVM (Support Vector Machine) 

classifier. 

 

II. Principal Component Analysis 

 

Principal Component Analysis is a statistical 

algorithm that uses orthogonal conversion to obtain 

principal components from multidimensional data. 

The primary principal component is the linear 

combination of the original scopes that has the highest 

unpredictability. The nth principal component is the 

linear combination with the highest unpredictability, 

being orthogonal to the n-1 primary principal 

components.   

http://ijsrcseit.com/
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Fig: PCA for Multi-Dimensional data 

 

III. SUPPORT VECTOR MACHINE 

 

Support-vector machines are supervised learning 

models with corresponding learning models that 

examine the data used for classification and regression. 

SVM is a grouping algorithm that intends to split two 

data sets with maximum gap between them. SVM 

finds the hyperplane that splits the most sizeable 

viable group of points of the same class on the same 

side, while maximizing the gap from either class to the 

hyperplane.  

   
Fig: SVM Class 

We modify SVM to face recognition by adapting the 

understanding of the output of an SVM classifier and 

designing a illustration of facial pictures that is similar 

to a two-class problem. To direct our SVM algorithm, 

we express the problem in a variation space, which 

specifically identifies the dissimilarities and variations 

between two facial images.  

        

   
Fig: Processing of Face through Webcam 

  

In variation space, we are concerned about the 

following two classes: the dissimilarities between 

images of the same person, and dissimilarities 

between images of different people. These two classes 

are the input to the SVM algorithm. An SVM 

algorithm produces a decision graph which separates 

these two classes. For face recognition, we re-

interpret the decision surface to produce a similarity 

measure between two facial images. This allows us to 

generate face-recognition algorithms. To test the 

ability of the algorithm to identify faces, the 

algorithms need to be trained on a varying set of faces. 

 

IV. COMBATING AUTOMATED TELLER 

MACHINE FRAUDS THROUGH 

FACIAL RECOGNITION ATM    

TECHNOLOGY 

 

In the recent decade the usage of technology is 

exponential increased. Through this nonetheless it has 

made our lives easy but also brought in many fraud 

techniques. Hence, it there is an utmost need to 

improvise security in the banking region. Therefore, 

in this paper a discussion is made about face along 

with voice recognition, an important field of 

biometrics which can cut down the number of frauds 

using ATMs. There are several algorithms being 

developed among which some have made great efforts 

to rescue the unsafe situations at an ATM. The two 

most popular techniques namely are appearance based 

and geometric based.  
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∑ 𝑀 𝑖 = 1 

A. About Credit Cards:  

• Strong algorithms are used to generate PANs 

   

• Storage of card details is done on one protected 

system  

• While communicating PAN is masked  

B. About PIN:  

• PIN mailers are not usually dispatched with the 

cards and usually a different medium is used  

• PIN selectable options are used to prevent insider 

compromise  

• PINs are masked during usage. 

 

V. PROPOSED METHODOLOGY 

 

I. Partial Synchrony: Partial synchrony may be 

outlined as follows:  
1. Fit an appropriate nonlinear model to 

each of the two concurrently noted 

complex cells with interleaving 

receptive columns.  

2. Note the time course of certain 

logical quantity of the functional 

mutual input. The input/output 

designs built for the couple of 

complex cells would quantify to two 

precise spike-activity functions, say f( x→)  and g( 𝑥→ ), of the strength 

image 𝑥→ , as calculated over the 

merger of the receptive fields. 

(Feasibly  𝑥→   would first be 

normalized, or otherwise pre-

processed. One normal logical 

measure of functional common 

input, would be the total of the 

products of the partial derivatives, i.e. 

the inner product of the gradients: ∇f( 𝑥→). ∇g ( 𝑥→) . 
3. Note the time course of the significance of 

synchronous events in, say, the last one-
hundred milliseconds.  

  

II. Principal Component Analysis:  It is a 

statistical algorithm that executes a 

dimensionality reduction by drawing out 

the principal components of the 

multidimensional data.  

Method of Finding the principal component:  
Find the linear combination of the primary 

variables with high variance.  

The covariance matrix C or correlation matrix 
R is computed.  

The eigen values and eigen vectors of C or R is 

calculated.  

The eigen values e1,e2,e3……ep are computed 
in descending order.  

The corresponding eigen vectors a1,a2,a3….ap 
are calculated.  

Y1=a11x1+a12x2……+a1pxp is the first principal 
component  

Y2=a21x1+a22x2……+a2pxp is the second principal 

component 

… 

Yp=ap1x1+ap2x2……..+appxp is the pth  principal 
component.  

1. Choosing principal components:  

∑𝐸𝑖=1𝜆𝑖 
 → threshold  𝜆𝑖 

By using this criterion, the requirement of 
the number of principal components can be 
determined.  

Support Vector Machine:   

SVM is a classification algorithm that intends 

to split two data sets with the largest gap 

between them. SVM finds the hyperplane 
that separates the largest possible collection 

of points of the same class, while maximizing 
the gap from either class to the hyperplane.  

Combining  Voice  and  Facial 
Recognition:   

The system operation starts when the user 

pronounces a voice password through the 

mic. If the voice password is recognised, the 
next step goes to face detection. Using a USB 

camera interface an image of the face is 

captured and stored in the database and when 

the user uses the card again, his image is 
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captured again and compared with the 

previous database. If the images match, the 
access is granted.  

Comparison of the facial image is done using 

Adaboost and PCA (Principal Component Analysis). 

If the images match, the ID is displayed and the 
buzzer beeps.  

The major steps in facial image and voice recognition 

are real time image recognition, USB interface, image 

processing, pronouncing the password and voice 

processing. 

 

VI. SECURING CUSTOMERS THROUGH 

FACIAL RECOGNITION 

 

Face recognition software:  

1. The face key recognition technology performs 

the following tasks:  

Locates a moving object with a camera view  

Determines if the moving object is a face  

Compares the live face with samples from database  

Face recognition technology works using camera 

and low- or high resolution CCTV cameras.  

 Face capturing technology: Face finding 

technology captures all the faces in a cameras view. 

Then is stores each image in a separate folder for quick 

reviews-or for use with another face key technology. 

Each face  

is saved with a time and date stamp. In addition to 

faces, facial profiles and images of human bodies can 

be captured and stored.  

Search and Match:  

  Search and match advisory technology is available 

to assist in the identification of facial images extracted 

from the video stream or from a watch list database. 

This function operates by comparing a subject’s photo 
to a database of faces and selecting the faces from the 

database which look the most like the subject’s face.  

   
Fig: Block diagram explaining the working of  

ATMs with facial recognition technology 

 

VII. FRAUDS THAT CAN BE PREVENTED 

BY FACIAL RECOGNITION 

TECHNOLOGY 

 

Unauthorised financial operations using lost or stolen 

cards and pin codes which many inexperienced card 

owners write down on a card or sore the PIN code 

together with the card.  

Fraud based on Trust- The card or its duplicate can be 

used by a fraudster without the permission of the card 

owner. 

 

VIII. ADVANTAGES OF FACIAL RECOGNITION 

TECHNOLOGY 

 

• Delivers a practical and workable solution 

that addresses the requirements of the 

regulatory authority Reduces financial risks  

• Provides a framework that allows high 

withdrawal limits to cater for the demands of 

a cash-focused customer base  

• Takes societal responsibility to reduce rising 

levels of crime Increase customer satisfaction 

 

 

IX. CONCLUSION 

 

This paper deals with various methods of facial 

recognition that makes credit card transactions and 

hence the entire finance world more secure. The 
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principles, basics and physics behind the working of 

the human eye and image processing inside the 

human brain i.e., invariant and selective vision, is 

used to improve the working of the webcam and 

hence make systems based on facial recognition more 

effective. The problems in facial recognition may also 

be solved using the method of split PCA which 

employs mathematical procedures and dimensionality 

reduction. Multi-biometric security systems may also 

be used in credit card readers i.e., facial recognition 

(spectral analysis) using Matlab and voice recognition 

using ARM. This paper therefore deals with methods 

and procedures that make credit card transactions 

secure and fool proof. 
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ABSTRACT 
 

The Power System Stabilizer (PSS) is a controller, which is used to mitigate the instability of Low Frequency 

Oscillations (LFOs) in power systems. The condition of oscillatory instability can also cause the loss of 

generator synchronism. It is observed that the damping provided by PSS depends on the proper selection of 

its parameters. This paper presents the systematic method for the selection of PSS parameters using 

evolutionary nature inspired optimization technique called Flower Pollination Algorithm (FPA). FPA is 

employed for selecting the optimal parameters of PSS so as to mitigate the low frequency oscillations of 

generator rotor and thereby oscillatory instability. The system consists of Single Machine with PSS which is 

connected to Infinite Bus (SMIB) through a transmission line. The transient simulation validates the 

performance of the system with optimized PSS. The results show that PSS with FPA optimized parameters 

provides fast and stable response. 

Keywords: Power System Stabilizer (PSS), Low Frequency Oscillations (LFOs), Flower Pollination Algorithm 

(FPA). 

 

 

I. INTRODUCTION 

 

 

The modern power systems with a long transmission lines are critically affected by low frequency 

oscillations particularly under stressed condition with random high load fluctuations. The occurrence of load 

fluctuations can initiate the swinging of generator rotor and hence low frequency oscillations originate. The 

ever present random load fluctuations can cause an adverse harmful effect on the rotor oscillations. If the 

damping of the system is not adequate (even if negative) then the adverse effect is shown in the long 

transmission line which threatens the power system stability and also the longevity. Hence, it is noteworthy 

that damping of the system has to be improved in the low frequency range. PSS is the supplementary 

controller in the excitation system which helps to mitigate the problems of LFOs. It is a cost effective and 

satisfactory solution [1], [2]. There exists a considerable literature on the design of PSS to mitigate the LFOs 

and to enhance the system stability. The advantages of NN tuned Fuzzy Logic (FL) based PSS are 

simplification in learning capability and high computational speed. In [6], Bat Algorithm (BA) based PID-PSS 

is presented. The PID-PSS parameters are optimized using BA.  

The tuning of PSS parameters by using a recently proposed algorithm called Oppositional 

Gravitational Search Algorithm (OGSA) is done in [7], which is used to mitigate LFOs and improve dynamic 

http://ijsrcseit.com/
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stability of the system. The design of PSS based on Genetic Algorithm (GA) is reported in [8], which is used to 

suppress the rotor oscillations, enhance the settling time and overshoot. The optimization of PSS parameters 

using Particle Swarm Optimization (PSO), Bacterial Foraging Algorithm (BFA) and Gravitational Search 

Algorithm (GSA) is reported in [9], [10] and [11] respectively. The above stated optimization techniques have 

some drawbacks, such as consume more computational time, complexity, encoded parameters requires more 

capacity and results with less accuracy. The best features of FPA are the global survey and local manipulation 

in the same iteration and randomness in every iteration by way of abiotic pollination. In this paper, a 

systematic selection of PSS parameters using flower pollination algorithm is presented. The objective of this 

paper is to improve the system stability and optimize the PSS parameters using FPA. The performance of the 

system with optimized PSS parameters is validated through the transient simulation under large disturbance. 

The sections of this paper are organized as follows. The modelling of the power system is presented in Section 

2. The design of PSS is explained in Section 3. The results and discussion are described in Section 4. At last, 

the conclusion is presented in Section 5. 

 

II. Modelling of the Power System: 

The power system model schematic diagram is shown in Figure 1. It includes synchronous generator, 

PSS, automatic voltage regulator, transformer, transmission line and infinite bus. The resistance and reactance 

of the transmission line are denoted by Re and Xe respectively. The AVR and the excitation system are used 

for the controlling the terminal voltage of the synchronous generator which is indicated by Vt. 

 
Fig. 1: Structure of Power System Model [1] 

Structure of Power System Stabilizer: 

The purpose of PSS is to enhance the damping torque so has to overcome the negative damping 

provided by high gain, fast acting excitation system. The suitable input signal of PSS for this purpose is the 

generator speed deviation signal  [1], [2]. The structure of PSS is shown in Figure 2. 

 
Fig. 2: Structure of Power System Stabilizer [1] 

The PSS primarily consists of four blocks namely: gain, washout block, dynamic compensator and torsional 

filter. The torsional filter is not considered here. The output of PSS (Vs) is given to the AVR as an input 

signal.  
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1) Gain: The damping of low frequency oscillations, which corresponds to swing mode, depends on the gain 

(KPSS) of PSS. Hence, the optimal value of gain must be chosen so has to obtain the maximum damping of 

swing mode.  

2) Washout Block: The output signal of PSS may contain steady state bias. In order to remove the steady state 

bias, the high-pass filter is used in PSS, which is called as washout block.  

In general, the constants of compensator block are chosen to provide suitable phase lead 

compensation in 0 to 3.5 Hz. Also, T1 > T2 and T3 > T4. The transfer function of the dynamic compensator is 

given as follows  

 

 
The complete transfer function of PSS is given as 

 
Where KPSS, TW, T1, T2, T3 and T4 are gain, time constants of washout and compensator blocks 

respectively. 

 

Design of Power System Stabilizer: 

The objective of PSS is to mitigate the LFOs and thereby enhance the stability of the power system. 

The improvement in the damping and stability can be achieved by properly selecting the parameters of PSS. 

Here, the gain and time constants of PSS are selected using flower pollination algorithm with the aim of 

improving the system damping. In the following subsections, the FPA optimization technique and the 

formulation of objective function are explained. 

Flower Pollination Algorithm based Optimization Technique: 

FPA is an evolutionary optimization technique where the algorithm is based on nature inspired 

population. Surviving of best fittest plants is the main objective of the FPA to give the optimal reproduction 

of plants. Flower pollination is the process where pollens are transferred from one flower to the other giving 

rise to reproduction of the flowering plants. Switching action between local and global pollination is done by 

probability switch P. The range of probability switch (P) is lies in between 0 to 1 [12]-[14]. The four rules in 

FPA are as follows:  

Rule 1: Biotic or cross-pollination is categorized as global pollination. The pollinators carrying pollen 

follow Levy flights.  

Rule 2: Abiotic form of self-pollination is categorized as local pollination.  

Rule 3: Insects act as pollinators introduce loyalty to flowers resulting into the growth of probability 

to generate new individuals; the probability is proportional to the similarity between two flowers taking part 

into the process of pollination.  

Rule 4: Probability switch p [0, 1] is the controlling factor between global pollination and local 

pollination, somewhat biased towards local pollination.  
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The following steps are involved in FPA:  

Step-1: Setting the FPA parameters such as the number of generation (N), population size (n) and 

switch probability (p).  

Step-2: Random initialization of the parameters Xi, under consideration takes place for the assumed 

population size N. The fitness value is evaluated by calculating the objective function with every solution (Xi).  

Step-3: The process of global pollination starts with random number r for each solution (Xi), where r 

in [0, 1].  

Step-4: If r < p, the Le'vy distribution is adopted to generate the new solution as 

 
Were  L is a Le'vy flight and L > 0. The Le'vy flight is determined using 
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Step-5: Else, the local pollination takes place by producing random number , where  in [0, 1]. Step-6: 

Each solution (Xt+1) is calculated and the population is updated according to fitness value. Step-7: Sorting of 

solution and the newest best solution g* is found. Step-8: Step-3 to step-7 are repeated till the termination 

condition is satisfied. At the end, the best solution is presented.  

 

The non-linear optimization problems can be solved by employing FPA. FPA yields better 

performance compared to other optimization techniques. FPA gives numerous following advantages over 

conventional optimization techniques; such as, quick convergence, minimum complexity, superior 

computational speed and better performance. The flowchart of FPA is considered for the controller parameter 

optimization is shown in Figure 3.  

 

Formulation of Objective Function: 

The optimal set of PSS parameters is obtained using FPA. The primary objective in the design of PSS 

is to improve the system damping which can reduce the overshoot in rotor oscillations and suppress the 

oscillations in less settling time. Also, the stability of the system to be maintained.  

Considering these facts, the objective function E is formulated as: 

 
Where e = Tm-Te  

n = 1, 2,.........m.  

m is size of Tm array with transient simulation carried out for 2 sec.  

Tm is the mechanical torque and Te is the electrical torque.  

The objective function E is the sum of square of the difference between the mechanical and electrical torque, 

while maintaining the stability of the system.  

Hence, to achieve the desired performances, the optimization statement is structured as Minimize E Subjected 

to the condition that Real part of all eigenvalues < 0.  

The boundary limits of PSS parameters are given as 

 
The range of PSS parameters is assessed from the locus of eigenvalues. The trajectories of eigenvalues 

for the variation in controller parameters are shown in Figure 4. We observe that for the large values of time 

constants (T1 and T3), locus of eigenvalues are moving to right side of complex plane, hence the damping 

reduces and the eigenvalues are unstable. Hence, from the trajectories of eigenvalues and the realistic values 

of PSS parameters, we choose the upper and lower boundaries for controller parameters. Using FPA, the 

optimal parameters are obtained as: KPSS = 5.5, TW = 11, T1 = 0.15, T2 = 0.04, T3 = 0.15, T4 = 0.04 
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III. Results and Discussion: 

The performance of the system with FPA optimized parameters for PSS is determined by transient 

simulation and eigenvalue analysis. In transient simulation, the step change in the reference value of 

mechanical torque is applied at 0.5 sec and removed at 1.0 sec. In the FPA optimization process of PSS 

parameters, the best minimum value of objective function for different iteration and population sizes are 

plotted in Figure 5 and Figure 6. From Figure 5 and Figure 6 we observe that the value of objective function 

converges to best minimum in less number of iterations with increase in population size.  

 

 
Fig. 4: Movement of the eigenvalues with the variation of PSS parameters 

The location of eigenvalues in complex plane is plotted with optimal PSS parameters in Figure 7. In 

Figure 7, all the eigenvalues are on left half of the complex plane with optimal PSS parameters indicating that 

the system is stable. The response of rotor angle with optimal PSS parameters for the step change in 

mechanical torque is plotted Figure 8. 
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Fig. 5: Best minimum value of objective 

function in every iteration for different 

population size with 30 iterations 

 

Fig. 7: Location of eigenvalues in complex plane 

with optimal PSS parameters(Real part) 

 
Fig. 6: Best minimum value of objective function 

in every iteration for different population size 

with 50 iterations 

 

In Figure 8, the oscillations in generator rotor 

reduce with time and reaches steady state value. 

Hence, it is evident that the application of FPA to 

optimize the PSS parameters ensures the stability 

of the system. 

 

IV. Conclusion: 

In this paper, we have presented a systematic concept for the selection of PSS parameters based on FPA and 

to mitigate the LFOs of generator rotor. The FPA based optimization technique is used to optimize the 

controller parameters which ensures that the system is stable at the operating system conditions. The stability 

of the system is evident from the location of eigenvalues. The transient simulation results show that the rotor 

oscillations can be suppressed and reaches to steady state. The advantage of FPA is the fast convergence with 

less complexity. 
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ABSTRACT 
 

This study investigates  the effects of dufour and coriolis force on classic Rayleigh -Bѐnard problem for an 

laminar, viscous, unsteady incompressible fluid flow heated from below is extended to 3-dimesional  

convection in a finite geometry with isotropic and anisotropic porous media rotating with constant angular 

velocity.  For the given physical set-up, g partial differential equations of the physical configuration are 

transformed to a set of non-dimensional ordinary differential equations using similarity transformation.  This 

demands to apply Fourier series method to study the characteristic of velocity, temperature and 

concentration for the effect of Taylors number, Rayleigh number, Hartmann’s number  and Prandtl number 
for both anisotropic and isotropic porous media. The results of steam function and isotherms on various 

parameters have been discussed and found to be good agreement for the physical system.) 

Keywords: Isotropic and anisotropic porous media, Free convection, Coriolis force, MHD. 

 

I. INTRODUCTION 

 

Among the different forms of energy, heat energy 

for its application in wide variety of fields has its 

own importance not only in industry but also in 

personal life. Humans are associated with the, 

utilization [1-3], generation [4], transformation [5] 

and convection [6] of heat energy management and 

conservation.  In the last few decade research on 

thermally driven fluid flow and convection has 

considerably increased due to its applications diverse 

areas like, in meteorology, chemical food, 

metallurgical industries, nuclear reactor system, 

energy conservation and storage.  Essential coupling 

between flow and thermal filed makes the buoyancy 

driven flows has not been investigated much.  The 

problems in these flows are classified as free 

convection(external) and natural 

convection(internal) .  

Gelfgat et al. [7] in 2001 studied of the effect of 

magnetic field on the an axisymmetric convective 

flow,  convection in a vertical cylinder with a 

temperature variation on the sidewalls was 

considered. Galerkin method was applied to analysis 

the three dimensional stability of the flow. 

Rayleigh–Be´nard convection exist when the 

horizontal wall is heated from below. This study has 

been done for various applications, particularly in 

http://ijsrcseit.com/
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the field of  electronics. Rayleigh–Be´nard 

convection is represented by non-linear partial 

differential equations for momentum, mass and 

energy whose resolution becomes ambiguous when 

the Rayleigh number exceeds a critical value. Many 

detailed investigations on Rayleigh–Be´nard 

convection, as well as reviews on this, like those of 

Yang [8] and Koschmieder [9]. 

The transformation from the conductive to the 

convective mode takes place at higher Rayleigh 

numbers than those for cavities with isothermal hot 

walls, and the flow in the central part of the cavity is 

more complex and non-permanent Fusegi et al. [10] 

and Janssen et al. [11]. 

Initially numerical studies of Natural convection 

flow were normally limited to two–dimensional 

configuration with comparatively low Rayleigh 

numbers (Ra). The fundamental ground of work was 

setup by de Vahl Davis et al [12] it gave original 

standard solutions for a square 2D cavity with 103 to 

106 ; subsequently, Hortmann  [13] came up  with 

more accurate results by using the multi-grid method 

with a extremely finer mesh. Lot of others have 

duplicated the results with Ra up to 108 [14–17]. 

1.1 Nomenclature 
a =  width of 

the rectangular 

channel 

 =  Thermal 

expansion co-

efficient 
c =  Specific 

hear at constant 

pressure 

g = (0,0, )g−  

acceleration due 

to gravity 

h =  Height of 

the rectangular 

channel 

 =   Thermal 

diffusivity in 

isotropic case 

( , , )x y z   =

 Thermal 

diffusivity 

along , ,x y z  

axis in 

anisotropic case 

k =   

Permeability in 

isotropic case 

( , , )q u v w= =  Velocity 

of the fluid 

aR =  Thermal Rayleigh 

Number 

t =  Time 

T =  Temperature 

T =  Characteristic 

temperature difference 

0T =  Reference 

temperature 

 =  Deviation from static 

temperature 
 =  Density 

0 =  Reference density 

( ) ( ),
S f

c c   =Heat 

capacity per unit volume 

of the solid and fluid 
, ,x y z =  Space 

coordinate 
 =Thermal viscosity 

( ),x y = =  

Streamline function 

Rc =  Solutal Rayleigh 

Number  

0S  = Reference 

Concentration 

S =  

Characteristic 

Concentration 

difference  

s =  Deviation 

from the static 

concentration 

 =   Growth rate 

2
2 d

Ta



= =  

Taylors Number 
2

k hx

k az

 = =
 
 
 

 

Anisotropic ratio 
2

x

z

h

a




 
 
 

= =  

Aspect ratio 

(0,0, ) =  =  

Uniform angular 

velocity of the 

system 

( ), ,k k k kx y z=

 Permeability 

along x,y,z axis 

in anisotropic 

case 

1p =  Pressure 

1

1 2
p p r= −   

S =  Concentration 

 , ,
x y z

  
 = =

  

 
 
 

 Three 

dimensional 

gradient operator  

2 2 2
2

, ,
2 2 2

x y z

  
 = =

  

 
 
 

 Three 

dimensional 

Laplacian operator 

 

Multiple attempts have been made on three- 

dimensional (3D) simulations, as the actual flow is 

always a 3D. the effects of a certain aspect of a ratio 

on flow patterns with Ra of order 106 was studied by 

Mallinson et al. [18]. Hysteretic  behavior , observed 

by Labrosses et al. [19] using a pseudo-spectral solver. 

Trias et al. [20,21] investigated the 3D cavity of 

aspect ratio 4 with periodic lateral walls and showed 

that there is significant difference in the flow 

dynamics between two- dimension and three- 

dimension results. It is emphasized that natural 

convection flow in a three dimensional cubical 

cavity with adiabatic lateral walls has been 

comparatively explored less [22-24]. 

There is no work carried out by to understand the 

effect of concentration on the temperature. This 

effect can be understood with the dufour term which 

is introduced in the temperature equation. Here the 

main objective of the study is to understand the 

effect of dufour and coriolis force on classic Rayleigh 

-Bѐnard problem for an laminar, viscous, unsteady 

incompressible fluid flow heated from below is 

extended to 3-dimesional convection in a finite 

geometry with isotropic and anisotropic porous 

media rotating with constant angular velocity. 

 

 

II. MATHEMATICAL FORMULATION 

 

A 3-D free convection in a rectangular porous box, 

non-uniformly heated from down is considered.  The 

porous media is considered to be saturated and an-

isotropic by a incompressible homogeneous fluid. 

The rectangular box is of width a and height h, we 

choose vertical direction of the box as z axis, the 
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horizontal walls of the box are at z=(0,h) and the 

horizontal direction along the length of the box as x 

axis, vertical walls are at x = ± a/2,  Fig. (1).  In order 

to neglect the inertia terms and appeal to Boussinesq 

approximation  Prandtl-Darcy number is assumed to 

be very large.  The 3-D model of the Darcy-

Boussinesq equations takes the formKeep your text 

and graphic files separate until after the text has been 

formatted and styled. Do not use hard tabs, and limit 

use of hard returns to only one return at the end of a 

paragraph. Do not add any kind of pagination 

anywhere in the paper. Do not number text heads-

the template will do that for you. 

0
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2 2

2 2x z
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+ + = +

     ,               (2.6) 

     0 0 0 [1 ( ) (  )]T T S S   = − − + − .
    

(2.7) 

 

 

Fig. 1. Physical Configuration.  

 

The lower and the upper walls of the box are at 

isothermal temperatures T0 andT0+∆T here ∆T is the 
absolute temperature. All the walls of the box are 

considered to heat conducting and impermeable. 
From the equations (2.1) to (2.7) we get that a static 

conduction occurs if the constant temperature 

circulation depends linearly on z  and is sovereign of 
x. 

0 1
z

T T T
h

= +  − +
  

    
,

 0 1
z

S S S s
h

= +  − +
  

    
  (2.8) 

Where   and s are the deviations from the static 

temperature and concentration respectively. 

Because  the flow is axis symmetric, we represent the 

stream function  ( , )x y = by  

,u w
z x

  
= = −

  .    (2.9) 

Non-dimensional terms are represented by asterisks

  ** * 2

2 2

*

, , , ;
yx z

z

avau w ch t
u v w t

h h h

 


= = = =

 
* * *
, , ,x ax y ay z hz= = =
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* * *0

0 0, , , ,zz

z

vk pa
T T TT p S SS

h k

 
  = =  =  = = 

      

.(2.10) 

On introduction of above expressions into equations 

(2.1)-(2.7), the governing equation takes the form: 

2 2

2 2
0a S a

s v
R R T

x z x x z


   
    

+ + − − =
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2

2
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2 2c S
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(2.13) 

2 2 2 2

2 2 2 21
S

m
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x z x z x t


 
 

     
+ + + − =

     

   
   
   

.

  (2.14) 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  210 

Where, Rs is the Solutal Rayleigh number (or 

Darcy- Solutal Rayleigh number) and Ra is the 

Rayleigh number (or Darcy- Rayleigh number,is 

given by 

, , .
g Sk h g Tk hSz zzR p RaS m T Csz z

 
   

 
  
 

 
= = =



 (2.15) 

The anisotropy aspect ratio of permeability and 

diffusivity of temperature are represented by 

, , and     

2 22

, , ,
k h h hx x x x

k a a az z z z

  
  

  
= = =     

     
     

 

2 2

,
1

k kh ax x x

k ka hz z z


 


= =   

   
   

.  (2.16) 

The boundary condition for absolutely impermeable 

boundaries and heat conducting walls is given by 

1 1
, 0 1

2 20 on
1 1

0, 1
2 2

x x z
v

S
z

z z x

 
= − =  


= = = =

 = = −  







.

  (2.17) 
 

III. STEADY FLOW PATTERNS AND LINEAR 

STABILITY 

Free convection, mentioned by linear versions of the 
equation (2.11) to (2.14). The solution of these 

equations can be expended in Fourier series as 

0

1

( )cos ( )sin
2

t

n n
n

C
e C x n z D x n z
  



=
= + +
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   (3.1) 

0
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2
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=
= + +
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=
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, 

  (3.3) 

0

1

( )cos ( )sin
2

t

n n
n

S
S e S x n z H x n z

  


=
= + +

 
  

. 

  (3.4) 

Where 
, , , , , ,n n n n n n nC D F G A B S

and nH
 are in terms of 

x only and the growth rate is represented . To 

satisfy the boundary conditions (2.17) we need to 

consider 
0n n n nC F S B= = = =

for all x . 

On substituting the equation (3.1) - (3.4) to the 

linearized governing equations, we get differential 

equations: 

   

2
2 2

2
0n n

n a S a n

dG dHd
D R R T n An

dx dxdx
    + − + =−

 
 
 

,  (3.5) 
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2
2 2

2

n
c n n
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P H Hn
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2 2
2 2 2 2

2 21

n
n n np H

m

dDd d
G Gn n

dxdx dx
   + − =− −

   
   
   

.     (3.8) 

And the boundary conditions for 
, ,n n nD G A

and nH

as below 

                           

1 1 1 1
0, 0,

2 2 2 2
D D A An n n n= = = =− −

       
       
       

             

1 1 1 1
0, 0.

2 2 2 2
G G H Hn n n n= = = =− −

       
       
       

       (3.9)

 

We can conclude from equation (2.11) - (2.14) and 

from boundary condition (2.17) that  to be real. 

Thus, to find critical Rayleigh number cRa

which is a function of ( ), , ,    , for the marginal 
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stability we can substitute 0 =  in the equations 

(3.7) and (3.8).  The set of equations (3.5) to (3.8) 

together with the bc’s (3.9) gives Ra as the eigen 

value, cRa
is the smallest eigen value.  The general 

solution is of the form 

 1 2 3 4( , ) cos sin cos sinn aD x R C px C px C qx C qx= + + +

,  (3.10) 

( )1 2 3 4( , ) sin cos sin cosn aG x R t r C px C px C qx C qx= − + −  
, (3.11) 

( )1 2 3 4( , ) sin cos sin cosn aH x R s r C px C px C qx C qx= − + −  
, (3.12) 

 1 2 3 4cos sin cos sina
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n T
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−
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Where, 1C , 2C , 3C and 4C  are arbitrary constants and  
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Here, 𝑝 ≠ 𝑞 is assured by the boundary conditions 

at cRa Ra
.from (3.9) boundary condition we get 

the non-trivial solution of the given problem when 

I. (1 ) sin (1 ) sin 0
2 2

p q p q
r r

+ −
− − + =   

   
   

 and

2 4 0C C= =
                                     

(3.16) 

II. (1 ) sin (1 ) sin 0
2 2

p q p q
r r

+ −
− + + =   

   
   

 and

2 4 0C C= = .                         (3.17) 

In the case of isotropic medium where   = = = , 

cRa
 can be calculated by solving the equations 

analytically.  Where else in case of anisotropic 

medium where      =   , cRa
 found 

numerically. 

The isotropic porous media case: In this case the 

condition    = = =   is fullfilled if 

x x

z z

k

k




=

, i.e. 

the proportion of the parallel and perpendicular 

component of thermal diffusivity and the 

permeability are equal. 

The following condition for case I and II are 

obtained at 1r =  

2p q m− = , for 1, 2, 3, 4.......m =   

  (3.18) 

It gives 
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.    (3.19) 

Where 1, 2,3, 4.......n =  and 1, 2, 3, 4.......m =  

Critical RayEquation (3.19) the critical Rayleigh 

number, which is the smallest possible value of aR   

22
2 2 2

4 2 12
aa

c

c

Pc
p Pm c

R TTsRa
P

   


+ −−
= + ++

  
  

  
. (3.20) 

For an isotropic medium, the smallest eigen value 

corresponds to 1n =  and 1m =  
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As the limit 
0

h

a
→

 
 
   and 0aT → the channel tends 

to infinitesimal horizontal porous layer. In such 

case critical Rayleigh number 
2

4Rac =
it is in line 

with a well-known conclusion for the permeable 

layers [25].  The critical value from the equation 

(3.21) is not same as the conclusion found for a 

channel with absolutely insulating walls done by 

[26].  In case h a= , i.e we get a square box, equation 

(3.21) gives 
2

8cRa =
whereas the result 

corresponding to perfectly insulating lateral walls 

gives
2

4cRa =
. Since, in this case the heat transfer 

over the walls. A greater critical value is expected 

with conducting lateral wall box. 

The flow at the onset of neutral convection is the 

flow for moderately super Critical Rayleigh number.  

Since the equations (3.16) and (3.17) coincides 

when    = = = , i.e. when 1r =  ,the boundary 

value problem gives two linearly independent 

solutions.  It can also seen from (2.11) and (2.14) 

equations. 

Let 0 0 0, ,S  and 0  are the solutions at R Raa c= , 

then 1 0
Ra  = −

, 1 0
 =

 and 1 0 =  are linearly 

independent solutions. 

The two set of solutions are given by
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cos sin cosan T
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(1)
sin sin sins Q Kx x z = −

,
 

(2)
cos sin sin

S
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Kx x z  = ;             

(2)
sin cos sinS Kx x z  = ,  (3.22) 

(2)
sin cos cos

St
Kx x z

s
  = − ;  

(2)
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STa
s Kx x z

s


 


= −

   

(3.23)

 

Where, amplitude constants are Q  and S .  A 

symmetric flow pattern having 2n cells is given by 

equation (3.22), where the number of cells n  

depends on  . A symmetric flow arrangement 

having of 2 1n   cells is given by (3.23). 

 

Table 1.  Values for cRa for different values of 𝜉 and 

η.  The principle diagonal coincide with the 
isotropic case. 𝜉/𝜂 0.125 0.25 0.5 1 2 

0.125 51463 26181 13419 6954 3662 

0.25 101699 51473 26190 13429 6964 

0.5 201691 101719 51493 26210 13449 

1 400998 201731 101758 51532 26250 

2 798652 401077 201810 101837 51611 

 

(i) The Anisotropic case:  

This case deals with the condition     =   

the non - trivial solutions for 
, ,D A Hn n n and 

Gn  when the equations (3.16) and (3.17) are 

fulfilled. Case I gives the solution in the form of 

i).

sin
2( ) sin sin ,

sin
2

p

D x px qxn q
= −

 
 
 
 
 

sin
2( ) cos cos ,

sin
2

p

G x s r px qxn q
= − −

 
 
 
 
   

sin
2( ) cos cos ,

sin
2

p

H x t r px qxn q
= − −

 
 
 
 
 

,

sin
2( ) sin sin

sin
2

p

n TaA x px qxn q





−
= −

 
 
 
 
 

 

 

and for case ii). 
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Solutions (i) and (ii) are defined for an large numbers 

of eigen values. Let two smallest eigen values in each 

of the above case 1Ra and 2Ra .  These values will 

exist at 1n = . Form equation (3.16) and (3.17) 1Ra and 

2
Ra

are calculated for a given value of , ,   and  . 

Critical Rayleigh number 

 1 2andcRa Ra Ra=
.Normally 1Ra and 2Ra are not 

equal, it means there exist an exclusive values for 

1 2andRa Ra
  i.e. at the convection there exist a 

different laminar flow pattern. 

 

IV.  SUMMARY 
 

In this study, the effect of uneven temperature 

gradient on the free convection in a horizontal 

rectangular box in three dimensions is investigated.  
The three dimensional problem is transformed to a 

two dimensional double diffusive convection 

problem, in which diffusing components are 
temperature and solute in a anisotropic and 

isotropic rectangular channels. Channel is 

considered to heat conducting and impermeable. 

The channel is heated non- uniformly from below 
and added solutes to build a linear concentration 

and temperature distributions in the perpendicular 

directions.  Apart from Boussinesq approximation, 
which states density remains constant throughout 

the momentum equation except for the body force 

and also the following assumptions have been 

considered. 

• Large heating at the walls implies the non-

dimensional parameters Darcy-Prandtl numbers 

are large and hence the inertial and viscous terms 

are neglected in the momentum equation. 

• Flow is symmetric with respect to Y-axis and 

thereby, introduced the stream function which 

enables to determine the critical Rayleigh 

number and solutal Rayleigh number based on 

the linear stability theory. 

The critical Rayleigh number cRa obtained by 

solving the resulting eigen value problem for 

( )    =  in the anisotropy case, whose eigen 

value is found to be  
2

2
21

1
4 1 1 a

spm

T
Rac R 

 −
= ++ + +

                 . 

The critical Rayleigh number for the corresponding 

isotropic case ( )   = = =  as a particular case of 

the above equation whose eigen value is found to be  
22

2 2 2

1
4 2 12

aa
c

Pc
pm

TT
Ra Rs   


+ −−

= + ++
  
  

    

The result is in accordance with the previous result, 

when 
0

a
T =

it reduces to Rayleigh number found in 

the non-rotating case , when 
0

a
T =

and 
   = = =  (in the isotropic case), as the limit 

0
h

a
→

it reduces to the standard results 
2

4c SRa R = +
 and 

2
4cRa =

 when 0Rs = in the 
absence of the second diffusing components which 

is in line with the acclaimed result for the porous 

layers [25].  Two sets of solution which are linearly 
independent are derived, presents a different nice 

steady flow patterns at moderately super critical 

Rayleigh number. 

Fig. (8) Represents the plotted graph of critical 
Rayleigh number versus ratio of permeability to 

thermal diffusivity.  The observation shows that the 

critical Rayleigh number Rac varies inversely with 

ratio /   . The critical Rayleigh number are further 
increases with increasing Taylors number, Solutal 

Rayleigh number and the effects of rotation 

therefore, is to destabilize the system more 

significantly.  Observation from Steady flow 
Patterns. 
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V. CONCLUSION 

Using the  similarity transformation we transferred 

the partial differential equation to ordinary 

differential equation and  Fourier series analysis has 

been applied to obtained the solution of ordinary 

differential equations to know the critical Rayleigh 

numbers, stream function and isotherms of the 

physical domain to understand the effect of dufour 

and coriolis force on classic Rayleigh -Bѐnard 

problem for an laminar, viscous, unsteady 

incompressible fluid flow heated from below is 

extended to 3-dimesional convection in a finite 

geometry with isotropic and anisotropic porous 

media rotating with constant angular velocity 

The following observations have been main in  

flow pattern of the streamlines and isothermal lines. 

• The number of cells found to be increased 

with the increase in the Taylor’s number for both 
isotropic and anisotropic cases. Fig. (2) and (4). 

Increase in Taylor’s number increases the coriolis 
force, which intern increases the number of rotation. 

Increase in rotation increases the streamlines and 

isothermal lines.  

• The isothermal lines show the increase in the 

oscillatory flow behaviour with rotation in 

anisotropic case. Fig. (7) 

• The number of cell found to be decreased 

with increase in aspect ratio and thermal diffusivity 

in the anisotropic case. Fig. (5) and (6) 

• The isotherm becomes more and more 

flattened with the anisotropy. 
 

 
Fig. 2. Flow patternIsothermal lines and Stream lines in isotropic 

case (Ta-varying)  

  

 
Fig. 3. Flow patternIsothermal lines and Stream lines in isotropic 

case (𝜉-varying) 

 

  
 

 

Fig. 4. Flow patternIsothermal lines and Stream lines in anisotropic 

case (Ta-varying) 

 

 

  
Fig. 6. Flow patternIsothermal lines and Stream lines in 

anisotropic case ( 𝜒-varying) 

 

   
Fig. 7. Flow patternIsothermal lines and Stream lines in 

anisotropic case ( 𝜂-varying) 
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Fig. 8. Plot cRa vs /   (Rs=50, ξ=0.5, η=0.125) 
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SECTION I.
Introduction

The novel corona virus disease (COVID-19) has generated enormous
disorganization worldwide, affecting the lives of wide range of people
and causing a thousands of deaths in a day and also affects people living
in penury situations, older persons, persons with disabilities, youth, and
aboriginal peoples. In China there is turn down in COVID-19. In Europe,
the cases are increasing every day than there were in China at the
epidemic's peak and as the country Italy has surpassed with the most
number of deaths from the virus. It took 67 days to reach the first
100,000 confirmed cases worldwide. The count of corona virus cases has
been extended more than manifold to 17.5 million, and the number of
deaths has more than tripled, to 680,000, based on statistics of the
World Health Organization (WHO) till 3rd August [1].

AI is being used for preparing treatment plans, analyzing transmission
rates, analyzing medical data, drug development, contact tracing, and
detecting hotspots. Specialists believe in the technological landscape and
even in other fields, the impact of Artificial Intelligence will be
significant. This paper mainly focuses on the vital roles of AI methods in
the fight against the COVID 19 pandemic.

We provide a comprehensive survey of AI applications/methods that
support humans to suppress and reduce the substantial impacts of the
pandemic, as Natural Language Processing (NLP), Machine Learning
(ML) and Deep Learning. In order to defeat this challenging battle, we
belief that the proper research of AI will fully support in helping humans
against this pandemic. An overview of AI can, for present purposes, be
defined and computer vision applications to teach computers to use big
data-based models for analysis, prediction, explanations and pattern
recognition [3].

In this paper section II provides the literature survey, section III
highlights the application of AI fighting against COVID-19 and section
IV gives the conclusion.

SECTION II.
Literature Survey

The COVID-19 has generated enormous disorganization worldwide,
affecting the lives of wide number of people and causing a thousands of
deaths in a day and also affects people living in penury situations, older
persons, persons with disabilities, youth, and aboriginal peoples.

Science and technology have donated significant implementations
during this unpredicted and chaotic time. For analysis and research the
artificial intelligence has been the prime tools being currently used [4].
The AI technology has the potential to improve the treatment, reported
outcomes and planning of the COVID-19 patient, being an evidence-
based medical tool. It is understandable that healthcare systems have
been overwhelmed lately. In order to help and alleviate some of the
burden from call centers, many organizations, including the WHO and
CDC, are adding virtual healthcare assistants or “chatbots” to their
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websites. These assistants can answer questions, provide informative
updates, check for symptoms, and advise where to go for screening or
home-isolation. The AI language processing features can potentially
reduce urgent care visits significantly, as well as reducing anxiety by
providing factual, up-to-date information on the virus [3]. Thus it is a
need of an hour to research on the significance of AI to fight against the
challenging battle and also in helping humans against this pandemic

In today's world, AI has been contributed in variety of ways in our daily
lives with numerous successful stories. Even during the outbreak of the
corona virus disease (COVID-19) pandemic, AI has played a vital role in
fighting against it. In this paper, we have represented a survey of AI
applications that has been used in order to fight against the corona virus
pandemic. From Internet of Things (IoT), text mining, medical image
processing, biology and medicine, data analytics, AI has always played
the important role. We have also presented the data sources related to
the summary of COVID-19 that are available for research purposes. We
have thoroughly discussed about the exploring potentials and enhancing
capabilities of Artificial Intelligence and power in the battles against the
pandemic in research directions. We have point out the problems related
to the COVID-19 outbreak and the suitable AI applications and tools
which can be used to solve the problems. It is expected that this paper
provides the organization and researchers with new insights in how
helpful the AI has been to improve the situation of COVID-19 and in
further stopping the spread of COVID-19 outbreak. [3].

The very first infected novel coronavirus case (COVID-19) was found in
the city of China, named Hubei in December. 2019. The corona virus
case has been spread over worldwide covering 215 countries and has
enormously affected the lives of every individual [14]. As the authors
mentioned in this paper [2], the number of cases and deaths were still
turning up significantly with no sign of well-controlled situations like as
of April 2020, there was total 1,853,265 infected cases and total 118,854
deaths cases of corona virus which were reported in the world.
Motivated by the modern technology and Artificial Intelligence
applications in wide areas, this paper mainly focus on the importance of
controlling the spread of COVID-19 pandemic and finding the solutions
to prevent the severe effects of this corona virus disease. The authors
represents a review on AI and big data, then highlights the different
applications of AI and big data and then overview of the challenges and
the issues faced and finally come up with the possible solution and
recommendation to effectively control the COVID-19 pandemic. It is
expected that this paper provides researchers that how the AI and big
data has been used in order to improve the condition of the pandemic
situation and also derives the solution for controlling the situation. [2].

The instant spread of corona virus disease around the world has left the
drug developers with limited amount of time to identify the drugs
candidates to fight the virus. Not only in this situation but in other case
like making drug discovery faster and cost-effective, artificial
intelligence has always proven its value. Despite showing signs of
stagnation until fairly recently, drug discovery has gained a new
superpower in the recent times. It has not been bitten by a radioactive
spider, struck by lightning, or doused in cosmic rays but it has benefited
with a new upgrade to the super suite of tools which is artificial
intelligence. Using techniques such as machine learning or deep
learning, the drug development process can be speed up artificial
intelligence using either from existing drugs or brand new compounds.
Using technology and science like deep learning or big data, AI can help
to accelerate the development process of drugs by identifying
therapeutic candidates, either from developed drugs or newly branded
compounds. As artificial intelligence has been used for the drugs
discovery by number of companies for several years, but still the field of
AI is still rather young. The first European drug candidate identified
using AI only entered clinical trials earlier this year. AI has been in the
shine from the moment, the largest global pandemic, Spanish flu sweeps
the world. This field has also been used by the players in Europe to
identify potential treatments for Covid-19 faster than ever before [8]. InLoading [MathJax]/extensions/MathMenu.js



this paper, we have presented a survey based on the applications of
artificial intelligence to fight against the battle of COVID-19 pandemic.

SECTION III.
Applications of Ai in Fighting Against
COVID-19

This section presents the different applications of AI in fighting against
the Covid-19 pandemic.

A. Detection of and Recovery from Covid-19

Even when no one was aware of the situation that has been created by
the COVID-19 outbreak, our data scientist with the help of artificial
intelligence system has discovered the pneumonia or not known type of
disease in the country of China [9]. As the disease has now become the
worldwide issue, the science and technology are using different artificial
intelligence methods/tools that can be used to give the support and
effort to the medical community, analyzing to manage every situation of
the pandemic by preventing, detecting, recovery, response and to
accelerate research which is shown in the Fig. 1 [9]. As AI has
successfully detected the biological underpinning of various diseases
such as cancer, to predict the treatment, similarly in COVID 19, if they
find anyone or few of these models, they would have provided with
treatment algorithms and guidelines for the patients of COVID-19.

B. Diagnosis and Prevention of the Spread of Corona
Virus

Diagnosis and prevention of disease has been a center of attention of
artificial intelligence from the time when Stanford has developed MYCIN
for diagnosing blood-borne bacterial infections.[15]. These methods
were not much used for the medical practice even though it showed the
accurate treatment and diagnosing of the disease. As they were
imperfectly desegregated with medical record system and medical
workflows, so they were not significantly superior to human
diagnosticians. Early prediction and treatment is important to find the
solutions to overcome the COVID-19 outbreak. The reverse transcription
polymerase chain reaction (RT-PCR) detection technique is recently
being, the accurate method for distinguishing respiratory viruses. In
order to response the situation of COVID-19 effort has been made to
improve the technology [16] and other alternatives [17]. Due to this
reason, we are using AI applications in order to help to diagnose and
prevent the spread of corona virus disease. To detect and predict the
spread of COVID-19, algorithms that help us to identify the patterns and
anomalies are already working, while medical diagnosis has been
speeding up using image recognition systems [9]. Using smart devices
together with AI frameworks is one of the simplest and the cost-effective
solution for the identification of COVID-19 [18], [19]. This is called as
mHealth or mobile health presented in [20]. These works are benefited
as smart devices are daily used for multi-purposes.

Many preprints on COVID-19 related to artificial techniques for medical
image processing has been recently appeared plays an another directive
for corona viruses disease [21]– [22] [23] [24] [25] [26] [27] [28] [29]
[30].
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As we have limit our article to the COVID-19 and AI applications, the
interested researchers are welcomed to read the surveys in [31], [32],
for other applications related to deep learning in medical image analysis.
By these works we can figure out to automatically detect the infected
corona virus cases, we can use computed tomography (CT) scans and X-
ray images as the input of DL models. The authors in [33] tries to design
a model for the detection of corona virus cases known as deep
convolutional neural network (CNN) model, as motivated by an
important finding that infected corona virus patients normally reveal
abnormalities in chest radiography images.

Semi-autonomous robots and drones are being used by the hospitals as
an intermediate for medications and delivering food, sterilization and
cleaning, aiding nurses and doctors, and performing equipment
deliveries[9].

C. Healthcare Personnel

Artificial intelligence-based COVID-19 diagnostic software has been
developed by the two Chinese companies for their part. Computed
tomography (CT) scans has been used to detect lungs problem by the
trained software of the Beijing-based start-up Infervision. This software
is not only used to diagnose the lung problem but also diagnose the
issues related to respiratory diseases such as corona virus. This
technology have been used by at least 35 Chinese hospitals for helping
them to screen 32,000 suspected cases [11].

Artificial intelligence system has been trained by the Alibaba DAMO
Academy, the research arm of the Chinese company Alibaba, to detect
COVID-19 with an accuracy claimed to be 96%. The 300 to 400 scans
needed to diagnose a corona virus that usually take an experienced
doctor about 10 to 15 minutes can be done by the systems in 20 to 30
seconds, as claimed by the company. This system has been said to be
helpful to review more than 30,000 cases in at least 26 Chinese hospitals
[12].

In South Korea, the testing of virus which took normally 2 to 3 months
now takes only few weeks as AI is reported to have helped reduce the
time needed to design testing kits based on the genetic make-up of the
virus. The biotech company Seegene used its automated test
development system to develop the test kit and distribute it widely.
Comprehensive testing is indeed important to control the spread of
pandemic and also to overcome containment measures in this country,
which has equipped 118 medical establishments with this device and
tested more than 230,000 people [13].

D. Infodemiology and Infoveillance

In today's scenario, the most authentic information about the COVID- 19
pandemic can be easily found through the authorized sites and the
health organizations channels like the World Health Organization
(WHO), and also through the ministry of welfare and health in each
country. However, social media sites like Facebook, Youtube and
Instagram and electronic medium have also showed their value in
spreading valuable facts related to corona virus disease. Further analysis
has been performed to collect and process data properly as the
information provided by the electronic media platform and the online
platform is highly attainable and time-consuming. In order to improve

Fig 1.
Examples of AI applications at different stages of the COVID-19 crisis
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the corona virus situation, the social network dynamics can be utilized
by AI for better understanding, as AI being the powerful tool to deal with
a vast amount of data. To demonstrate the methods of artificial
intelligence during the corona virus situation, the work in[5] presented
some realistic examples: 1) using the twitter and whatsapp data for
tracking the behavior of the public, 2) from the Ebola outbreak,
examining the health-seeking behavior, and 3) reaction of the public
towards the outbreak of Chikungunya. Similar to the above outbreak,
several studies has been performed from the infodemiology and
infoveillance perspectives for the recent emergence of corona virus. In
response to the COVID-19 pandemic, the authors in [6] have analyzed
the collected data from the two popular social media platforms like
Baidu search engine and Sina Weibo by accessing and tracking the
public behaviors in this situation. Word Count (LIWC) and Linguistic
Inquiry, the text analysis program have been used to evaluate the public
emotions whereas public awareness and attention, and disinformation
are gained by establishing a Weibo daily index, i.e, the number of posts
with keywords related to the corona virus. During the COVID-19
outbreak, the protective measures have been recommended by the Ali
daily indices and Baidu by evaluating the behavior and intentions of the
public. These outcomes show that rapidly grouping rumors and
disinformation can highly reduce the influence of unreasonable
behavior. AI tools like computer audition (CA), which is, sound and
speech analysis with AI, has contributed to the corona virus situation,
were reviewed in [7]. For further analysis, it is possible to collect the
audio from social medias, news and also from advertising videos, similar
to textual conversion. Several possible instances are also presented,
including monitoring the social distancing and spread effects, risk
assessment, examining the recovery and treatment, diagnosis,
prompting of sound and speech. There are some challenges needed to be
addressed in the fight against COVID-19, along the potentials of
computer audition(CA), for example, how to process the speech and
audio data credibly and in synchronal, how to collect corona virus
patient data, and how to explain the outcomes obtained from the CA-
based solutions [2].

E. Image Scan Analysis and Reducing Hospital Staff
Workloads

Testing has become a crucial and important in the fight against COVID-
19. Virus has been successfully handled in the countries like Germany
and South Korea, because of the amount of testing that is done in those
countries. The main testing methods are time consuming and labour
intensive although the health authorities are willing to increase the
number of testing being done. Other forms of testing, such as x-ray
scanning is been assisted by the AI methods. Lung anomaly in a chest X-
ray scan can be done by chest screening using various AI programs and
provide a corona virus evaluation of risk much quicker than human
radiologists [10].

SECTION IV.
Conclusion

The COVID-19 outbreak has significantly affected the lives of wide range
of people and causing a thousands of deaths in a day. While AI
technologies have not only beneficial into our everyday life with many
triumph, they have also been considerably helping humans in the tough
situation to fight against the battle of COVID-19 outbreak. This paper
has represented a brief study of AI applications so far in the literature to
fight against the COVID19 pandemic and also the controlling strategies.
Firstly, we have given a brief introduction of COVID-19 and artificial
intelligence and then the applications used to fight against it. AI has
been used to understand the virus and discover the novel drug
compound against it. The results are in initial position and are also in
great demand for AI research in the fields e.g. to investigate chemistry
and genetics of the corona virus and suggesting the ways to rapid
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Abstract

This paper describes blockchain based architecture for the Human Organ Transplantation, to provide a
trustworthy mechanism that will make sure a fair distribution of organs available. Transparency and auto
tracking features of blockchain will make sure that no single party controls the priority of recipients in the
waiting list. Every transaction is visible to all those who are having access to the system. It can also ensure a
control on the organ trafficking and provide a reliable and secure exchange mechanism for recipient and
donor health records. It can greatly revolutionize the transplantation network with greater efficiency by
allowing every entity to directly verify the transaction records by eliminating many of the intermediaries as
we know them today.
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ABSTRACT 
 

This paper focuses on Thermal efficiency analysis of flat plate collectors. The instantaneous efficiency for a 

collector over a day is calculated. Application of solar energy for domestic and industrial heating purposes has 

been become very popular. However the effectiveness of presently used fixed flat plate collectors is low due 

to the moving nature of the energy source. In the present work, an attempt has been made to compare the 

performance of fixed flat plate water heater with that of heater with tracking by conducting experiments. A 

flat plate water heater, which is commercially available with a capacity of 100liters/day is instrumented and 

developed into a test-rig to conduct the experimental work. The analysis is carried during which the 

atmospheric conditions were almost uniform and data was collected both for fixed and tracked conditions of 

the flat plate collector. The results show that there is an average increase of 400C in the outlet temperature. 

The efficiency of both the conditions is calculated and the comparison shows that there is an increase of 

about 21% in the percentage of efficiency. 

Keywords: Flat Plate, Energy Source, Water Heater  

 

I. INTRODUCTION 

 

Solar energy is the energy from the sun. The sun 

radiates an enormous amount of energy in the form 

of heat and light resulting from nuclear fusion 
reaction in its core. Some Solar systems utilises heat 

energy for heating and others converts sunlight 

energy into electrical energy. Solar energy is a 

renewable energy source and inexhaustible in nature. 
Only a small part of the solar energy that the sun 

radiates into space ever reaches the earth, but that is 

more than enough to supply all our energy needs. 
The sun constantly delivers 1.36 kW of  power per 

square meter to the earth. Solar energy is mainly used 

to heat buildings and water and to generate 

electricity. The major component unique to passive 
systems is the Flat plate collector. This device absorbs 

the incoming solar radiation, converting it into heat 

at the absorbing surface, and transfers this heat to a 
fluid (water) flowing through the Flat plate collector. 

The warmed fluid carries the heat either directly to 

the hot water or to a storage subsystem from which 
can be drawn for use at night and on cloudy days.  

There are different type of solar collectors like flat-

plate collectors, Focusing type collector and 

evacuated type collector. 

 

II. FLAT PLATE COLLECTORS 

 

The main components of a flat plate solar 
collector are: 

• Absorber plate made of copper material, 

which is black coated to absorb 

maximum sun radiations falling on it 
• Tubes or fins for conducting or directing the 

heat transfer fluid from the inlet header or 
duct to the outlet. 

• Glazing, this may be one or more sheets of 
glass or a diathermanous (radiation 

transmitting) plastic film or sheet. 
• Thermal insulation, which minimizes 

http://ijsrcseit.com/
http://ijsrcseit.com/
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downward heat loss from the plate. 
• Cover strip, to hold the other components in 

position and make it all Watertight. 
• Container or Casing, which surrounds the 

foregoing components and keeps them free 

From dust, moisture, etc 

 

Figure 1 Components of a flat plate solar collector 

 

III. THE DESIGN PROCEDURE OF FLAT 

PLATE COLLECTORS 
1) TECHNICAL SPECIFICATIONS 

Collector specifications:- 
• Solar frame : Width 93mm 

thickness 1.2mm with powder coating. 
• Back sheet : Aluminum 

sheet 0.45 mm. 
• Insulation : Fiber glass 

wool 25mm thick 18kg density. 
• Fins : 9 fins of 56mm, 1/2 

inch copper pipe, 0.12mm 
copper Sheet with black 
coating ultrasonic weld. 

• Front glazing : Toughened 

glass 4mm thick. 

• Bonding between Riser And Absorber sheet

 : Continuous ultrasonic welding. 
• Assembly : assembled 

under pneumatic technology. 
• Bonding between Riser And Header :  

Brazing 
• Aluminum foil : 0.05 mm 
• Gromets : EPDM 

• Packing : Corrugated 
sheet 

• Collector size : 1030mm X 
2030mm 

• Collector beading : EPDM 
Rubber beeding Storage tank specifications 
• Storage tank : Stainless 

steel 304 Grade. 
• Insulation : Rockwool / 

Min / puff. 
• Tank outer cladding : Powder 

coated sheet / Stainless steel. 

• Inter connecting pipes : Stainless 
steel 304 Grade. 

• Electrical backup : 2 KW 
thermostats controlled 

• Storage tank stand & Hose pipe: Mild steel 

& 25/35 EPDM Rubber 

IV. TESTING OF FLAT PLATE COLLECTORS 

 

For the testing of solar collectors there are two 

basic procedures, the instantaneous procedures and 

the calorimetric procedure. Each of these two 

procedures will allow determination of the 

fundamental characteristics of the collector. The 

most widely used procedure for testing collectors is 

the instantaneous procedure. In this procedure it is 

only necessary to measure simultaneously under 

steady state conditions the mass flow rate of the 

working fluid through the collector, the fluid 

temperature rise between the collector inlet and 

outlet, and the isolation on the plane of the 

collector. The instantaneous efficiency can then be 

calculated from the following expressions. 

ηi = Q/ ( AP X IT ) 
Where, 

ηi = Instantaneous efficiency AP 

= Area of the collector Plate IT 

= Radiation on tilted surface 

 

Figure 2.Experimental Setup 

Figure 3. Cross sectional view of the experiment 

setup 
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Calculation of Instantaneous Efficiency Observations 
Constant Terms:- 

• Length of the absorber plate ‘L’ = 2.03 m 
• Breadth of absorber plate ‘B’ = 1.03 m 
• I.S.T (Indian standard time) 

When reading was taken = 11.00 

Hrs 

• Location of Bangalore = 77.59 ºE 
,12.96 ºN 

• I.S.T Longitude = 82.5º E 
• Date on which the 
• Experiment was conducted = 2nd 

November 2010 
• Collector is facing due south 
• Mass flow rate = 0.5 LPM 

Variable Terms:- 

• Inlet temperature of water = 27º C 
• Outlet temperature of water = 42º C 
• Angle of tilt = 60º C 

 

Sl no I.S.T 
hours 

Temperatur

e of the 

inlet fluid 

Ti 

Temperatur

e of the 

outlet fluid 

To 
1 8.00 24 25 

2 9.00 24 29 

3 10.00 26 35 

4 11.00 27 42 

5 12.00 27 45 

6 13.00 28 48 

7 14.00 28 45 

8 15.00 30 40 

9 16.00 29 35 

10 17.00 28 31 

Table 1. Observation of Test Set up 

Calculations 

Trial 1 – 11 AM a)Incident angle θ:- 

Cosθ = cos (Φ – β) cosω cosδ + sin (Φ – β) sinδ Here, 

Φ = 12.96º for Bangalore 

δ = Declination angle = 23.45 sin[ 360 ( 284+n ) / 365 
] 

Here, n = 336 for december 2 

Where, 

δ = - 22.11º 

ω = Hour angle =15 (12 – LST) 

LST = IST – 4 (82.5º - longitude of location) + 

Equation of time 

60 

=  11.00 –  4 ( 82.5º - 77.59º) + 11’.14” 

60 

=  11.00 – 20’ + 11’.14” 

= 10.51 hrs  

ω =15 (12.00 – 10’.51”) = 16.5º 

Substituting all the values in the above equation we 

get , 

cosθ = cos ( 12.96 º - 60 º ) cos( 16.5º ) cos( -22.1 º )  + 

sin (  12.96 º- 60 º ) sin( -22.1 º) θ = 28.258 º 

b) cosθZ = cosΦ cosω cosδ + sinΦ sinδ 

= cos 12.96 º cos16.5 º cos -22.1 º + sin12.96 º sin -

22.1 º θZ = 18.18 º 

c) Rb = cosθ / cosθZ 

= 0.927 

d) Air mass La :- La = 1 / cosθZ 

La = 1 / cos18.8 º 

= 1.05 

e) In = A e - BLa 

= 1196 ( e – 0.143 X 1.730 ) 

= 1028.1 W/m2 

f) Ib = In (cosθZ) 

= 977.1 W/m2 

Id = 0.105 X 1028.1 

= 107.94 W/m2 

g) Ig = Ib + Id 

= 977.1 + 107.94 
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= 1084.94 W/m2 

h) Radiation on tilted surface IT 

IT = IbRb + Id(1+ cos β /2) + Ig. ρ(1- cos β /2) 

= 977.1(0.927) + 107.94(0.75) + 1084.94(0.6)(0.25) 

= 1149.37 W/m2 

i) η = m CP ( To – Ti ) 

AP X IT = 0.00833 X 4184 (42 - 27) 

2 X 1149.37 

= 22.98 % 

Similarly Hourly global radiations and 

efficiencies are calculated for all the trials 

up to 17.00 hrs and are tabulated 

 

 

Table 2 Calculated efficiency and global radiation 

The average efficiency Over a day is given by η = 
0  t m CP ( To – Ti ) dt 

0  t (AP X IT  X dt) 
=  29.11 % 

2) Test Procedure 

Two identical single cover flat plate collector were 

placed with an angle at 28º to the horizontal 

towards south facing. One collector is fixed and 

other one is tilted manually for every two hours 

with an angle of 30º for improving collector 

efficiency. Inlet temperature of the water and 

temperature of the hot water in the storage tank 

were tabulated on hourly basis, both the collector 

efficiency of the collectors were calculated. 

Specification of Flat Plate Collector 

 
• Length of the collector = 2m 
• Width of the collector = 1m 
• Length of the absorber plate = 1.95m 
• Width of the absorber plate = 0.95m 
• Material of the absorber plate = Copper 
• Thermal conductivity of the plate 

material = 386 W/mK 
• Density of the plate material = 8954 kg/m3 
• Plate thickness = 34 gauge 
• Diameter of the tube = 6.35m 
• Tube center to center distance = 100mm 
• Number of tubes used = 9 
• Glass cover emissivity/absorptivity = 0.85 
• Refractive index of glass relative to air = 

1.5 
• Diameter of header pipes = 12.7mm 
• Insulating material used = Glass-wool 
• Thermal conductivity of insulating 

material = 32.2*10.3 W/mK 
• Density of insulating material = 200 kg/m3 
• Material of collector tray = Mild steel 
• Thermal conductivity of collector tray = 

53.6 W/mK 
• Density of collector tray = 7833 kg/m3 

 

Efficiency Calculation 
Average Solar radiation 

received by earth in 

terms of energy R = 

900 W/m2/Hr. Solar 

radiation received by 

earth in 7 hours in 

terms of energy R = 

900*7 W/m2/day R = 

6300 Wh/m2 

R = 22680000 W Sec/m2, where 

A = Area of Flat plate collector in m2 

A. T1 = Temperature of water at inlet in ºC 

B. T2 = Temperature of water at outlet in ºC 
Mass of water taken in the storage tank = 100 kg 
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Specific heat of water = 4.182 KJ/KG ºK Area of the 
flat plate collector, 

A = L*W m2 

= 1.95*0.95 

= 1.8525 m2 

Radiation receive by collector, R1 = R*A 

= 22680000*1.8525 

= 43014700 Joules 

Output of the Stationary Collector Q = M*Cp*(T2 – 
T1) 

= 100*4.187*103*(42 – 22) 

= 8374000 Joules 

Output of the partially rotating Collector Q = 
M*Cp*(T2 – T1) 

= 100*4.187*103*(46 – 22) 

= 10048800 Joules 

Efficiency of fixed flat plate collector 

η = Output of the collector / Input Radiation η = 
M*Cp*(T2 – T1) / R*A 

= 8374000 Joules / 43014700 Joules 

= 19.93% 

Efficiency of the partially rotating Collector η = 
Output of the collector / Input Radiation η = 
M*Cp*(T2 – T1) / R*A 

= 10048800 Joules / 43014700 Joules 

= 23.92% 

V. RESULT AND DISCUSSIONS 

Average global Radiation 878 WH/m2 Average Wind 

Speed = 5.1 Km/hr 

 

Time in 
Hours 

Outlet 
temperature 
collector (T2ºC) 

Outlet 
temperature 

tracking collector 

(T2ºC) 
9:30 30 30 
10:30 33 34 
11:30 37 37 
12:30 41 42 
13:30 44 46 
14:30 47 50 
15:30 48 52 
16:30 48 51 
Average 
Temperatu
re 

41 42.75 

Table 3 Results 

Average global Radiation 1089 WH/m2 Average 

Wind Speed = 5.3 Km/hr 

 

Table 4 Temperature distribution 

COMPARISON OF EFFICIENCIES OF FIXED 

AND PARTIALLY ROTATING FLAT PLATE 

COLLECTORS 

 

Efficiency 

of fixed 

flat plate 
Collector 

Efficiency of 

the partially 

rotating 

Collector 

C. 

Increase in 

Percentage of 

efficiency due to 

tracking 

D. 

E.
 1
9.93% 

23.92% F. 21% 

Table 5 comparison 

From the above calculation, we can conclude 

that by providing the manual tracking system to 

the collector with respect to solar beam we can 

improve the efficiency of the system and it can 

also be concluded that if we provide the 

continuous automatic tracking system to the 

collector, in terms of azimuth angle and 

altitude, we can still improve the efficiency of 

the system. 

VI. VARIATION OF EFFICIENCY OF THE 

COLLECTOR WITH THERMAL EFFICIENCY 
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Figure 6.Efficiency versus Time 

Figure 6 shows the variation of efficiency of the 

collector with time .It is evident that the 

efficiency increases with the time up to 1300 

hrs due to the availability of intense beam 

radiation and slowly decreases during the 

sunset 

VII. VARIATION OF EFFICIENCY WITH THE 

CALCULATED RADIATION 

 

Figure 7.Efficiency versus Tilted radiation 

 

Figure 7 shows the variation of efficiency with the 
calculated radiation IT .The curve is similar to the 

previous one .the maximum radiation corresponding 
to 1200 hrs. 

  

 

Figure 8 Incident angle θ v/s efficiency fi

The figure 8 shows the variation of efficiency 

with incident angle θ and figure 9 shows how 

temperature varies with respect to time for both 

stationary collector and tracking collector. The 

tracking collector utilizes maximum beam 

radiation. So the rise in temperature is high with 

respect to time in tracking collector compare to 

stationary collector and gives higher efficiency 

VII. CONCLUSIONS 

The Conclusions can be drawn based on the 

analysis of the collector. The instantaneous 

efficiency is assumed to be a function of only the 

temperatures of the fluid and the radiation IT. A 

more precise and detailed analysis should include 

the fact, that the overall heat loss coefficient (UL) 

and other factors such as wind are not constants. 

Initially due to the transient effects the useful 

energy received is less. Efficiency decreases with 

increasing angle of incidence. Efficiency decreases 
with increasing ratio of diffuse to beam 

radiation.From the above results, it has been found 

that the system provided with manually tracking 

has got higher efficiency than the fixed flat plate 
collector by 21%. Hence Flat plate collector with 

tracking method utilizes maximum beam radiation 

and gives high efficiency when compared to fixed 

flat plate collector. 

 

 

 

 

Θ Vs η 
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Abstract
Biofuels have caught the eye of engine specialists as far back as the oil emergency and heightening expenses of petro-synthetic compounds cropped up in the 1970s. Ethanol and methanol were the
most broadly inquired alcohols in IC engines. Higher alcohols are alluring second/third era biofuels that can be created from sugary, dull and lignocellulosic biomass feedstocks utilizing reasonable
pathways. Developing worries of petroleum product consumption, oil-value variances, heightening vitality requests and stringent discharge guidelines are driving established researchers to
discover elective sustainable biofuels for use in diesel engines. Among the biofuels like biogas, bioalcohol and biodiesel, alcohol is by all accounts generally appealing. Biogas requires high weight for
its utilization in vehicle and its spillage can be risky. Biodiesel from consumable vegetable oil can cause insu�ciency in sustenance supply. Everything being considered, the utilization of lower
alcohols like methanol and ethanol in slow speed engines shows certain complexities because of their low cetane number, high inert warmth of vaporization and high protection from auto-start.
Further the less calorific respect and poor miscibility with diesel limit their utilization in diesel motors.

Keywords

diesel engine bioalcohols butanol pentanol hexanol octanol performance and emission

1. Introduction
High-carbon bioalcohol with higher cetane number and higher vitality thickness than the prevalently looked higher alcohols makes it an appealing fuel for diesel engines [ ]. Studies are quickly
developing on high-yield biocombination of higher alcohols from glucose and lignocellulosic biomass feedstock utilizing built smaller scale creatures like Escherichia coli and Clostridium species [ ].
Regardless of its good properties and promising prospects for creation in biorefineries, higher alcohol has been scarcely researched in engines. Higher alcohol is an advanced biofuel derived from
lignocellulosic biomass, which is suitable for compression ignition technology with several properties closer to fossil diesel [ ]. A few methods like alcohol fumigation, double infusion, alcohol-
diesel mixes and alcohol-diesel emulsions have been utilized to manage these constraints of the alcohols as a diesel motor fuel [ ]. From the wellbeing viewpoint, lower alcohols have low glimmer
point (FP) and are delegated Class I fluids (FP beneath 37.8°C) alongside fuel by the National Fire Protection Association (NFPA) in the US. In the meantime, diesel fuel is arranged under Class II
fluids (FP above 37.8°C). Yet, expansion of lower alcohols to diesel brings down the blaze point and would make the mix to fall under Class I fluids, subsequently requiring a similar framework as
gas for capacity and taking care o� [ ]. Then again, there are some positive parts of alcohols that can be profitable in diesel engines. The decrease of smoke is firmly identified with the oxygen-
substance of the mixes. Alcohols being oxygenated energize with a hydroxyl (OH) bunch increment the accessibility of oxygen amid burning and diminish smoke outflows in diesel engines
particularly at high motor burdens [ ]. Concerning the substance structure, it is a�rmed that smoke decrease e�ectiveness is high in liquor and low in ether.

As of late higher alcohols have accumulated enthusiasm among the specialist sowing to their higher vitality thickness, higher cetane number, better mix dependability and less hygroscopic nature
when contrasted with other generally considered lower alcohols like ethanol, methanol. Increment long of the carbon chains additionally improves the start nature of alcohol atoms. The term
“higher alcohol” more often than not alludes to the arrangement of straight chain alcohols containing at least four carbon iotas, viz. butanol (C4), pentanol (C5), hexanol (C6), octanol (C8),
dodecanol (C12), phytol (C20) and so on. Anyway propanol (C3) is additionally incorporated into this examination, as this three-carbon alcohol is used as a dissolvable to tie lower alcohols with
diesel and moreover as a blending portion with diesel fuel in diesel engine [ ].  presents a relationship of physical and substance properties of some lower and higher alcohols with diesel. It
might be gotten from the table that higher alcohols (when appeared di�erently in relation to bring down alcohols like methanol and ethanol) have increasingly unmistakable potential outcomes to
supersede fossil diesel totally or to some degree. Higher alcohols can mix with diesel with no stage detachment which is credited to their high carbon content, low extremity and less hygroscopic
nature [ ]. Subsequently no co-solvents or emulsifying operators would be required to keep up mix dependability when higher alcohols are utilized. The development of long carbon chain and the
nonappearance of branches in liquor give high calorific regard, thickness and cetane number while sparing self-lighting credits less penchant to knock [ ]. Higher alcohols have less dangerous
movement on materials used in the fuel transport. Higher the water content in the alcohols, higher the ruinous action is higher alcohols are less hygroscopic and thusly can be less dangerous.
Moreover alcohols with high subnuclear burdens are known to be less ruinous. Flashpoints of higher alcohols are very high which makes them more secure to store, handle and convey in the
current circulation foundation. The lower vapor weights of higher alcohols likewise results in lower evaporative discharges. In spite of the fact that more drawn out chain alcohols have less oxygen
content, they can in any case upgrade the premixed burning stage with their generally longer start delay permitting adequate blending of air/fuel and furthermore improve the dissemination
ignition stage. In addition, alcohols with longer carbon chains consume lesser essentialness in the midst of its age when appeared di�erently in relation to other lower alcohols since the regular
method of isolating far reaching macromolecules can stop prior [ ]. The use of higher alcohols was before frustrated by high age costs, gainful use in sustenance industry and compelled creation
from nonoil resources [ ]. The latest decade has seen a reestablished energy for higher alcohols (as pragmatic vehicle fills) which resuscitated many research social events and bio-development
associations to grow the yield of higher alcohols like butanol and pentanol from cellulose by flow development structures using new strains of Clostridium species and by biosynthesis from glucose
utilizing hereditarily designed smaller scale living beings like Escherichia coli, Cyanobacteria and Saccharomyces cerevisiae. There is likewise an elective course in which biomass can be gasified or
steam improved or somewhat oxidized to create blend gas (CO, H2 and CO2) which can be chemically changed over in to higher alcohols by a procedure called Higher alcohol amalgamation (HAS).
Higher alcohols can likewise be created by direct electromicrobial transformation or photosynthetic reusing of carbon-dioxide. This strategy can in reality help reusing CO2 (an ozone depleting
substance) into higher alcohols without the need to deconstruct biomass. Further, select biochemical pathways for broad scale business making of higher alcohols are being made by biofuel
producers to diminish the stunning costs included like Gevo and Butamax [ ]. The U.S. Boundless Fuel Standard (RFS) program requires blending of forefront biofuels in growing aggregates with
fossil transportation fuel every year which should raise up to 36 billion gallons by 2022 [ ]. According to this program, each endless fuel characterization ought to convey lower greenhouse gas
releases appeared di�erently in relation to petroleum product or diesel it replaces. In this one of a kind circumstance, higher alcohols can be used to meet these targets as they qualify as bleeding
edge biofuels that can be gotten from lignocellulose [ ]. The essential focus of this examination is to give an expansive overview of composing related to the usage of higher alcohols in diesel
motor and their e�ects on the start, execution and spreads of diesel motors. Various analysts and experts have mulled over the use of higher alcohols running from 3-carbon propanol to 20 carbon
phytolin di�erent extents with diesel to evaluate their appropriateness as a fuel in the current CI engines [ ]. The on-going examinations and the past discoveries about the substitution (entire or
incomplete) of fossil diesel fuel with higher alcohols in diesel engines were observed to be commonly fruitful in light of the fact that they diminished directed outflows with improved proficiency
other than expanding the inexhaustible portion in the fuel.
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Table 1.
Properties of alcohols [ ].

2. Perspective view
2.1 Diesel engine and its significance

Diesel engines are imperative gear in open transportation, rock solid hardware, control age, agrarian and modern hardware attributable to their higher fuel-change profitability, higher power yield,
higher torque limit, higher sturdiness, and higher trustworthiness than gas motors. Moreover they radiate lesser carbon monoxide (CO), hydro carbons (HC) and carbon dioxide (CO2) floods than
diesel motors [ ]. The utilization of fossil diesel in diesel motors passes on high NOx (nitrogen oxides) and buildup radiation that are unpleasant to both regular and human prosperity [ ]. Diesel
fumes is named harm causing to people by the International association for research on infection (IARC) in perspective on satisfactory evidence that its presentation is connected with an extended
peril of lung threatening development while:
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Diesel engines are widely employed prime-movers for public transit systems, agricultural equipment, industrial implementations, power generation, construction and heavy machinery because of
its un-matched fuel conversion e�ciency, durability and torque capability [ ]. The performance of diesel engines is usually higher than that of a gasoline engine of similar size. While the current
state-of-the-art diesel engines are typically turbocharged with cooled EGR, equipped with common rail direct injection (CRDI) and after-treatment for soot and NOx, a larger population of diesel
engines sold in agricultural and construction equipment during the last few decades in India include naturally aspirated stationary diesel engines [ ]. These engines are widely used in the Indian
agricultural sector to drive siphon sets to supply water for water system purposes [ ]. The present quantities of these diesel driven siphon sets in the nation is about 14.42 million. As indicated by a
study completed by the Indian Petroleum Conservation Research Association (PCRA), the yearly generation of these diesel driven siphon sets is 1.5 million with a normal yearly development of 7%.
It is important to note that Indian agricultural sector recorded a consumption of 6 million metric tons (MMT) of diesel, which is about 8.55% of India’s total diesel consumption (69 MMT) in the
year 2012–2013. This statistic implies that a large population of farmers in India is severely exposed to the toxic diesel exhaust from these engines.

2.2 Crude oil and its demand

The burgeoning population, rapid industrialization and higher mobility have increased the demand and consumption of crude oil every year. The  shows the crude oil consumption in the
year 2014–2015 across the world. The International Energy Agency (IEA) has predicted that the global crude oil demand will rise to 99 million barrels per day by the year 2035. Diesel extracted from
crude oil by fractional distillation faces depletion in future. There is an estimate that the reserves of crude oil are gradually depleting at the rate of 2.1% per annum. Hence it is imperative that
alternative forms of diesel engine compatible fuels have to be identified to improve energy security by the way of bio-based renewable sources. Instability in crude oil prices has an impact on the
economies of countries without oil reserves and is heavily dependent on import. In the past 10 years, India relied heavily on imports to meet its increasing fuel demands [ ]. High crude-oil imports
suggest payments in dollars and depletion of foreign reserves which a�ects economy. India’s domestic crude oil production plummeted for the fourth straight year in 2015–2016 which escalated
India’s import dependence to 81% in the last year from 78.5% in 2015–2016. Thus substitution of even a fraction of fossil fuel with a renewable biofuel will have positive impact on both the economy
and environment. It has to be noted that India’s fossil diesel consumption accounted more than that of gasoline. For instance, in 2012–2013, India consumed 69 million tons of diesel oil which is four
times than that of gasoline. This consumption is primarily in transportation, industry and agriculture as shown in the graphic in . The consumption in agriculture sector comprises tractors
17%, pump-sets for 7.5% and agriculture equipment 9.5%. All this indicates that a huge population is constantly exposed to hazardous gaseous emissions from diesel engines.

Figure 1.
Crude oil consumption in the year 2014–2015 [27].
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Figure 2.
Diesel consumption in India sector-wise [32].

2.3 Hazards of diesel engine exhaust

Diesel engines emits high levels of oxides of nitrogen (NOx) and particulate matter (PM) into the atmosphere which are proven to be harmful to both human and environmental health [ ]. Smoke
in diesel engine exhaust is carcinogenic and cause a cardio-respiratory diseases. The diesel exhaust is classified as carcinogenic and continuous exposure can increase the chances of lung cancer [ ].
The nano-sized particulate matter if inhaled is capable of trans-locating to the brain through olfactory nerves and can cause inflammation at deposition sites. In an experiment subjected 10 human
volunteers to dilute diesel exhaust for an hour and showed that there is a functional e�ect in the human brain indicating a general cortical stress response [ ]. Additionally, these smoke particles
are also potential inducers of oxidative stress. The human brain is considered to be very sensitive to the damages caused by oxidative stress. Long term oxidative stress is found to be associated with
diseases such as Alzheimer’s and Parkinson’s that leads to reduce cognitive function [ ]. Further, when pregnant women are exposed to diesel fumes, adverse e�ect on fetal development is
reported. NOx component present in diesel exhaust is a primary reason for smog, ground level ozone (1981), acid rain and sick building syndrome. NOx causes cyanosis and pulmonary diseases
[ ].
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3. Alternative source
3.1 Prospective diesel engine fuels

Realizing a clean, a�ordable and safe energy future to address the growing concerns of fossil fuel dependence and the subsequent degradation of air quality by burning fossil fuels has been a
challenge researchers relentlessly attempt to address [ ]. Diesel engines could be perhaps fueled by a wide range of fuels like straight vegetable oil, biodiesel, biogas and bioalcohol adopting several
strategies and modifications. The use of edible vegetable oils as diesel engine fuel threatens food security as the world community now embroiled in the “Fuel vs. Food” deliberation. Nonedible
sources also have a concern. Their cultivation take up large land sources meant for food crop cultivation. Biodiesels are usually derived from edible and nonedible vegetable oils by
transesterification which is a time consuming and expensive process. Biodiesels also presents the same concern as the vegetable oils because the feedstock they are derived from, takes up the
acreage meant for the cultivation of food crop. Further the by-product of transesterification like glycerol poses another environmental challenge and has to be carefully disposed [ ]. Biogas is
typically a mixture of two potential greenhouse gases, methane and carbon-dioxide. Biogas is usually produced and used in as is where is basis because of the costs involved in its storage and
distribution that require high pressure cylinders and safety measures to prevent leakage. Bioalcohols could be derived from both food and nonfood based feedstocks which makes them attractive
[ ]. Feedstock like lignocellulosic biomass which includes agricultural wastes (rice-straw, corn-stalks and sugarcane-bagasse), forestry wastes (wood-pulp, saw-mill and paper-mill rejects) and
energy crops (switch grass, elephant grass and agave) that can be subjected to gasification, pyrolysis, steam reforming and bacterial fermentation to yield platform chemicals. Valorization of
biomass to esteem included items and vitality is set to occur in biorefineries which could be viewed as similar to the present oil refineries [ ]. For a nation like India with huge prolific grounds
thriven by ordinary regular precipitation through rainstorm, there is a monstrous open door for gathering enormous amounts of lignocellulosic biomass and to ubiquitous diesel engines. The
present study utilizes two such bioalcohols namely cyclohexanol and n-octanol derived from nonfood based sources to power diesel engines. Low carbon bioalcohols like methanol and ethanol
which are popularly researched in gasoline engines are incompatible with diesel engines owing to their low energy density and low cetane number. Higher carbon bioalcohols like n-butanol, n-
pentanol, n-hexanol, cyclohexanol and n-octanol can be appropriate possibility for diesel engine innovation. These bioalcohols can be made from glucose by development using planned littler scale
living things or by getting ready lignocellulosic biomass using enzymatic hydrolysis and maturing, anaerobic digestion, gasification, pyrolysis and biocatalysis.  exhibits the properties of
some bioalcohols in examination with diesel and low carbon alcohols. It will in general be considered that to be the alcohols move higher, its cetane number, low warming quality, streak point,
thickness and consistency increases while its oxygen content, vapor weight, dissolvability in water and unconventionality diminishes [ ]. Also, the less vapor weight and less hygroscopic nature of
high carbon alcohols o�er better handling and storage. As a blend component, longer alkyl carbon chains also o�er better miscibility with fossil diesel without any phase separation over a period of
time.

3.2 Lignocellulosic biomass

Lignocellulose is the dry plant raw material that is abundantly available on the planet earth from which biofuels could be produced by processes like enzymatic and acid hydrolysis, pyrolysis,
gasification, liquefaction and anaerobic digestion. Lignocellulose is composed of lignin—(C31H34O11)n, cellulose—C6H10O5, and hemicellulose—C5H8O4. Lignin is the second most available
natural material in the world after cellulose. It is a complex aromatic polymer which could be processed to produce platform chemicals for biofuel production. Lignin has the highest specific energy
content among the three and constitutes up to 15–30% by weight and contains up to 40% by energy in a lignocellulosic biomass feedstock. The cellulose component is much easier to degrade and
process to several platform chemicals from which high carbon alcohols like n-pentanol, n-hexanol, cyclohexanol, and n-octanol could be derived.  shows the structure and composition of a
typical lignocellulosic biomass feedstock.

Figure 3.
Lignocellulosic biomass—Structure and composition.

3.3 Production potential

The estimated global biomass production is 1.70 × 1011 tons per year. Global commercial lignin extraction is around 63 MMT (million metric tons) per year. Lignocellulosic biomass is abundant in
nature and is available at low cost and could easily form a new class of second generation biofuels. The production of high carbon alcohols using catalytic synthesis could be scaled up with much of
the research required in engineering the reactor, process design and economic viability.
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3.4 Production pathways

The present study utilizes biofuels that could be possibly derived from nonfood-based feedstock. Biofuels that could be derived from biomass feedstocks using microbial production include high
carbon alcohols, biodiesels, jet fuels, and biogasoline [ ]. As of now, mechanical microorganisms (like Escherichia coli and Saccharomyces cerevisiae) and photosynthetic life forms like cyanobacteria
are built to follow up on non-sustenance-based sources and create petroleum like derivatives, called “progressed” or “drop-in” biofuels. The di�erent pathways for the combination of biofuels
derived from lignocellulosic biomass feedstock are presented in . The current study utilized bioalcohols like n-octanol and cyclohexanol that could be derived from lignocellulosic biomass
feedstock. n-Octanol is an aliphatic straight chain alcohol that has superior cetane number, calorific value, oxygen content, and solubility with diesel [ ]. Cyclohexanol is an aromatic ring chained
alcohol. Cyclohexanol has superior oxygen content but slightly lower cetane number and energy density than n-octanol. Both these bioalcohols are excellent biofuels that has huge prospects for
synthesis in biorefineries. Cellulose and hemi-cellulose can be subjected to enzymatic or acid hydrolysis to be broken down to sugars. C5-C6 sugars could be dehydrated to platform chemicals like
furfurals, levulinic acid. Selective microbial fermentation of C5-C6 sugars can be employed to extract high carbon alcohols using engineering micro-organisms like E. coli. During the past 3 years,
microbial production of n-octanol has gained the interest of researchers and extended the n-butanol pathway to obtain a yield of 70 mg/L of 1-octanol using the Clostridium species. Several
pathways were later developed with improved yield of n-octanol. Biosynthetic pathway employing multi-functional catalysts to derive linear C8 products like 1-octanol and di-octyl ether from
lignocellulose. A yield of up to 93% of linear C8 alcohol products was achieved using this innovative route. Subramanian et al. proposed 1-octanol as a biofuel with diesel-like properties and
engineered a biosynthetic pathway to extract it from E. coli. Recently, they developed an energy-e�cient catalytic system that could produce a highest yield of 1-octanol (62.7%) from biomass-
derived furfural-acetone and synthesized phenolic compounds like cycloalkanes, cyclohexanol and linear alkenes from a pyrolytic lignin-oil fraction using catalytic valorization through hydro-
treatment [ ]. Cyclohexanol can also be obtained from guaiacol which is one of the most abundant lignin de-polymerization products. They introduced an in situ catalytic hydrogenation system to
convert lignin-depolymerized compounds like guaiacol and phenol to cyclohexanol using Raney nickel catalyst and devised another highly e�cient hydrothermal conversion of biomass derived
cyclohexanone to cyclohexanol with high yield and high selectivity using in situ hydrogenation in the presence of a copper catalyst. It achieved more than 97.74% of guaiacol conversion with 100%
cyclohexanol selectivity in the presence of 20% Nickel/Magnesium-oxide catalyst. Recently, they achieved highly e�cient hydrogenation of a lignin-derived monophenol (4-ethylphenol) to
cyclohexanol over Pd/γ-Al2O3 (Palladium/gamma-Alumina) catalyst with selectivity up to 98.6%. Lignin can also be biodegraded to renewable biofuels using genetically modified microbes.
Bacterial lignin degradation activity has been best characterized in actinobacteria. The use of microbes like Pseudomonas stutzeri to breakdown lignin to aromatic monomers has been identified
already. The utilization of biocatalysts could address every ones issues for high profitability and high prospects for feasible cyclohexanol process advancement.
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4. Background
Smoke and NOx emissions in diesel engines have an inherent exchange o� connection among them and in this way endeavors to limit one of them would normally bring about expanding the other.
To add to this hopelessness, endeavors to decrease outflows would regularly result in misfortune in execution of the engine. This is because e�cient combustion often results in high cylinder
temperatures and reduces smoke but promotes NOx formation. On the other hand, lowering the combustion temperature results in incomplete combustion and favors NOx emissions but increases
smoke formation and reduce engine performance. Adding oxygenated biofuels like bioalcohols to diesel reduces smoke emissions by the way of providing additional oxygen during combustion in
fuel-rich zones via fuel-bound oxygen content. However this often results in higher NOx emissions. Exhaust gas recirculation (EGR) is a NOx reduction technology which involves bypassing a
percentage of the combusted gases back to engine cylinder along with the intake charge that reduces peak combustion temperatures responsible for NOx formation by the way of its thermal,
chemical and dilution e�ects. However, EGR causes a drop in engine performance as it disturbs the normal combustion process. Modifying the injection timing also a�ects the emission and
performance characteristics. Delaying the injection up to the TDC causes low combustion temperatures and reduces NOx emissions and engine performance. Early injection improves air-fuel
mixing and promotes complete combustion. This increases peak combustion temperatures and reduce NOx emissions. Hence it could be inferred that optimization of parameters like oxygenate
composition in diesel, EGR and injection timing could achieve low emission and high performance in a diesel engine.

5. Conclusion
Higher alcohols are second/third era biofuels that can be gotten from lignocellulosic biomass utilizing maintainable way and absent much any dependence on sustenance crops. As run of the mill
biofuels, they are equipped for tending to the two dimensional issue of natural debasement and vitality weakness. The accompanying ends can be drawn after this broad study concerning the
utilization of 3-carbon propanol to 20-carbon phytol in diesel engines.

Alcohol expansion drags out the start postponement of the mix. Higher alcohol/diesel mixes show higher pinnacle chamber weights and higher pre-blended warmth discharge rates contrasted with
diesel. The more extended the length of the carbon chain of the alcohol, the more ignitable the alcohol is. BTE of the engine energized with alcohols like propanol and butanol for the most part
demonstrated improved execution:

BTE drops with the use of pentanol and other higher alcohols in diesel engine. Longer chain fatty alcohols like hexanol, octanol and dodecanol are prevalently utilized as surfactants to balance out
lower alcohol/diesel mixes and diesel oil miniaturized scale emulsions.

NOx emissions for the most part diminished with expanding propanol or butanol substance in the mix. In any case, alcohols including pentanol and higher, expanded NOx discharges directly with
their substance particularly at high loads. This variety is because of the distinction in mastery between the impacts of higher warmth of vaporization and cetane number. This fragile adjusting
likewise relied upon the particular motor and its working conditions.

Abbreviations

ASTM American Society of Testing and Materials

BDC bottom dead center

Bmep brake mean e�ective pressure

BP brake power

BSEC brake-specific energy consumption

BSFC brake-specific fuel consumption
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Higher level of premixed burning

Low cetane number of propanol and improved shower attributes

Decline in consistency and thickness of the mixes.
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BTE brake thermal e�ciency

But n-butanol

CA crank angle

CCI calculated cetane index

CI compression ignition

CR compression ratio

CRDI common rail direct injection

EGR exhaust gas recirculation

Eth ethanol

Hex n-hexanol

HRR heat release rate

LHV low heating value

Meth methanol

MMT million metric tons

Oct n-octanol

Pen n-pentanol

ULSD ultra low sulfur diesel
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ABSTRACT 
 

Delamination in laminated composite structures usually initiate from discontinuities such as matrix cracks 

and free edges or from embedded defects due to the manufacturing processes. Therefore, it is important to 

analyze the progressive growth of delamination in order to predict the performance of a composite structure 

and to develop reliable and safe designs. Virtual Crack closure Technique (VCCT) is a fracture mechanics 

approach which is widely used to compute energy release rates. Cohesive Zone Method (CZM) is a 

progressive event governed by progressive stiffness reduction of the interface between two separating faces 

which uses bilinear material behavior for interface delamination and these two methods are used to analyze 

the delamination of multidirectional composite Double Cantilever Beam (DCB) specimen in a Commercial 

Finite element Package called ABAQUS. The proposed methods are validated with the benchmark results and 

load-displacement curves are plotted using both the methods. The strain energy release rates are found out 

using VCCT and a parametric study is performed by varying the crack lengths. 

Keywords : Delamination, Virtual Crack closure Technique (VCCT), Cohesive Zone Method (CZM), stiffness, 

Double Cantilever Beam (DCB)  

 

I. INTRODUCTION 

 

Delamination forms on the interface between the 

layers in the laminate. The analysis of delamination 

is commonly divided into the study of the initiation 

and the analysis of the propagation of an already 

initiated area. Delamination may form from matrix 

cracks that grow into the inter-laminar layer or from 

low-energy impact. De-bonding can also form from 

production non adhesion along the bond line 

between two elements and initiate delamination in 

adjacent laminate layers. Under certain conditions, 

delaminations or de-bonds can grow when subjected 

to repeated loading and can cause catastrophic failure 

when the laminate is loaded in compression. 

 

The Double Cantilever Beam (DCB) is used to access 

the mode I failure strength of composite laminate 

with all plies. In this type of failure mode, the load is 

applied on the cantilever arms and the crack 

propagates in the direction perpendicular to the 

applied load. In this case, no shear at the crack tip of 

delamination exists. Hence, the crack growth is due 

to the out-of-plane load. For this crack growth, we 

term as ―Mode-I‖ fracture. When the crack advances, 
the de-bonding takes place between the interfacial 

surfaces leading to the fracture, releasing the energy 

which is resulting in delamination. The energy that 

is dissipated in this process is coined as strain energy 

release rate or fracture energy pertaining to the DCB. 

During this process of crack propagation, the applied 

load will assist in increasing the energy associated 

with the cantilever arms and thus succeeds in 

http://ijsrcseit.com/
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attaining an energy level which is equal to or greater 

than the threshold barrier energy. 

The strain energy release mechanism is controlled at 

least partially by the structural interaction between 

plies during loading the laminate. Since this 

interaction can be altered by the kinematics of the 

crack, the energetic argument provides not only a 

criterion for crack growth but also for the kinematic 

effects such as growth stability. 

 
Fig 1: Modes of Failure 

 
Fig 2: Double Cantilever Beam with Load 

 

II. Methodology 

 

This paper evaluates to perform progressive damage 

simulation of the below mentioned DCB specimens 

with both unidirectional and multi directional 

composites by using Virtual Crack Closure Technique 

(VCCT) and Cohesive Zone Models (CZM)  

 
Fig 3 : Multidirectional Double Cantilever Beam 

specimen 

 

The Carbon-Epoxy multidirectional composite 

double cantilever Beam specimen is as shown in the 

above Fig 3. It has 32 plies having stacking sequence 

and the delamination is at the 16th ply. For this 

specimen progressive damage simulation of a Double 

Cantilever Beam specimen is carried out and the 

strain energy is evaluated using Virtual Crack 

Closure Technique method. 

 
Fig 4 : Unidirectional Composite Specimen 

specification 

 
Fig 5 : Multidirectional composite beam specifications 

Table 1: Material Properties of the DCB specimen 

 
Table 2: Material Properties of the unidirectional 

specimen 
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Virtual Crack Closure Technique 

The virtual crack closure technique (VCCT) is a 

well-established method for calculating the energy 

release rate (ERR) when analyzing fracture problems 

via the finite element method (FEM). The technique 

is based on the numerical implementation of Irwin‘s 
crack closure integral, as first proposed for two-

dimensional problems and later extended to three-

dimensional problems.. In recent years, the VCCT 

has gained great popularity for the study of mixed-

mode fracture problems, such as the delamination of 

composite materials and interfacial fracture between 

dissimilar materials.  

 

VCCT calculates energy release rate G, with the 

assumption that the energy needed to separate the 

surface is same as the energy needed to close the 

same surface area. This technique uses a contact or 

interfacial elements along a predefined interface of 

model.  

 

Nevertheless, this type of modeling involves a 

fracture mechanics technique with large body work. 

Although the growth criterion is energy release rate, 

G which is the subject of interest but there are few 

assumptions that must be accounted for, before 

proceeding to model. They are  

 

 Number of cracks  

 Location of cracks  

 Size of cracks  

Cohesive Zone Modeling  

 Cohesive zone (CZ) models have been 

introduced by Dugdale and Barenblatt and have 

recently attracted a growing interest in the scientific 

community to describe failure processes and 

delamination in particular. Cohesive zones project all 

damage mechanisms in and around a crack tip on the 

interface, leading to a constitutive relation, or 

cohesive zone law, between the traction and opening 

displacement 

As the surfaces (known as cohesive surfaces) 

separate, traction first increases until a maximum is 

reached, and then subsequently reduces to zero 

which results in complete separation. The variation 

in traction in relation to displacement is plotted on a 

curve and is called the traction-displacement curve. 

The area under this curve is equal to the energy 

needed for separation. CZM maintains continuity 

conditions mathematically; despite physical 

separation. It eliminates singularity of stress and 

limits it to the cohesive strength of the material. 

Advantages of Cohesive Zone models are:  

1) Interaction between crack faces is automatically 

incorporated and  

2) It can be fitted on experimental data.  

Cohesive zone models relate the relative 

displacement (‖opening‖ Δ) of two associated points 
of the interface to the force per unit of area 

(‖traction‖ T) needed for separation. Frequently – but 

not necessarily – a difference is made between 

normal (n) and tangential (t) direction, so the 

cohesive zone law comprises the two relations Tn(Δn) 
and Tt(Δt).  

Cohesive zone laws can be uncoupled or 

coupled. In an uncoupled cohesive zone law the 

normal/tangential traction is independent of the 

tangential/normal opening. In a coupled cohesive 

zone law, both normal and tangential tractions 

depend on both the normal and tangential opening 

displacement. Uncoupled laws are intended to be 

used when the debonding process occurs under one 

mode – normal (mode-I) or tangential (mode-II) 

loading – or is largely dominated by one mode. The 

majority of cohesive zone laws have a (partial) 
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coupling between normal and tangential directions, 

which is achieved by introducing coupling 

parameters in the model. 

FINITE ELEMENT ANALYSIS 

 

The finite element method is a numerical technique 

for obtaining approximate solution by reducing the 

infinite degree of freedom to finite degree of freedom 

for a wide variety of engineering problem. 

 

 
Fig 6 : Finite Element Modeling of DCB specimen 

with Boundary conditions 

 
Fig 7 : Refine mesh at the crack tip 

 

 
Fig 8 : Finite element modeling of DCB specimen 

using shell elements 

 

Delamination analysis for a composite double 

cantilever beam specimen is carried out using 

commercially available FE package Abaqus. Finite 

element Modeling of the specimen is done in abaqus 

software and it is meshed using 3D hexagonal 

elements as shown in the fig 8. Fine mesh is done 

near the crack tip and at the edges and coarse mesh at 

the other surface. Right end of the Double cantilever 

beam specimen is fixed and a constant loading of 10N 

is applied at the other end as shown in the Fig 6. 

A 3-D model is meshed using a SOLID 

C3D20R having 20 Nodes elements which is capable 

of modeling a composite structure up to 250 layers. 

While meshing the areas the aspect ratio is 

maintained in order to obtain the results accurately. 

Theoretically the thickness direction should contain a 

minimum of three nodes defining the surface and the 

number of nodes in the length and width (3-D) can 

be any arbitrary value. The meshing can be coarse at 

the junction and should be finer where the crack tip 

is present and the region around the tip. The rest of 

the specimen is not 

the subject of interest so the mesh can be coarse 

enough for the solution to converge. 

Typically this de-bonding technique is 

implemented using a contact and target elements at 

the interface along with Virtual Crack Closure 

Technique. The Finite element modeling of the DCB 

specimen using 3D shell elements are as shown in the 

Fig 8. The 4 noded shell element with reduced 

integration scheme (S4R) has been used for the bulk 

material and the 8noded 3D (COH3D8) cohesive 

element has been used for model zero thickness 

cohesive zone. These cohesive elements will have the 

properties of the adhesives used in the DCB specimen 

and the young‘s modulus of adhesive used , normal 
traction force and tangential traction force are given 

as input to the Abaqus software. 

 

III. Results and discussion 

 

From the Fig 8,  It can be noted that both the 

cantilever beams pull apart symmetrically from the 

crack face, thus signifying the vertical displacement 

of nodes on the crack face resulting delamination. 

This implies that there is a strong dominance of mode 

I loading in this condition.   
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Fig 9: Crack Propagation of DCB specimen using 

VCCT technique 

 

Fig 9 represents Crack propagation of a 

double cantilever beam specimen using Cohesive 

Zone Modeling method. The blue elements in 

between the cantilever beams represent the cohesive 

elements. These cohesive elements are nearly zero 

thickness elements which are introduced in between 

the cantilever beams and these cohesive elements are 

introduced along the complete width of the specimen 

and will have the properties of adhesives and during 

crack propagation these elements are distorted and it 

will give clear indication of crack propagation across 

any direction of the specimen. 

 

 
Fig 10: Crack propagation using CZM method 

 

The Load and displacement curves are plotted 

for the multidirectional Double Cantilever Beam 

specimen using Virtual crack closure Technique and 

Cohesive Zone modeling approaches. 

 

 

 
Fig 11: Load-displacement curves for VCCT and CZM 

 

In Fig 10 it can be observed that the curve is 

linear up to failure (Onset of delamination), therefore 

critical load (Pcrit) and displacement (δcrit) were 
taken as maximum. The Load-displacement response 

was successfully modeled by both approaches. From 

the graph It can be noted that the load displacement 

curve which is obtained using VCCT traced a linear 

path till it reaches the critical load, and without any 

softening effect which implies that in binary contact 

conditions using VCCT, no stiffness degradation of 

the contact elements at the interface takes place and 

crack tip changes from bonded to open. On the other 

hand Cohesive Zone Modeling Estimated the Critical 

Load little less than that the Critical Load obtained 

from the VCCT because of the presence of the 

Cohesive elements at the interface which will have 

the same properties that of the adhesives used to 

bond the cantilever beams whose stiffness is very less 

than the beam elements which results in stiffness 

degradation and thus crack opening takes place little 

early. A Fairly good correlation can be observed 

between Virtual Crack Closure Technique and the 

Cohesive Zone Modeling methods from the graph. 

Strain energy Release rate 

The strain energy release rate is a fracture 

parameter which is used to measure delamination 

characteristics of composite laminates and it can be 

defined as ―the energy dissipated during the crack 

formation for a newly created crack surface area‖ and 
denoted as G. the strain energy release rate for the 

multi direction composite double cantilever beam is 

calculated using Virtual Crack Closure Technique and 
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the computed strain energy release rate distributions 

across the width of the specimen are shown in Fig. 11 

 
Fig 12: Strain Energy Release Rate vs. Width of 

the specimen 

Progressive damage analysis of the DCB with 

unidirectional composite layups using CZM 

Progressive damage analysis of the DCB 

specimen of unidirectional composite layups is done 

using Cohesive Zone Modeling method. The 4 noded 

plain strain elements are used for the bulk material 

and 4 noded cohesive elements are used for zero 

thickness cohesive zone. The propagated crack and 

the failed cohesive elements are as shown in the fig. 

The white colored elements in the interface show the 

failed cohesive elements. The Load vs. Displacement 

curve is plotted for the above specimen and it is 

compared with the experimental results. Loads are 

taken in ‗N‘ and the crack opening displacement 

(COD) is in mm 

 

 
Fig 13: Crack propagation of DCB specimen using 

CZM method 

 

The Load-deflection curve is plotted for the 

above shown unidirectional specimen and it is 

compared with the experimental results and the 

trends shows good agreement 

with the experimental results. The curve is linear 

upto the elastic portion (the rising curve). The load 

for which the 1st node in the cohesive zone fails, can 

be predicted by the finite element modeling. In the 

softening zone the trend first decreases which agree 

with the bilinear traction separation law which is 

specified as the constitutive law of the cohesive zone 

model. The later portion shows the diverging effect as 

the mesh becomes course. As the elements become 

finer the curve tends to come down. More the finer 

mesh the diverging curve will change and follow the 

bilinear law specified. 

 
Fig 14: Load-deflection curve for the DCB specimen 

Progressive damage analysis of the DCB with multi 

directional composite layups using CZM 

The propagated crack and the failed cohesive 

elements are as shown in the Fig 14. The white 

colored elements in the interface show the failed 

cohesive elements. The Load vs. Displacement curve 

is plotted for the above specimen and it is compared 

with the experimental results. Loads are taken in 

Newton and the crack opening displacement (COD) 

is in mm. 
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Fig 15: Crack propagation of Multidirectional DCB 

specimen with shell elements 

The Load-deflection curve is plotted for the 

above shown multi directional specimen and it is 

compared with the experimental results as shown in 

the Fig 15. It can be seen that the results obtained 

from the Abaqus agrees well with that of the 

experimental results. The use of shell elements gives 

better simulation than using the plain strain 

elements. 

 

 
Fig 16: Load-deflection curve for multi directional 

DCB 

 

It shows good agreement with experimental 

results both in elastic region and the softening 

portion. It can be seen that the graph follows bi-

linear traction separation law with critical load 

occurring at 55.3 N and critical displacement at 2.30 

mm which agrees well with the experimental results. 

 

Table 3: Load-displacement values for multi 

directional DCB 

 
 

Parametric study for different crack lengths 

 
Fig 17 : load vs. displacement graph for different 

crack lengths 

 

Parametric study is performed by varying the 

crack lengths for the Double cantilever beam 

specimen using Virtual Crack Closure Technique 

method. In the above graph Y axis denotes load and X 

axis denotes the crack opening displacement. From 

the graph it can be noted that as the crack length is 

increased, the load required for the crack initiation 

decreases. From the graph it is evident that for the 

same crack opening displacement the load required 

for the crack initiation decreases. 

 

IV. Conclusion 

 

Progressive damage simulation of different 

Double Cantilever Beam specimens is carried out 

using Virtual Crack Closure Technique and Cohesive 

Zone Modeling methods. Load and displacement 

curves are plotted using both the methods. The 

results agree well for both the methods and it is 

validated with the experimental results.  

Strain energy release rates is evaluated for the 

multidirectional double Cantilever Beam specimen 

for the given loading using Virtual Crack Closure 

technique and it is validated with the results obtained 

from the literature review ―A shell/3D modeling 

technique for the analysis of delaminated composite 

laminates‖, the results agrees well with the reference 

paper results and from the results it can be concluded 

that the strain energy release rate is maximum at the 

centre of the specimen and the energy release rates 

progressively dropping towards the edges.  
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A parametric study is also carried out by 

varying the crack lengths to study the behavior of 

crack propagation in a composite double cantilever 

Beam specimen to study the delamination. From the 

results it can be concluded that as the crack length 

increases the critical load i.e the load required for the 

crack initiation decreases and the crack propagates 

more early. 
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ABSTRACT 
 

Smart- Glasses are the wearable computing device which can be attached to the spectacles or sunglasses of the 

user and can be paired with Smart Phones, via Bluetooth or Wi-Fi. In this paper, the authors are using the 

concept of Augmented reality to put a projection of user’s smartphones notifications such as Date, time, 
incoming calls, text messages to the user’s spectacles which acts as a virtual transparent screen to show those 
notifications while at the same time viewer can be interactive to surroundings without hindering his/her 

usual tasks in real-time.  

Keywords : Smart- Glasses, Augmented reality, the wearable computing device 

 

I. INTRODUCTION 

 

Today new technologies are emerging every day, one such technology is Augmented Reality, Smartphones & 

media devices are very popular & are a great way to receive audio, video and accessing the internet. After 

2010, the Google Glass came in the market which was the wearable device in form of glasses helped to 

continue lots of research & applications [1]. One of the uses of this device is to avoid accidents. Most 

accidents happen in the city due to the distraction caused by phone calls while riding. This could be 

developed as a device that helps in delivering message notifications and navigates users through the helmet, 

causing lesser distractions thereby making it a safe ride. To make up the projection onto the glass screen the 

authors are utilizing the following concept 
➢ The basic laws of physics namely Reflection & Magnification. 

➢ Microcontroller Arduino NANO ATmega328p & its programming. 

➢ Bluetooth module HC-05 for the integration of IoT. 

➢ 3-D designing using Solid Edge. 

➢ Laser-guided cutting for making the case. 

This paperwork is inspired by the idea of a Smart multimeter display created by Alain’s project [23]. 

Even further our vision to extend this work is to integrate an image recognition camera & integrate 

machine learning & Artificial intelligence to automate the process of attendance system in the 

classroom. In the proposed design, the device is made as a mounting on frame which can be joined 

with any glass spectacles [2]. It runs on Arduino Nano Micro-controller having ATmega328p 

Microcontroller (MC), which is programmed to connect with Smart-Phones through an android 

application. A Bluetooth module, named HC-05 is interfaced with Arduino Nano to connect with 

smart-phones. A DC battery of 9V is used as the power supply for Smart- Glass. SSD1306, 0.96” OLED 

display is interfaced with Arduino Nano, which displays the data received from Smart-phones, Smart-

http://ijsrcseit.com/
http://ijsrcseit.com/
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Phone application is used to transmit data of the phone, i.e.; Date, Time, Notifications of Phone call 

and Text messages [3].  

Reflection & Magnification phenomena 

Reflection of Light is the process of bouncing back the ray of light which falls on the surface of an object 

[5]. 

      There are three laws that govern Reflection and Refraction. 

1. The angle of Incident Ray with Normal(i) EQUALS Reflected Ray with Normal(r).  (i=r) 

2. Popularly known as SNELL'S LAW it is n1*sin i=n2*sin e   where ‘i’ is the same as above is the 

angle of refracted beam with normal. 

3. The incident ray, reflected ray, refracted ray and the Normal at the point of incidence all lie in 

the same plane. The plane is referred to as plane of incidence. 

 
Fig. 1. Reflection of Light [6]. 

Properties of Reflection by plane mirror [7]. - 

1. The size of the image is equal to that of the object. 

2. The image formed is as far behind the mirror as the object is in front of it. 

3. The image is laterally inverted. 

4. The image formed by a plane mirror is always virtual and erect. 

Magnification by the Lens (magnifying glass) 

A magnifying glass is a convex lens that is used to get a magnified image of an object. The lens is fixed in a 

frame with a handle. It consists of many very narrow concentric ring-shaped lenses, such that the 

combination acts as a single lens but is much thinner. This is known as the Fresnel lens [8]. 

 
Fig. 2. Concave lens (Magnification process) 

 

magnification is calculated using the lens' maker's equations [10]  

1/f=1/v−1/u          (1)                

Where f is the focal length of the lens, u is the distance of the object from the lens and v is the distance the 

image is formed from the lens. 

M = vu           (2) 
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The size of an object’s image is larger (or smaller) than the object itself by its magnification, M. The level of 
magnification is proportional to the ratio of v and u. An image that is double the size of the object would 

have magnification M=2. 

Application 

The following are the applications of our developed project & its technology in the real world. 

Medical Field - In MRI scanning & to do complex surgeries, AR technology can go to the in-depth and 

efficiency of tasks such as examining the human body in an interactive 3D format. 

Modern Market - In today's shopping trend, shoppers are using their smartphones to compare prices & look 

information on products they are using, by developing an AR app that shoppers can use to have a demo 

simulation. 

Manufacturing & Maintenance - One of the biggest industrial use cases of AR is for repair and maintenance of 

complex equipment. Whether it's a car motor or an aircraft machine, repair and maintenance staff are 

beginning to use AR headsets and glasses while they perform their jobs to provide them with useful 

information on the spot, suggest potential fixes, and point out potential trouble areas. This use case will only 

continue to get stronger as machine-to-machine IoT technology grows and can feed information directly to 

AR headsets. 

Designing - In interior design & architecture and construction, AR is helping to simulate their final products 

& structures. The use of headsets enables architects, engineers, and designers to view directly their buildings 

and models to see how their designs might look, and even make virtual plans on the spot. City planners can 

even model how entire city layouts might look using AR headset visualization. Any design or modeling work 

involving designs is a perfect tool for AR.  

Education Field - The smart classes are becoming smarter by advent of 3D viewing technologies, making the 

projections of course materials & chapter contents, learning is more 

enhanced & students become more interactive to view everything in 3D. 

Entertainment & gaming industry - The biggest use is in the gaming industry, with the games like Pokémon –
go, AR technology makes the game more interactive & livelier as every event seems to happen in the real 

world. Users feel better immersed in the game making the whole new experience. In entertainment sector, 

making devices using IoT that can stream audio, video news feed in front of viewer’s eyeglasses opens a whole 

new range of market for these devices. 

Public Safety & defense - At times of emergency today, people will immediately reach for their smartphone 

to find out what's going on, where to go for escape, and people are safe or not. First responders can arrive on 

the scene of a fire or earthquake trying to figure out who needs help, and the best way to get them to safety. 

AR is solving both issues of public safety, responders wearing AR glasses can be alerted to danger areas and 

show in real-time individuals that need assistance while enabling to still be aware of their surroundings. For 

those in need, geolocation enabled AR can show them directions, and the best route to, safe zones and areas 

with firefighters or medics. Military or intelligence spy’s wearing AR glasses can monitor any suspect or 
terrorists. 

Working of the proposed design 

The following are the main steps that are implemented during the whole process [3]. 

• Notifications Received. 

• Encoding. 

• Transmitting and Receiving. 

• Decode and Process. 

• Execution. 
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The app on the phone creates a virtual server between the Bluetooth module & Arduino Nano. Data in the 

graphic form such as time & incoming call notification is transmitted to 3 Arduino’s digital pin. The digital 

pin being connected to OLED forms the visual. Visual formed is reflected by a mirror at 45 degrees’ 
inclination in the case. Reflection received is magnified by a concave lens & then projected to acrylic screen 

forming a prism-like 3D projection of visual to the human eye. 

 
Fig. 3. Programming logic of proposed design [19] 

 
Fig. 4. Circuit Diagram 1 of the proposed design [19] 

 
Fig. 5. Circuit Diagram 2 of the proposed design [19] 
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Fig. 6. Alternative Circuit drawn using Circuit.io [21] 

 

Fig.7. Hardware Picture 1 of the proposed method 

 

 

Fig.8. Hardware Picture 2 of the proposed method 

Conclusion 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  172 

The AR-based smart glass is successfully made having following features & advantages. It is Cheaper 

compared to HUD glasses in market and can also be made using household materials and makeshift things. It 

also Light-weight & can be carried easily anywhere, In other sense, it is Portable economically. The author 

developed IoT based products in such a way that it is Easily wearable & of stylish in looks. It Can also be used 

in various inter-disciplinary fields such as defense & security, education & Gaming. 
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ABSTRACT 
 

This Paper presents a novel hardware design methodology of BLDC motor speed control system. Simulation 

studies are conducted with the effect of a sudden change in reference speed and load are also included. 

Finally, the proposed PI (Proportional-Integral) based BLDC motor drive system with a rating of 3 phase, 30V, 

400W, 3000 RPM is implemented using Spartan 3 Field Programmable Gate Array (FPGA) from Xilinx. 

Flexible FPGA module allows easily reuse of code used in development process during actual hardware 

implementation. Programmed FPGA with Laboratory Virtual Instrument Engineering Workbench 

(LabVIEW) is developed. The superiority of the proposed scheme on the aspects of the speed parameters is 

demonstrated using Lab VIEW monitoring.  

Keywords : PWM, PIcontroller, FPGA, Speed Control, Spartan-3E 

 

I. INTRODUCTION 

 

Many of the industrialized drives depend on electric 

motors for their production, therefore an efficient 

speed control of the motor is necessary. The 

essentiality of the BLDC motor and its application is 

felt strongly worldwide [1]. The development of PI 

control theories has already 60 years so far, however, 

this method is still extensively used now. PI-

controller and its modifications are the most 

common controllers in the industry. It is robust and 

simple to design, its operation is well known, it has a 

good noise tolerance, it is inexpensive and it is 

commercially available. In a conventional PI 

controller, tuning of control gains namely 

proportional gain (kp) and integral gain (ki) of a speed 

control system is the adjustment of its control 

parameters like overshoot and settling time. It is 

always desirable to get the optimum process 

response. So, PI controller is used with manual 

tuning methods like Ziegler-Nichols method for 

proper tuning of control gains kp and ki and to adjust 

the system to desired response and to maintain the 

control loop closed [1]. The modelling of 

conventional PI controller is done by using 

Matlab/Simulink, and the performance analysis is 

made at the different reference speeds and at various 

loads. The dynamic conditions of the motor drive 

system have also been simulated. Lab VIEW FPGA 

module is used to design the whole system that  

include analog capture circuit to take out the analog 

signals (set point and process variable) from the real 

world, PI controller module, and PWM signal 

generator module to drive the motor[2]-[4].The 

physical implementation of the digital system is 

based on Spartan-3E FPGA from Xilinx. This work is 

to focus on PI controller design to improve the speed 

performance of BLDC motor drive system at various 

http://ijsrcseit.com/
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set speeds and at different load conditions. Using 

Matlab/Simulink model, speed parameters of drive 

system is also analysed. It is realized with the help of 

Very high speed integrated circuit Hardware 

Descriptive Language (VHDL) programming 

algorithm of digital Pulse Width Modulation (PWM) 

generator topology [5, 6]. 

II. CONVENTIONAL PI CONTROLLER 

 

Fig1: Basic block of PI controller 

The basic block of PI controller is 

shown in Fig1. The PI controller calculates an error 

value as the difference between a measured Process 

Variable (PV) and the desired Set Point (SP). The 

instantaneous value of controller output is given by 𝑦(𝑡) = 𝑀𝑉 = 𝑘𝑝𝑒(𝑡) + 𝑘𝑖 ∫ 𝑒(𝑡)  (1) 𝑒(𝑡)  = 𝑆𝑃 − 𝑃𝑉  (2) 

where kp is the proportional gain  

ki is the integral gain  

e(t) is the instantaneous value of error  

The PI controller can be modelled easily in 

Matlab/Simulink software using available tools like 

gain, summing block, subtraction block and integral 

block. Tuning the controller is necessary to get the 

optimum process response. There are several 

methods available for tuning the controller 

parameters. Here to adjust the system to the desired 

response, the parameters of controllers must be 

changed by the manual tuning methods like Ziegler-

Nichols method for maintaining the closed loop 

system. Tuning the control gains kp and ki of a 

control system is the adjustment of its control 

parameters like overshoot, settling time to the 

optimum values for the desired control response.  

 

III. SIMULATION 

 In BLDC motor drive, PI controller is used in 

speed control loop. Speed error is given as input to 

the PI controller. It determines the reference value 

of voltage Vrefto control the drive parameters. The 

controller gain in the PI controller is set as kp=1and 

ki=5 using Ziegler-Nichols method of PI tuning. 

Dynamic response of the drive is analysed, and it 

depends upon the reference voltage produced by the 

speed loop in PI controller of the drive system. The 

voltage reference from speed loop decides the PWM 

signal of a three phase inverter. Since the motor fed 

by the inverter, output voltage of the inverter 

decides the speed of the motor. The performance of 

the drive is analysed with various set speeds and 

various load conditions .Simulation model of BLDC 

motor drive using PI controller is shown in Fig 2. 

 

Fig2: Simulation model of BLDC motor drive drive 

using PI controller 

FigError! No text of specified style in document.: 

Speed responseof BLDC motor drive drive at no load 
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Speed response of BLDC motor drive at a reference 

speed of 2000 RPM is shown in Fig. During this 

analysis, the motor run at no load. Peak overshoot is 

high with a change in speed. At starting the motor 

gets oscillated due to change in speed of 2000 RPM. 

Then,it runs at set speed till the load is varied. The PI 

controller based drive gets oscillation when starting 

torque is high. It is the effect of poor control due to 

overshoot in the reference voltage produced by PI 

controller. This overshoots reflects on motor speed 

and settles to zero after some delay because the 

motor starts with no load. 

 

Fig 4: Speed response of BLDC motor drive at 

load of 1.2 Nm using PI controller 

Speed response of BLDC motor drive 

drive at load of 1.2 Nm using PI controller is shown 

in Fig 4. The time taken to settle back to its reference 

speed after speed drop is stated as restoration time. It 

is evident that the restoration time has reduced. The 

speed drop is also high when there is a change in 

load. For variable load analysis, the load is increased 

from no load to 1.2 Nm at 0.5 sec and then torque 

settles at steady state condition at 0.54 sec.  After 

load change, the motor settles with a restoration time 

of      0.06 sec.  It can also be observed from the 

simulation results that performance of PI controller 

is poor during the case of speed variation. 

 

Table 1. Performance of BLDC motor drive using PI controller 
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Speed response of BLDC motor drive using PI 

controller at various speed is shown in Fig5. When 

the reference speed varies from 2000 RPM to 1500 

RPM at t = 0.3 sec, speed error increases, the PI 

controller produces increased voltage as a reference 

voltage to attain the set speed. At the time of 0.5 Sec, 

the load is increased first to 50% and then to 100%, 

and the performance parameters are shown in Table 

1. The speed drops when the load is increased. It 

causes an increase in error sensed by PI controller 

and it increases DC voltage to the inverter increase 

the speed and attains the set speed after restoration 

time. The motor settles at set speed with less 

overshoot. Speed drop during a load change produces 

oscillation in the speed performance of BLDC motor. 

When 0.6 Nm load and 1.2 Nm load is applied, 

torque of the machine gets increased with less 

overshoot. This oscillation exists up to 0.54 secat a 

speed of 2000 RPM.   

Fig 5: 

Speed response of BLDC motor drive using PI 

controller at various speed 

Drop in speed again increases speed error, and it is 

compensated by PI controller by raising reference 

voltage. It shows that the motor follows the 

reference speed and produces minimum speed error. 

The perfect rise in voltage increases the speed and 

attains the set speed after the restoration time. Speed 

drop during load change in percentage value lies in 

the range of 11.9 to 5.3. Restoration time lies in the 

range of 0.03 sec to 0.08 sec. 

IV. EXPERIMENTAL SETUP OF PMBLDC DRIVE  

An experimental setup has been designed and the 

hardware has been realized using a Spartan3 FPGA 

for a BLDC motorof rating 400W, 3 phase, 30V, 3000 

RPM. The block diagram of the hardware is shown 

in Fig6. It comprises of a Spartan 3 FPGA, which can 

build PWM generator and an Analog to Digital 

Converter (ADC) unit. The MOSFET IRF840 is used 

as the switching device. The keypad is interfaced 

with FPGA to choose algorithm and control of the 

motor. Control of motor includes setting speed 

required, ON and OFF of the motor.   

 

 

 

 

Fig 6: Block Diagram of BLDC motor drive [9] 
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logic per I/O, significantly reducing the cost per logic 

cell. The Spartan-3 family features a rich network of 

traces that interconnect all five functional elements, 

transmitting signals among them. Each functional 

element has an associated switch matrix that 

permits multiple connections to the routing [9]. 

4.2 Lab VIEW 

Lab VIEW is a type of graphical approach of 

programming that helps to visualize each and 

every aspect of the given application from 

National Instruments. Since this might be the 

case for multiple nodes simultaneously, lab VIEW as 

denoted by G is inherently capable of parallel 

execution [10]. This implies that each VI can be 

simply tested before being embedded into a larger 

program as a subroutine [11,12].A benefit of using 

Lab VIEW environment is the independent nature of 

the G-code, which is (with the exception of a few 

platform-specific functions) portable between the 

different Lab VIEW systems for different operating 

systems (Windows, Mac OS X, and Linux) [8,9]. 

National Instruments is increasingly focusing on the 

capability of providing Lab VIEW code onto an 

increasing number of targets including devices like 

Phar Lap OS based Lab VIEW real-time controllers, 

Pocket PCs, PDAs, Field Point modules and into 

FPGAs on special boards [14-17]. 

 

 

V.  HARDWARE IMPLEMENTATION 

. Experimental Setup of BLDC motor drive is shown 

in Fig7. 

 

Fig 7: Experimental Setup of BLDC motor drive 

 

Fig 8: Block Diagram of BLDC motor drives when 

RS232 is disabled 

The Lab VIEW program has two screens front screen 

and block diagram. The front screen consists of 

inputs and outputs. Block diagram consists of the 

control circuit. The block diagram of Lab VIEW 

program using VISA tool is shown in Fig8. It states 

the condition when RS232 is enabled. The speed 

graphs in LABVIEW at speed reference as 1500 RPM 
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are shown in Fig10.Experimental results are given in 

Table 2. 

 

 

 

 

 

 

 

 

Table 2. Experimental performance of PI controlled 

BLDC motor drive  

 

 

Fig 10: Speed performance using PI controller 

II. CONCLUSION 

In this paper, the speed control of BLDC motor drive 

with PI controller is studied. Using Matlab/Simulink, 

a simulation model has been developed. A BLDC 

motor of rating 3 phase, 30V, 400W, 3000 RPM is 

experimented using the Spartan 3 FPGA kit.  

Experimental setup of PI based BLDC motor drive 

using Spartan 3 FPGA is discussed. Experimental 

analysis is done with various loads of 1.2 Nm load, 

0.6 Nm load, and no load.  Speed drop during 

maximum load of 1.2 Nm change is only 3% at 3000 

RPM. To demonstrate the learning capability and the 

applicability of the proposed controller, various test 

cases are performed under different operating 

conditions. The results validate that the experimental 

results are very close to the simulation results. 
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ABSTRACT 
 

The Power System Stabilizer (PSS) is a controller, which is used to mitigate the instability of Low Frequency 

Oscillations (LFOs) in power systems. The condition of oscillatory instability can also cause the loss of 

generator synchronism. It is observed that the damping provided by PSS depends on the proper selection of 

its parameters. This paper presents the systematic method for the selection of PSS parameters using 

evolutionary nature inspired optimization technique called Flower Pollination Algorithm (FPA). FPA is 

employed for selecting the optimal parameters of PSS so as to mitigate the low frequency oscillations of 

generator rotor and thereby oscillatory instability. The system consists of Single Machine with PSS which is 

connected to Infinite Bus (SMIB) through a transmission line. The transient simulation validates the 

performance of the system with optimized PSS. The results show that PSS with FPA optimized parameters 

provides fast and stable response. 

Keywords: Power System Stabilizer (PSS), Low Frequency Oscillations (LFOs), Flower Pollination Algorithm 

(FPA). 

 

 

I. INTRODUCTION 

 

 

The modern power systems with a long transmission lines are critically affected by low frequency 

oscillations particularly under stressed condition with random high load fluctuations. The occurrence of load 

fluctuations can initiate the swinging of generator rotor and hence low frequency oscillations originate. The 

ever present random load fluctuations can cause an adverse harmful effect on the rotor oscillations. If the 

damping of the system is not adequate (even if negative) then the adverse effect is shown in the long 

transmission line which threatens the power system stability and also the longevity. Hence, it is noteworthy 

that damping of the system has to be improved in the low frequency range. PSS is the supplementary 

controller in the excitation system which helps to mitigate the problems of LFOs. It is a cost effective and 

satisfactory solution [1], [2]. There exists a considerable literature on the design of PSS to mitigate the LFOs 

and to enhance the system stability. The advantages of NN tuned Fuzzy Logic (FL) based PSS are 

simplification in learning capability and high computational speed. In [6], Bat Algorithm (BA) based PID-PSS 

is presented. The PID-PSS parameters are optimized using BA.  

The tuning of PSS parameters by using a recently proposed algorithm called Oppositional 

Gravitational Search Algorithm (OGSA) is done in [7], which is used to mitigate LFOs and improve dynamic 

http://ijsrcseit.com/
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stability of the system. The design of PSS based on Genetic Algorithm (GA) is reported in [8], which is used to 

suppress the rotor oscillations, enhance the settling time and overshoot. The optimization of PSS parameters 

using Particle Swarm Optimization (PSO), Bacterial Foraging Algorithm (BFA) and Gravitational Search 

Algorithm (GSA) is reported in [9], [10] and [11] respectively. The above stated optimization techniques have 

some drawbacks, such as consume more computational time, complexity, encoded parameters requires more 

capacity and results with less accuracy. The best features of FPA are the global survey and local manipulation 

in the same iteration and randomness in every iteration by way of abiotic pollination. In this paper, a 

systematic selection of PSS parameters using flower pollination algorithm is presented. The objective of this 

paper is to improve the system stability and optimize the PSS parameters using FPA. The performance of the 

system with optimized PSS parameters is validated through the transient simulation under large disturbance. 

The sections of this paper are organized as follows. The modelling of the power system is presented in Section 

2. The design of PSS is explained in Section 3. The results and discussion are described in Section 4. At last, 

the conclusion is presented in Section 5. 

 

II. Modelling of the Power System: 

The power system model schematic diagram is shown in Figure 1. It includes synchronous generator, 

PSS, automatic voltage regulator, transformer, transmission line and infinite bus. The resistance and reactance 

of the transmission line are denoted by Re and Xe respectively. The AVR and the excitation system are used 

for the controlling the terminal voltage of the synchronous generator which is indicated by Vt. 

 
Fig. 1: Structure of Power System Model [1] 

Structure of Power System Stabilizer: 

The purpose of PSS is to enhance the damping torque so has to overcome the negative damping 

provided by high gain, fast acting excitation system. The suitable input signal of PSS for this purpose is the 

generator speed deviation signal  [1], [2]. The structure of PSS is shown in Figure 2. 

 
Fig. 2: Structure of Power System Stabilizer [1] 

The PSS primarily consists of four blocks namely: gain, washout block, dynamic compensator and torsional 

filter. The torsional filter is not considered here. The output of PSS (Vs) is given to the AVR as an input 

signal.  
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1) Gain: The damping of low frequency oscillations, which corresponds to swing mode, depends on the gain 

(KPSS) of PSS. Hence, the optimal value of gain must be chosen so has to obtain the maximum damping of 

swing mode.  

2) Washout Block: The output signal of PSS may contain steady state bias. In order to remove the steady state 

bias, the high-pass filter is used in PSS, which is called as washout block.  

In general, the constants of compensator block are chosen to provide suitable phase lead 

compensation in 0 to 3.5 Hz. Also, T1 > T2 and T3 > T4. The transfer function of the dynamic compensator is 

given as follows  

 

 
The complete transfer function of PSS is given as 

 
Where KPSS, TW, T1, T2, T3 and T4 are gain, time constants of washout and compensator blocks 

respectively. 

 

Design of Power System Stabilizer: 

The objective of PSS is to mitigate the LFOs and thereby enhance the stability of the power system. 

The improvement in the damping and stability can be achieved by properly selecting the parameters of PSS. 

Here, the gain and time constants of PSS are selected using flower pollination algorithm with the aim of 

improving the system damping. In the following subsections, the FPA optimization technique and the 

formulation of objective function are explained. 

Flower Pollination Algorithm based Optimization Technique: 

FPA is an evolutionary optimization technique where the algorithm is based on nature inspired 

population. Surviving of best fittest plants is the main objective of the FPA to give the optimal reproduction 

of plants. Flower pollination is the process where pollens are transferred from one flower to the other giving 

rise to reproduction of the flowering plants. Switching action between local and global pollination is done by 

probability switch P. The range of probability switch (P) is lies in between 0 to 1 [12]-[14]. The four rules in 

FPA are as follows:  

Rule 1: Biotic or cross-pollination is categorized as global pollination. The pollinators carrying pollen 

follow Levy flights.  

Rule 2: Abiotic form of self-pollination is categorized as local pollination.  

Rule 3: Insects act as pollinators introduce loyalty to flowers resulting into the growth of probability 

to generate new individuals; the probability is proportional to the similarity between two flowers taking part 

into the process of pollination.  

Rule 4: Probability switch p [0, 1] is the controlling factor between global pollination and local 

pollination, somewhat biased towards local pollination.  
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The following steps are involved in FPA:  

Step-1: Setting the FPA parameters such as the number of generation (N), population size (n) and 

switch probability (p).  

Step-2: Random initialization of the parameters Xi, under consideration takes place for the assumed 

population size N. The fitness value is evaluated by calculating the objective function with every solution (Xi).  

Step-3: The process of global pollination starts with random number r for each solution (Xi), where r 

in [0, 1].  

Step-4: If r < p, the Le'vy distribution is adopted to generate the new solution as 

 
Were  L is a Le'vy flight and L > 0. The Le'vy flight is determined using 
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Step-5: Else, the local pollination takes place by producing random number , where  in [0, 1]. Step-6: 

Each solution (Xt+1) is calculated and the population is updated according to fitness value. Step-7: Sorting of 

solution and the newest best solution g* is found. Step-8: Step-3 to step-7 are repeated till the termination 

condition is satisfied. At the end, the best solution is presented.  

 

The non-linear optimization problems can be solved by employing FPA. FPA yields better 

performance compared to other optimization techniques. FPA gives numerous following advantages over 

conventional optimization techniques; such as, quick convergence, minimum complexity, superior 

computational speed and better performance. The flowchart of FPA is considered for the controller parameter 

optimization is shown in Figure 3.  

 

Formulation of Objective Function: 

The optimal set of PSS parameters is obtained using FPA. The primary objective in the design of PSS 

is to improve the system damping which can reduce the overshoot in rotor oscillations and suppress the 

oscillations in less settling time. Also, the stability of the system to be maintained.  

Considering these facts, the objective function E is formulated as: 

 
Where e = Tm-Te  

n = 1, 2,.........m.  

m is size of Tm array with transient simulation carried out for 2 sec.  

Tm is the mechanical torque and Te is the electrical torque.  

The objective function E is the sum of square of the difference between the mechanical and electrical torque, 

while maintaining the stability of the system.  

Hence, to achieve the desired performances, the optimization statement is structured as Minimize E Subjected 

to the condition that Real part of all eigenvalues < 0.  

The boundary limits of PSS parameters are given as 

 
The range of PSS parameters is assessed from the locus of eigenvalues. The trajectories of eigenvalues 

for the variation in controller parameters are shown in Figure 4. We observe that for the large values of time 

constants (T1 and T3), locus of eigenvalues are moving to right side of complex plane, hence the damping 

reduces and the eigenvalues are unstable. Hence, from the trajectories of eigenvalues and the realistic values 

of PSS parameters, we choose the upper and lower boundaries for controller parameters. Using FPA, the 

optimal parameters are obtained as: KPSS = 5.5, TW = 11, T1 = 0.15, T2 = 0.04, T3 = 0.15, T4 = 0.04 
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III. Results and Discussion: 

The performance of the system with FPA optimized parameters for PSS is determined by transient 

simulation and eigenvalue analysis. In transient simulation, the step change in the reference value of 

mechanical torque is applied at 0.5 sec and removed at 1.0 sec. In the FPA optimization process of PSS 

parameters, the best minimum value of objective function for different iteration and population sizes are 

plotted in Figure 5 and Figure 6. From Figure 5 and Figure 6 we observe that the value of objective function 

converges to best minimum in less number of iterations with increase in population size.  

 

 
Fig. 4: Movement of the eigenvalues with the variation of PSS parameters 

The location of eigenvalues in complex plane is plotted with optimal PSS parameters in Figure 7. In 

Figure 7, all the eigenvalues are on left half of the complex plane with optimal PSS parameters indicating that 

the system is stable. The response of rotor angle with optimal PSS parameters for the step change in 

mechanical torque is plotted Figure 8. 
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Fig. 5: Best minimum value of objective 

function in every iteration for different 

population size with 30 iterations 

 

Fig. 7: Location of eigenvalues in complex plane 

with optimal PSS parameters(Real part) 

 
Fig. 6: Best minimum value of objective function 

in every iteration for different population size 

with 50 iterations 

 

In Figure 8, the oscillations in generator rotor 

reduce with time and reaches steady state value. 

Hence, it is evident that the application of FPA to 

optimize the PSS parameters ensures the stability 

of the system. 

 

IV. Conclusion: 

In this paper, we have presented a systematic concept for the selection of PSS parameters based on FPA and 

to mitigate the LFOs of generator rotor. The FPA based optimization technique is used to optimize the 

controller parameters which ensures that the system is stable at the operating system conditions. The stability 

of the system is evident from the location of eigenvalues. The transient simulation results show that the rotor 

oscillations can be suppressed and reaches to steady state. The advantage of FPA is the fast convergence with 

less complexity. 

 

 

II. REFERENCES 

 

[1]. Prof. R.M.Sahu, Akshay Godase, Pramod CONTROL ENGINEERING, Vol. 4.  

[2]. Kanchan Mahajan, Proff.J.S.Chitode, "Waste Bin Monitoring 



 CSEIT19491157  | Published - 21  Dec 2019 | November-December-2019 [ (4 )  9 : 146-149 ] 

 

International Conference on Innovative Research in Engineering, Management and Sciences  

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2019 IJSRCSEIT | Volume 4 | Issue 9 | ISSN : 2456-3307 

 

146 

 

Study of Fluorescence Quenching of Coumarin Dye by Dimethyl 

Aniline In Binary Solvent Mixtures - A negative deviation  
P. Bhavya1, Raveendra Melavanki2, Raviraj Kusanur 3 

1Department of Physics, New Horizon College of Engineering, Outer Ring Road, Marathalli, Bengaluru, 

Karnataka, India 
2Department of Physics, M S Ramaiah Institute of Technology, Bengluru, Karnataka, India 

3Department of Physics, R.V. College of Engineering, Bengluru, Karnataka,India 

 

ABSTRACT 
 

Coumarin derivatives are extensively investigated in terms of their photo physical properties to understand 

excited state in regard to understand and innovate molecules. In this article we study steady state quenching 

of fluorescence of a coumarin derivative namely 3-Hydroxy-3-[2-oxo-2-(3-oxo-3H-benzo[f]chromen-2-yl)-

ethyl]-1,3-dihydro-indol-2-one (3HBCD) in binary mixture of acetonitrile and 1,4 dioxane. Dimethylaniline 

is used as quencher. A negative deviation is seen with modest quencher concentration in the Stern-Volmer 

(S-V) plots. The quenching ability of Dimethylaniline in reference to aniline is more due to its higher 

ionization energies. 

Keywords : Fluorescence Quenching; Negative deviation; Coumarin derivatives; solvent mixtures.  

 

I. INTRODUCTION 

 

Coumarin and its derivatives have been well famous 

for their anti-tumor [1-2], anti-coagulant, anti-viral, 

anti-oxidant, anti-inflammatory vaso relaxant [3-4], 

anti-microbial [5] and enzyme inhibition properties 

[6-9]. These compounds are specifically known to 

exert an anti-tumor effect and can cause significant 

changes in the regulation of the immune response, 

cell growth and differentiation [10]. Various fields 

like biology, medicine and electronics utilizes 

Coumarins are widely used due to their high 

fluorescence overall response. Solvent polarity, 

solvent viscosity and pH of the solution greatly affect 

fluorescence properties of coumarin as revealed by 

studies [11-16]. Fluorescence quenching play a 

sensory role by molecular identification which serves 

numerous categories of beneficiary including biology 

as well as chemical analysis. In biochemistry, 

fluorescence quenching has been used for a) 

investigation of accessibility and localization of 

probes in a membrane or protein [17-19] b) 

analyzing accessibility of fluorophores to quenchers c) 

detecting presence of multiple emitting species and 

many more. Many investigators found interest 

towards florescence quenching due tremendous 

novel application [12, 13, 27-30]. Fascinating 

applications and properties of coumarins and 

bioanalytical applications of fluorescence quenching 

inspired us for the present investigation. 

 

In present work, 3HBCD is investigated for its 

quenching interaction with aromatic amine 

Dimethylaniline as external quencher. Effect of 

solvent polarity and viscosity is analysed by doing 

quenching analysis different solvent mixtures of 

acetonitrile and 1, 4-dioxane at room temperature. 

http://ijsrcseit.com/
http://ijsrcseit.com/
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Negative deviation in S-V plot is observed in all 

solvent. 

 

II. THEORY 

 

Among various reasons fluorescence quenching of a 

sample externally added molecule called quencher 

gives immense information on surrounding medium. 

 Static quenching (contact quenching), 

dynamic quenching (collisional quenching) and 

Fluorescence Resonance Energy Transfer are three 

main quenching mechanisms that are caused by 

external molecule. Both of static and dynamic 

quenching processes are explained  

 

using Stern-Volmer (S-V) equation and Stern-

Volmer plots (S-V plots). The fluorescence intensities 

before (I0) and after (I) adding quencher are related 

as 

 

I0/I=1+KSV[Q] (1) 

 

Here KSV is known as S-V constant. Among linear 

and positive deviations in S-V plots some of the 

researchers have also reported a negative deviation 

in S-V plots (downward curvature) [18-22]. Many 

Reasons such as heterogeneity of the system, 

selective quenching, hydrogen bond complex 

formation, occurrence of reversible photochemical 

process etc are recognized for the negative deviation 

[18]. Quenching data arising due to one of these 

reasons may be analyzed using linear form Lehrer 

equation [20] given below. 

 

I0/∆I=1/f+1/ (f KSV [Q]) (2) 

 

Here ∆I = I0 – I. A plot of I0 /∆I versus 1/[Q] is linear 

with 1/f as intercept and KSV = intercept/slope. 

Negative deviation in S-V plot is inspected using 

above mentioned equations. f is the fraction of 

accessible fluorophores.  

 

 

 

III. EXPERIMENTAL DETAILS 

 

3HBCD is synthesized by standard methods [23,24] 

whose molecular structure is as shown in fig.1. 

 

Fig 1: Molecular structure of 3HBCD 

 

The doubly distilled aromatic amine Dimethylaniline 

is used as quencher. Spectroscopic grade solvents are 

obtained from S-D-Fines Chemicals Ltd., India. 

Sample concentration is kept at  

1 x10-5 M.  Mole concentration of quencher is 

varied from 0.00M – 0.10M for the solution 

prepared. Absorption spectra are measured at room 

temperature using double beam UV-VIS 

Spectrophotometer (Model: Shimadzu UV-1800) 

where maximum absorbance is found to be 389 nm 

and the same is used as   excitation wavelength. The 

fluorescence spectra are recorded using 

fluorescence spectrophotometer (Model: Hitachi F-

2700) by keeping operating voltage 400V and the 

slit width at 5nm. Typical emission spectra of the 

sample in 20% 1, 4dioxane + 80% acetonitrile 

without and with different quencher 

concentrations are shown in fig. 2. 

 

 
Fig 2: Emission spectra at 20% DX+ 80% CAN for 

fixed concentration of 1×10−5 M with varying 

quencher concentration of Dimethylaniline 
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Fluorescence lifetimes (τ0) measurement facility is 

availed at IISc, Bangalore using Photo physics 

model of TCSPC nanosecond fluorescence 

spectrometer HORIBA FLUOROLOG. Lifetime is 

measured without quencher by exciting the at 

389nm. 

 

                           IV. RESULT ANALYSIS 

 

The fluorescence quenching study is ACN and 1,4DX 

at room temperature. External quencher 

Dimethylaniline (DMA) is added. Quenching data is 

analysed by the most convenient and reliable 

method i.e., by plotting S-V plots [9-22] using 

equation (1) and is shown in fig3. 

 

The plots are almost linear in the lower 

concentration range and at higher quencher 

concentration (0.06-0.10M), show deviation 

towards x-axis with unity as intercept. The 

quenching data related to negative deviation S-V 

graph is handled by using equation (3) and modified 

S-V plots are presented as in fig.4. 

 

 
Fig 3: Stern–Volmer plots exhibiting negative 

deviation in different solvent mixtures 

 

 
Fig 4: Modified linear Stern–Volmer plots of I0/(I0  

−I) versus 1/[Q] in different solvent mixtures with 

Dimethylaniline 

 

The obtained straight line plots has with f-1 as 

intercept where f lies between 0 and 1 (0≤ f ≤1) and 
LHKSV= intercept ⁄ slope. 
 

The bimolecular quenching rate parameters kq was 

determined with the substitution of the 

experimentally measured values of LHKSV and τ0 in 

the relation kq= LHKSV/ τ0 (Table 1). From the plots 

I0/I versus [Q] (i.e. for lower quencher concentration 

region a linear plot is made) we have calculated S-V 

constant LHKSV to analyse different quenching 

parameters to categorize the quenching mechanism. 

These values are also tabulated in Table 1. 

Overall static quenching is ruled out due to no 

changes in absorption and emission spectrum of the 

fluorophore upon addition of quencher and since 

values LSVKSV measured from the linear fit are 

relatively small compared to LHKSV (Table 1).   

 

A negative deviation in S-V Plots showed at higher 

concentrations (from 0.06M to 0.1M) of quencher 

can be due to the occurrence of a reverse reaction in 

the photochemical process or the existence of two 

fluorophores with different accessibility to quencher. 

photochemical process is ruled out as no new 
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fluorescence emission band is observed on adding 

quencher into the mixture solutions of 3HBCD. 

Hence negative deviation in Fig. 3 would be due to 

the presence of 3HBCD in two different conformers. 

It can proposed that 3HBCD occurs in possibly two 

different conformers which are accessible for 

fluorescence quenching in different fractions. 

Conformer (I) may be due to possibility of intra-

molecular hydrogen bonding between the hydrogen 

atom of hydroxyl group and oxygen atom of the 

carbonyl group (as shown in Shcme-1). Conformer 

(II) exists due to inter -molecular hydrogen bonding 

between –OH group of one coumarin molecule with 

lactam –NH group of the other coumarin molecule as 

shown in Scheme-2. Here one of fractions of 

accessible fluorophores is assumed be conformer (I) 

due its highest stability[18].  

 

 

Table 1: Quenching parameters of 3HBCD in solvent mixtures of  ACN and DX with fraction of accessible 

fluorophores ( f ), S-V constant (KSV), bimolecular quenching rate parameter (kq) and diffusion rate constant 

(kd) 

 

Solvents 

Viscosity  

η 
Dielectric 

constant ε 
Life time 

τ (ns) f 
LHK SV LSVKSV kq 109 kd 10 9 

 

(cP) (M
-1

) (M
-1

) (M
-1

s
-1

) (M
-1

s
-1

)  

   
 

100% Acetonitrile 
0.34 

 
0.35 0.55 26.7 9.35 74.51 31.34  

(ACN)  36  

        
 

20(DX)+80(ACN) 0.34 29.22 0.40 0.56 30.95 9.5 75.56 30.41 
 

40(DX)+60(ACN) 0.40 22.44 0.62 0.45 34.76 9.02 55.94 26.2 
 

60(DX)+40(ACN) 0.53 15.66 0.61 0.47 58.3 11.8 94.64 20.2 
 

80(DX)+20(ACN) 0.77 8.88 0.73 0.27 71.5 6.22 97.57 10.8 
 

100% 1,4 Dioxane 

(DX) 1.17 2.1 1.11 0.81 132.1 56.6 118.3 9.11 
 

 
 

 
Scheme-1: Intra-molecular hydrogen bonding 

formation. 

 
Scheme-2: Inter molecular hydrogen bonding 

formation between –OH group and –NH group. 

 

By plotting the data according to equation (3) it is 

observed that S-V constant varies from 26.70 M-1 to 

132.10 M-1 (Table1). Also from fig 4, intercept yields 

fraction of accessible fluorophore f ( i,e. for one of 

the conformer of 3HBCD) to be < 1 which suggests 

that both the conformers are partially available for 

quenching. S-V constant obtained in our previous 

paper [18] by using aniline as quencher, it is found to 

be less than the values obtained by using 

dimethylaniline. Hence the quenching ability of 

Dimethylaniline in reference to aniline is more due 

to its higher ionization energies. 

 

The high values suggest efficient quenching of 

fluorescence. Evaluated values of kd using the 

formula  

 

kd  =4πN' DR (5) 

 

is made according to standard procedure and are 

tabulated in Table 1. Viscosities of the solvent 

mixtures are obtained from literature [25].  

 As seen here values of kq is greater than kd 

suggesting diffusion limited reaction. But from fig 5 
LHKSV is found to be increasing with the increase in 

viscosity of solvent mixture. Hence it can be inferred 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  147 

from Inverse dependency of kd on viscosity of the 

solvents, that quenching is not merely controlled by 

material diffusion [20]. The value of LHKSV inversely 

dependent on dielectric constant of the medium. A 

plot of LHKSV vs. ε is obtained as in fig 6 which may 
suggest that the reacting species are of opposite 

charge. With decrease in acetonitrile percentage in 

the medium dielectric constant decreases, which 

destabilizes the re-acting species, and increases the 

reactivity and the rate of the reaction is enhanced 

[26]. 

 

 
Fig 5: Plot of S-V constant LHKSV mixtures viscosity 

 
Fig 6: Plot of S-V constant LHKSV constant of 

solvent mixtures 

 
V. CONCLUSIONS: 

 

Aprotic binary mixtures are used to study 

fluorescence quenching mechanism of 3HBCD, using 

Lehrer equations. Aromatic amine Dimethylaniline 

is used as external quencher. 

 

Large value for bimolecular quenching rate is 

obtained representing high quenching efficiency. 

 

With the increase in solvent viscosity diffusion 

limited rate constant decreases representing that 

dynamic quenching is not strictly controlled by 

material diffusion. 

 

Quenching ability of Dimethylaniline in reference to 

aniline is more due to its higher ionization energies. 

The presence of 3HBCD in two ground-state 

conformers due to intermolecular and intra-

molecular hydrogen bonding is indicated by negative 

deviation from the normal Stern–Volmer 

relationship. 

 

Overall quenching of the fluorescence of 3HBCD is 

affected considerably by solvent polarity, viscosity of 

the media and ionization energies of quencher. 
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ABSTRACT 

 

Al-alloys are widely used application due to their low density, good mechanical properties, better corrosion 

resistance, wear resistance as compared to conventional metals and alloys. Fly ash is chosen because of it is 

least expensive and low density reinforcement available in large quantities as solid waste by-product during 

manufacturing of bricks. Due to low weight it can be utilized in automobile application and thus improving 

its life. The present work has been done on Al alloy 2024 Fly ash composite. These were fabricated using Al-

2024 alloy as metal matrix and fly ash as reinforcing material. Various weight based composites like (Al 100% 

- FA 0%), (Al 95% - FA 5%), (Al 90% - FA 10%), (Al 85% - FA 15%) were fabricated by Stir casting 

technique. The obtained composites were sized into small specimens and tests like hardness test, wear test, 

tensile test, microstructure test were carried out. 

Keywords : Composite, Fly ash, Al - 2024, Wear, Hardness, Tensile, Microstructure. 

 

I. INTRODUCTION 

 

ALUMINIUM 2024: 

 

Aluminium alloy 2024 has a thickness of 2.78 g/cm³ 

(0.1 lb/in³). Electrical conductivity of 30% IACS. 

Young's Modulus of 73 GPa (10.6 Msi) over all 

tempers. 2024 aluminium amalgam's creation 

generally incorporates 4.3-4.5% copper, 0.5-0.6% 

manganese, 1.3-1.5% magnesium and not exactly a 

large portion of a percent of silicon, zinc, nickel, 

chromium, lead and bismuth. It has an extreme 

elasticity of 140– 210 MPa (21– 30 ksi), and most 

extreme yield quality of close to 97 MPa (14,000 psi). 

 

FLYASH : 

Fly ash particles are generally spherical in shape and 

range in size from 0.5 µm to 300 µm. Fly ash is a 

heterogeneous material. SiO2, Al2O3, Fe2O3 and 

occasionally CaO are the main chemical components 

present in fly ashes. Two classes of fly ash are 

defined by ASTM C618: Class F fly ash and Class C 

fly ash. Fly ash can be dark gray, depending on its 

chemical and mineral constituents. Tan and light 

colors are typically associated with high lime 

content. Fly ash color is  very consistent for each 

power plant and coal source. 

Table.1 Composition of Flyash 

Sl. No. Composition  Percentage 

1 SiO2  60.21  

2 Al2O3  26.08  

3 Fe2O3  4.80  

4 CaO 1.00  

5 MgO  0.25  

6 Total alkali 

as Na2O  

0.86  

7 SO3  0.25  

8 Cl  0.005  

9 LOI(Loss in 

Ignition)  

1.71  

 

http://ijsrcseit.com/
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Fig.1 Flyash 

ROCKWELL HARDNESS TEST:  

Rockwell hardness of a Specimen  involves 

application of a minor load followed by major load. 

The minor load resets to zero position. Major load is 

applied, then removed while maintaining minor 

load. Depth of penetration from the zero position is 

measured on a dial, in which a harder surface gives a 

much higher hardness number. The advantage of 

Rockwell hardness is that it displays the hardness 

values directly. Readings to be taken on a flat 

surface, as convex surfaces gives error readings.  

 

WEAR ANALYSIS (PIN-ON-DISC):  

In a pin-on-disc wear tester, a Specimen is loaded on 

a flat rotating disc in a way that the circular wear 

path by the machine is followed. The machine is 

used to evaluate various wear and friction properties 

for different materials under pure sliding.  

 

 
Fig.2 Pin on Disc analysis 

 

TENSILE TEST: 

 

This is a fundamental material test in which a sample 

is subjected to controlled tension until failure, it has 

maximum elongation and reduction in area. 

Properties that are directly measured via tensile test 

are ultimate tensile strength. 

Samples were machined and tested as per ASTM E8 

standard. Bench tensometer was the device used to 

test the tensile strength. The electronic Tensometer 

is a compact and bench model horizontal Tensile 

Testing Machine of capacity 20 KN. It is a small 

version of UTM- Universal Testing Machine and is 

used for testing tension and also compression, 

shear and flexural properties of different materials.  

 

Table.2 Specimen composition 

 

Specimen Aluminium 2024 

( wt %) 

Flyash 

( wt %) 

Specimen 

1 

100% 0% 

Specimen 

2 

95% 5% 

Specimen 

3 

90% 10% 

Specimen 

4 

85% 15% 

 

 

II. EXPERIMENTAL RESULTS AND DISCUSSION 

 

WEAR TEST:  

Table 3 Wear test results 

 

COMPOSITION SPEED 

(RPM) 

LOAD 

(N) 

TIME 

(min) 

WEIGHT (gm) WEAR 

RATE 

(gm/mm) 

INITIAL FINAL WT. 

LOSS 
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0% 

 

600 

500 

9.81 

19.613 

5 

5 

3.2638 

3.2614 

3.2614 

3.2535 

0.0024 

0.0079 

2.4047*10-6 

9.4940*10-6 

5% 600 

500 

9.81 

19.613 

5 

5 

2.5267 

2.5140 

2.5140 

2.5042 

0.0127 

0.0098 

1.2718*10-5 

1.1777*10-5 

10% 

 

500 

500 

19.613 

19.613 

5 

5 

2.5829 

2.5076 

2.5076 

2.5058 

0.0753 

0.0018 

4.2920*10-7 

8.0969*10-5 

15% 

 

500 

500 

19.613 

19.613 

5 

5 

3.0202 

3.0032 

3.0032 

2.9859 

0.0017 

0.0173 

2.060*10-6 

1.4571*10-5 

 
TENSILE TEST:  

Table 4 Tensile test results 

 

HARDNESS TEST: 

 Table 5 Hardness Test Results 

 

COMPOSITION 

(Flyash) 

APPLIED LOAD (Kg) BRINELL HARDNESS 

NUMBER 

0% 100 90.59 

5% 100 113.162 

10% 100 143.41 

15%    100 153.162 

 
 

 

 
Sl.no 

 
PARAMETERS 

 
                                 SPECIMEN 

1 2 3 4 

1 Initial area, (mm2) 32.68 32.68 32.68 32.68 

2 Initial gauge length, (mm) 25 25 25 25 

3 Peak load, (N) 5555.8 5065.4 5845.8 6119.8 

4 Engineering 

Ultimate Tensile strength, 

(MPa) 

174.2 160.7 185.8 190.8 

5 True 

Ultimate Tensile strength, 

(MPa) 

210.9 182.00 222.8 284.1 
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MICROSTRUCTURE EXAMINATION: 
 

The microstructure observations of the casted specimens are as shown below. The microstructures show the 

distribution of Flyash particles. 

The grain boundaries are visible and no porosity is seen.  
 

 

                                               
 SPECIMEN 1         SPECIMEN 2 
 

 

                                               
  SPECIMEN 3           SPECIMEN 4 

 
 

 

I. CONCLUSIONS 

 
Al 2024 with flyash composite was synthesized 

successfully by using stir casting technique. By 
adding flyash the strength of al 2024 alloy gets 

improved. This is due to the presence of hardened fly 

ash particles and oxides. 
 

The reinforced Al2024 exhibits higher tensile 

strength. 

 
The hardness values increased compared to the pure 

alloy without reinforcement and specimen 4 was 

found to have the highest hardness number.  
 

The reinforced composites were found to have less 

wear loss compared to the base alloy. 

 

Microstructure evaluation showed dispersion of the 
reinforcements in the specimens. 
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ABSTRACT 
 

Now a day's, the intelligent machines were created that works like a human is an artificial intelligence. 

Intelligent machines were trained with qualities such as, knowledge, reasoning, problem solving, learning, 

planning etc. These training of machines with various models is machine learning. Sub domain of a machine 

learning is deep learning method, in which computer models are trained to perform classification tasks 

directly from pictures, text or voice. Deep learning models can attain high accuracy, may be beyond human 

performance. Models are trained with large data sets & neural network architecture with several hidden 

levels. In a supervised deep learning, we tell machine what to do and what not to do using an algorithm. 

Since we are instructing machine what not to do, the machine is having limitations to solve the problem. To 

solve this issue, an unsupervised deep learning algorithms are used, which derive insights directly from data 

and that can be used to make decisions on data. 

Keywords : Machine Learning, Neural Network, Deep Learning, Intelligent Machine, Unsupervised Learning 

 

 

I. INTRODUCTION 

 

Machine learning is giving computers the capability 

to learn without programming to it. It is the ability 

to learn by the machine. Automating the learning 

process of computers depends upon their experiences 

without any human support. The process of 

automating the machine through machine learning 

begins with feeding a quality data with algorithm 

and training the computers by building machine 

learning models. It is a set of assumptions about the 

actual nature of data to be trained. The model is used 

as the source for determining what a Machine 

Learning algorithm should learn[1],[10],[11]. A good 

model, which makes accurate assumptions about the 

data, is necessary for the machine to give good 

results.    

Among the various types of ML techniques, a 

essential difference is drawn between supervised and 

unsupervised learning: 

▪ Supervised machine learning: “Train” the 
program on a pre-defined set of “known 
data”, which then assist the program to reach 
an precise result when new data is given. 

▪ Unsupervised machine learning: A collection 

of data is given to the program and it should 

discover patterns and relations therein. 

II. SUPERVISED MACHINE LEARNING 

In many of supervised learning applications, the 

decisive objective  is to develop a well performed 

hypothesis function h(x) (called as predictor 

http://ijsrcseit.com/
http://ijsrcseit.com/
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function). “Learning” consists of using well defined 
mathematical algorithms to optimize this function so 

that, given input data x about a certain domain (say, 

date of  a picture),[2] it will precisely identify some 

interesting value h(x) (say, location of the picture). 

In practice, x almost always represents multiple data 

points. So, for example, a location of a picture 

predictor might take not only date of a picture (x1) 

but also Time of picture taken(x2), number of 

pictures taken (x3), solo or group picture(x4)and so 

forth. Predicting which input data to use is an vital 

part of ML design. However, for the sake of 

explanation, it is easiest to assume a single input 

value is used. 

So let's consider simple predictor which has this 

form: 

h(x) = θ0 + θ1 

where θ0 and θ1 are constants. Our goal is finding the 

appropriate values of θ0 and θ1 to make our predictor 

work as well as possible. 

Training examples are used to optimize predictor h 

(x). For every training example, There is an input 

value(x_t) and its corresponding output, y, is known 

in advance. For each example, we find the difference 

between the known, correct value y, and our 

predicted value h(x_t). With the sufficient training 

data examples, these differences give us a useful way 

to compute the “erroneousness” of h(x). We can then 
catch h(x) by tuning the values of θ0 and θ1 to make it 

“less wrong”. This process is repeated over and over 
until the system has converged on the best values for 

θ0 and θ1. By this process, the predictor gets taught, 

and become ready to proceed some real-world 

prediction. 

 

 
In the above illustration, employee satisfaction is 

represented with respect to salary and satisfaction 

rating. A simple problem is considered for the 

purpose of illustration, but the problems are much 

more complex in the real world , that's the reason 

ML exists. Here a two dimensional data 

representation is illustrated. we can draw a picture 

of, maximum, a three-dimensional data set, but in 

general, ML problems focussing on data with plenty 

of dimensional factors, and much complex predicting 

functions[3]. The problems that are complex to solve 

by numerical procedures can be solved by machine 

learning methods. The objective of ML is not only to 

make “accurate” estimations, because ML deals in 

area of computer science where no such concept is 

adopted. The primary objective of machine learning 

is to perform guesses that are perfect to use. 

 

 
The predictor would produce employee satisfaction 

rate 25 if the predictor is asked for the satisfaction of 

employee earns 60k. If we perform a little 

modification as a mathematical magic, we can 
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calculate, with very high conviction, that values θ0 

and θ1 are going to give us a efficient predictor 

function. 

A. Algorithms used for supervised machine learning 

– 

▪ Nearest Neighbor 

▪ Naive Bayes 

▪ Decision Trees 

▪ Linear Regression 

▪ Support Vector Machines (SVM) 

▪ Neural Networks 

III. UNSUPERVISED MACHINE LEARNING 

In unsupervised machine learning, the computer is 

trained with unlabeled data to identify the patterns 

of the data. No need of instructor in this case, the 

computer can be able to teach us new things after the 

pattern of data is learnt by the machine. this is useful 

when human does not know what to look in the 

data. unsupervised machine learning uses pattern 

detection and descriptive modeling[9],[12]. These 

algorithms use learning methods on the input to 

discover rules, patterns and cluster the data sets 

which help deriving meaningful insights. 

 

A. Algorithms used for unsupervised machine 

learning – 

▪ k-means clustering, Association Rules 

B. How to Organize a Photo Gallery using 

unsupervised machine learning?– 

I have 1500+ photos in my Smartphone right now. If 

I had been a selfie freak, the photo count would 

easily be 10 times more. Sifting through these photos 

is a nightmare, because every fifth photo turns out to 

be unnecessary and useless for me. 

To get a clearer perspective of the problem[5], I went 

through my mobile and tried to identify the 

categories of the images by myself. Here are the 

insights I gathered:  

one third of my photo gallery is filled with 

circulars/notifications from my office. I would like to 

collect images of motivational and interesting quotes. 

There are at least 300 images I captured, or shared by 

my colleagues and group pictures. There are few 

images/screenshots for my reference that has to be 

purged after use. There were numerous "good 

morning", "happy birthday" and "festival greetings" 

pictures that I desperately want to delete from my 

gallery. How much I exterminate them, they just 

keep coming back.  

In this scenario, better ways can be adopted to 

organize photos using automated algorithm in such a 

way to access them in less time[4].   

 

 

IV. APPROACHES TO ORGANIZE PHOTOS IN 

SMART DEVICES 

 

A. Approach 1 - Arrange on the basis of important 

date 

This is the simplest way to arrange the photos based 

on important dates say birthday, anniversary etc. It is  

quite easy to search photos based on date. 

B. Approach 2 - Arrange on the basis of time 

+ 

 

New Album Me 

1 item 

  

Sha Anniversary 

1 item 

Brother's wedding 

52 item . shared 
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The simplest way is to arrange the photos on the 

basis of time. Each day different folders can be 

created. Typically most of the photo viewing 

applications use this approach.   

C. Approach 3 - Arrange on the basis of location 

This way of arranging photos is good because if the 

photos are maintained based on the location that 

have been visited by us. If the GPS location of the 

smart device is turned on, then this approach can 

scrutinize the photos and organize more often 

&rapidly. 

D. Approach 4 - Arrange on the basis of the image 

received through group 

We are in the modern world where we are 

controlled by machines in one extreme. Social media 

are playing a vital role and that became medium of 

communication for us. the best example is whatapp 

group. Any corporate or academic individual could 

be a part of at least 5 whatsapp groups which is only 

for information sharing & communication. At this 

scenario, if the images are clustered according to the 

group through which group it come from[6].    

E. Approach 5 - Extract Semantic meaning from the 

image and use it to define image collection 

These approaches were mostly dependent on the 

metadata that is captured along with the image[7]. A 

better way to organize the photos would be to 

extract semantic information from the image itself 

and use that information intelligently. 

Suppose there are similar variety of photos. What 

trends should the algorithm capture? 

1. Is the captured image of a natural scene or is 

it an artificially generated image?[8] 

2. Is there textual material in the photograph? 

If there is – can we identify what it is? 

3. What are the different kinds of objects 

present in the photograph? Do they combine 

to define the aesthetics of the image? 

4. Are there people present in the photograph? 

Can we recognize them? 

Are there similar images on the web which can help 

us identify the context of the image? 

 

So the algorithm should ideally capture this 

information without explicitly tagging what is 

present and what is not, and use it to organize and 

segment our photos. Ideally, the final organized app 

could look like this: 

This approach is called “unsupervised way” to solve 
problems. The expected outcome is not directly 

defined. Instead, the algorithm is trained to find 

those outcomes for us! This algorithm summarizes 

the data in an intelligent manner, and then tries to 

solve the problem on the basis of these inferences. 

  

V.CONCLUSION 

Deep learning focuses on various dimensions of given 

data. unsupervised deep learning extracts the 

characteristics of these data and cluster them 

according to similarity of data. If a teacher teaches a 

concept to a student then other  set of students can 

learn from that one student whom taught by a 

teacher which does not require any 

supervisor(Teacher). In photo gallery organization, 

similarity between the images based on their basic 

semantics, images can be clustered. These clusters 

can be used to generate automatic algorithm which 

would be trained to organize photo gallery 

effectively. So, the algorithm is trained with 

semantic data model and not the machine. As a 

conclusion, unsupervised deep learning to solve a 

problem can be efficient with respect to time 

complexity and produce high performance. 
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ABSTRACT 

 

MoC++ Interpreter is a novel project that directly executes source program/instructions written in C++ 

language without translating it into a machine code or object code. MoC++ maps input to output statement by 

statement, where each instruction is thoroughly checked for syntax and semantic errors. MoC++ is an 

efficient interpreter which has a well-developed error diagnostics system. MoC++ interpreter solves 

complicated real – world problems by abstracting constructing the problem mathematically. MoC++ 

interprets a source code that adheres to a particular language specification that is C++, and can interpret 

possibly thousand lines of code. MoC++ doesn’t alter the meaning of the original instruction being interpreted. 
Keywords: Interpreter, C++ Language, Design, Developers, Students 

 

I. INTRODUCTION 

MoC++ interpreter is a novel project that directly executes a source program/instruction written in 

C++ language without translating it into machine code or object code. MoC++ maps input to output 

statement by statement, where each instruction is thoroughly checked for syntax and semantic 

errors. MoC++ is an efficient interpreter which has a well-developed error diagnostics system. 

Figure 1: MoC++ Interpreter 

MoC++ interpreter solves complicated real-world problems by abstracting constructing the problem 

mathematically. The mathematical modeling that MoC++ interpreter follows is:- 

• Analyses a problem statement. 

• Construct mathematical abstraction capturing key characteristics of the problem. 

• Find an appropriate mathematical technique to provide a solution. 

http://ijsrcseit.com/
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MoC++ interprets a source code that adheres to a particular language specification that is C++, and 

can interpret possibly thousand lines of code. MoC++ doesn’t alter the meaning of the original 
instruction being interpreted. 

The rest of the paper is organized as follows: Section 2 discusses about analysis and design, Section 3 

is about the algorithm/pseudo code, Section 4 gives the conclusion. 

 

II. ANALYSIS AND DESIGN 

 

A. OBJECTIVES OF THE PROJECT 

 

The goal of MoC++ interpreter is to translate a source program in a high-level language (C++) to the 

output directly without converting it into machine code. MoC++ Interpreter executes a source 

program statement by statement, outputs the solution in an easy to understand format, and provides 

an environment for efficient debugging of the program. MoC++ parses the source code and performs 

its behaviour directly. MoC++ implements self-modifying code hence it forms a base for artificial 

intelligence and machine learning research. MoC++ acts as an emulator for running computer 

software written for old languages which don’t have a present day compiler to run source programs 

written in them. 

III. ALGORITHM / PSUEDO CODE 

 

A. CONCEPTUAL DESIGN 

 

The conceptual design of MoC++ is a high level view of its software design and architecture.  

Conceptual design of MoC++ details regarding the primary components that make up the project. It 

includes the organization of the project and its interaction and interconnection with other 

components of the Mo C++ system. Conceptual design does not speak about the implementation 

technique of these components but provides a platform for thorough examination and 

understanding of the components. MoC++ consists of front end and back end functions. In the 

initial interpreting stage the front end of MoC++ helps in reading the source code. The primary 

components of MoC++ front end are the Source class, Scanner class, Token class, Parser class. 

The Source class gets the file name from the user using the getfilename() and validates if the 

command and the file name entered by the user is correct. The Scanner class reads the source file or 

source program statement by statement using the get_token() and calls the extract_ token() to 

extract each token are divide the statement into several parts. The Token class returns the current 

token to the Parser class by using the current token of function. 

The Parser class is the master that controls the entire translation process in the front end. It controls 

the entire process by owning the Token class, indirectly owning the Scanner class hence having 

indirect access to the Source class. The Parser class deciphers the token type and evaluates its 

characteristics by using the decipher() function. The result of the decipher() 
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Function determines whether the Parser class has to evaluate a key word using eval_key() function 

or evaluate an expression using the eval_exp() function. The Intermediate tier performs the second 

translation stage where the symbol table and the stack play an important role. This provides an 

interface for smooth, fast and efficient execution of the program at the Back End. The symbol table 

is generated using a SymbolTable class where createtable() function generates the initial template of 

the table. The variables and their values can be stored in the table with the insert() function, and 

their values updated using the update(). 

The search() function is used to search for a variable during expression evaluation. The stack is 

implemented using the Stack class. The stack data structure helps in expression evaluation. The 

Back end is the most important phase of an instruction execution where the interpreter evaluates, 

validates the instruction and outputs the result. The interpreter Back End consists of an executor 

which reads the symbol table and executes the source code. 

 

Figure 2: Conceptual Diagram 

 

B. ALGORITHM 

 

Step 1: Get the file name 

Step 2: Read the file statement by statement till the end of the file.  Step 3: Extract token by token 

from the read   statement 

Step 4: Decipher the token extracted and identify the token type and take the appropriate action.  

Step 5: If the extracted token is a keyword then evaluate the keyword accordingly 

Step 6: If the extracted token is an expression then evaluate the expression using an appropriate 

function call 

Step 7: Repeat the Steps 2 to 6 until the entire file is parsed. 
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C. CLASS DIAGRAM 

Class diagram shows the relationship, interconnection and dependency of one class on another 

class. 

MoC++ has six classes where one class inherits from another class using the Hybrid inheritance 

technique. 

Figure 3: Class Diagram 

IV. CONCLUSION 

The goal of MoC++ is to translate a source program 

in a high-level language to the output directly 

without converting it into machine code. MoC++ 

provides the power of Python programming and Java 

programming in C++, where efficiency, garbage 

value collection, and many other best features of 

these programming languages are incorporated in it. 

MoC++ Interpreter executes a source program 

statement by statement, outputs the solution in an 

easy to understand format, and provides an 

environment for efficient debugging of the program. 

MoC++ parses the source code and performs its 

behaviour directly. MoC++ implements self-

modifying code, hence, it forms a base for artificial 

intelligence and machine learning research. The 

abbreviation of MoC++ is derived from the first two 

letters of the name of the author of this unique 

interpreter: Moni Krithika. The author 

authoritatively works on C++, the generally accepted 

and implemented Computer Language; and hence 

the name MoC++, is most suitable for this interpreter 

program. This interpreter is being developed further 

for its higher accuracy for debugging, superior 

reading capacity and other valuable and user-

friendly features. 
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ABSTRACT 
 

Online shopping has widened the sales of attires. Wide range of fashion outfits are made available to the 

customers at much cheaper rate. Merchandiser has reduction in cost because, it is not essential for him to 

have a showroom or sale staffs.   Even a naïve fashion designer can sell their products through shopping 

websites. Online shopping sites also provide a platform to understand the fashion market. Data mining can be 

used to understand the fashion market by predicting the customer mindset. This paper attempts to create a 

learned model which would predict if the dress designed would be sold or not.     

Keywords : Classification, Fashion Sale Prediction, Online Shopping 

 

I. INTRODUCTION 

 

   Online shopping provides a comfort for the 

customer, they can do shopping from any place at 

any time. It gives an extensive array of products for 

the customers which is not possible to bring under 

one roof. Customer also can cancel and return the 

products whenever their desire. Online shopping 

also grasps the interest of customer by the huge 

discount that they provide.  

  There are also some cons in Online shopping, 

there is no personnel touch in shopping. The 

customers do not see the product before shopping. 

There can be a difference between how the dress 

looks in real and in photo. A prediction of whether 

dress can be bought or not would help the customers 

to make an intelligent decision. 

 Fashion in general is influenced by the Film 

industry, but there are certain unknown factors 

which influences the fashion industry as well. 

Fashion prediction is vital for many reasons, if the 

merchandiser can know what kind of goods will be 

sold, then he can have a strong hold over the market. 

The merchandiser can influence the customers to 

buy their product thus increasing their profit. 

Internet and online shopping play an important role 

in fashion.  

 Online shopping site has huge amount of 

information on the kind of dress people like to buy. 

When data is available in huge amount it is possible 

mine pattern and make prediction using data mining. 

Our age is data age, the presence of huge data makes 

our life easy. From huge amount of weather data, it is 

possible to predict day today weather, medical data 

of patients enable us to predict disease, sales data 

enables us to predict the mood of the customers. 

 Data mining is the extraction of information 

or knowledge from huge volume of data. Data 

mining involves classification, clustering, association 

mining. Classification and Clustering techniques 

create models that predicts the category to which a 

given data belongs to. In classification learning 

happens over labelled data. In clustering learning 

happens over unlabelled data. Association mining is a 
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technique through which the model suggest that a 

collection of data occur together frequently. 

 In this paper we attempt to create a learned 

model using WEKA. This model will be trained 

using a dress dataset downloaded from UCI machine 

learning repository [1]. This dataset was created in 

2014. It contains 501 instances and 13 attributes.   

LITERATURE SURVEY 

   Few research papers have tried to predict 

Fashion using data mining. In [2] the author gathers 

details from social networking site, used natural 

language processing to extract information and 

create a decision support model for fashion 

prediction. There some papers which suggest similar 

predictions based on books movies etc.  

In [3] the data is extracted from fashion trends web 

pages. Features of previous seasons fashion trend and 

its corresponding sales value is used to forecast 

whether new fashion trends features would be hit in 

the market. After feature extraction Artificial neural 

network, fuzzy logic is used to create a working 

model. Coefficient of determination is used to assess 

the quality of model proposed.  

[4] states the difficulty of fashion forecasting. It is a 

challenge because fashion grows in a non linear 

fashion, when season and dress attributes are 

considered. In this paper the author suggests a two-

stage prediction model, a short term and long-term 

prediction with Artificial Neural networks.  

[5] -this paper creates an intelligent system to find 

combination for outfits. Combination for jewelry 

dress etc. This done by deep learning of meta data of 

fashion sites. Customer buying pattern is analyzed 

generally using collaborative filtering, but there is a 

disadvantage of collaborative filtering. Collaborative 

recommendation worls on static data hence does not 

keep up with the change needs of customer. In 

Fashion industry needs change at a rapid rate. 

Therefore, in [6] suggest a Collaborative filtering that 

works on dynamic data. 

In [7] has a prototype for a model, this would 

predict the items in shopping list of customers and 

provide personalized interaction with customer to 

improve his experience. [8] attempts to use text 

mining in extraction of fashion based information 

from renowned fashion blogs this done to keep up 

with dynamic Fashion industry. Korean fashion blog 

is used to do the analyses. 

From literature survey we are able to understand 

that the UCI machine learning dataset are not used 

by the research. The research paper predominantly 

uses text mining to extract information and use 

Neural network to do the prediction. In this research 

paper we attempt to use dress dataset and explore the 

various machine learning algorithms to arrive at a 

consensus.         

DATA MINING DEFINITIONS 

Data mining is extraction of useful information 

from data. Data mining is a four steps process which 

involves: Data collection, Data preprocessing, 

Machine learning, Pattern Evaluation. 

3.1 Data Collection  

Collecting or downloading data suitable to 

problem domain. With the improvement of data 

mining research this stage has predominantly 

become finding a suitable source of data from 

machine learning repository. 

3.2 Data Preprocessing 

Data cannot be fed as such to machine learning 

algorithm. Data has to transformed or reduced based 

on requirement.   

Data is usually noisy, contain unnecessary 

information which might result in less accuracy. 

Data preprocessing is cleaning of data before 

machine learning. [9] suggests the use of data pre-

processing to improve machine learning. 

Classification and clustering accuracy is 

predominantly dependent on the proper 

representation of data. 
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3.3 Machine Learning 

Machine learning literally means, make the 

machine learn, machine learns by processing the data 

with various machine learning algorithm [9]. There 

is no fixed algorithm to provide high accuracy this is 

called No Free lunch theorem [10], however deep 

learning provides a better accuracy in most cases. 

For any application it is important to apply few 

machine learning algorithms to find out the best 

suited model. Machine learning algorithms can be 

grouped under Bayes, Rule Based, Neural network 

and Decision tree. 

 

3.3.1 Naïve Bayes: Naïve Bayes theorem is the best 

machine learning algorithm to use when the features 

are independent of one another [12]. Each instance is 

considered as a vector. The posterior probability of a 

class given a predictor is found with 

P(h|d) = (P(d|h) * P(h)) / P(d) 

P(d|h) - the posterior probability of class given a 

predictor 

P(h)    - Prior probability of a class 

P(d)    - Prior probability of a predictor 

 

3.3.2 Decision Tree: Decision tree is arrived at by 

finding the optimum way to arrange the various 

nodes. There are two ways to identify the best 

partition of dataset at node, information gain or gain 

ratio. The decision tree model which uses 

information gain is ID3 and gain ratio is J48 [13] 

 

3.3.3 Multilayer Perceptron: Multilayer perceptron 

contains large number of nodes called as neurons, 

joined together so that they for input layer hidden 

layer and output layer. The instances are supplied 

though the input layer, bias and weight are added at 

the hidden layer and supplies the class in output 

layer [14]. 

3.4 Pattern Evaluation 

After machine learning more than model will 

result. Evaluation of which model is a better model, 

is performed. 

EXPERIMENTATION AND RESULTS 

4.1. Dataset 

Dress dataset was downloaded from UCI repository. 

The dataset contained 501 instance and 27 attributes. 

The attribute of dresses were: style, price, rating, size, 

season, neckline, sleeve length, waist line, material, 

fabric type, decoration, pattern type and 

recommendation. Each instance is information of a 

type of dress and whether customer buy the dress. 

 

Following model used to identify weak students and 

propose improvement strategy for them (see Fig.1): 

1. Association mining to find strong association 

rules 

2. Feature Selection 

3. Resampling 

4. Classification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Block diagram of proposed model  

4.2. Data preprocessing 

All the attributes of dataset are nominal except 

ratings, the rating can also be converted to nominal 

dataset using Discretization process. Equal width 

binning is used, the ratings are mapped among five 

bins. The rating takes a value from 0 to 5, therefore 5 

bins are used. 
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4.3. Feature Extraction 

Dataset under consideration is a nominal dataset. 

Association mining is used to find the relation among 

various attributes. When association mining was 

applied, it observed no rules were mined. Association 

rules which were extracted had a confidence of 80% 

or less.  

Information Gain Attribute Evaluation was done 

along with Ranker, even this resulted in equal 

weightage for all the attributes. So, all the attributes 

of dress dataset were considered important though 

the algorithms. 

Through Domain based analysis it was found that 

size of the garment does not contribute to fashion 

trend, so the attribute was removed. 

    

4.4. Resampling 

The dataset has equal proportion of sales and no 

sales data. It is not necessary to implement 

resampling to solve Class Imbalance. But improve the 

classification model resampling is applied. Genetic 

algorithm based SMOTE (Synthetic minority 

Oversampling technique) is used. SMOTE algorithm 

achieves resampling by creating samples which are 

altered version of minority class instances. Further 

the algorithm we have applied is Genetic algorithm. 

Here a crossover and mutation of original sample is 

done, so the resamples are not exact match of 

original samples. A main disadvantage of sampling is 

overfitting. Since samples are duplicate of already 

existing instance, the classification model tends to be 

overfitted. This is avoided in our paper using 

GASMOTE. 

4.5. Classification 

Dress prediction dataset is used to classify the 

dataset into whether the dress would be sold or not.  

This learned system would be able predict the sales 

of a dress given a set of dress features. The model is 

created with an interest that, if a fashion designer or 

a merchandiser provides the idea of a dress then it 

can predict if the dress is of interest to customers.  

Many classification algorithms are available to do 

supervised learning. According to No Free Lunch 

theorem [15], it is not possible assure that one 

algorithm is better than another. So, we are 

analyzing the dataset through various classification 

algorithms like, Multi-layer perceptron, Random 

forest, Random tree, J48, Naïve Bayes, BayesNet and 

SMO.  

 Preprocessed and sampled dataset was run 

through the classification algorithm using 10 folds 

cross validation. The order in which the data are 

supplied to the algorithm can bias the output and 

alter the end results. To avoid this, 10 folds cross 

validation is used. In k fold cross validation, dataset is 

divided into k folds and each fold is used for testing 

at some part of the learning. 

 

Table I. Accuracy metrics for various classifiers 

 

Classifiers Accuracy 

Multilayer perceptron 83.6% 

Random Forest 83% 

Random tree 80% 

SMO 69.2% 

J48 63.4% 

Simple KMeans 70% 

Naïve Bayes 65.8 

Bayes Net 68% 

 

When we look at the accuracy Multilayer perceptron 

and Random forest is better model to classify fashion 

data.  

CONCLUSION AND FUTURE WORK 

 The accuracy of various classification algorithm is 

analyzed, and a working prediction model is created. 

This research can be expanded in future. Through 

this research we can predict sales. Using cognitive 

data mining, it possible to identify if the features of 

the dress which when altered can increase the sales 

of a dress or influence a person to buy the dress. 
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ABSTRACT 
 

A structure refers to a body or system of connected parts used to support a load. Important examples related 

to Civil Engineering include buildings, bridges, and towers; and in other branches of engineering, ship and 

aircraft frames, tanks, pressure vessels, mechanical systems, and electrical supporting structures are important. 

To design a structure, an engineer must account for its safety, aesthetics, and serviceability, while considering 

economic and environmental constraints. 

Once the dimensional requirement for a structure have been defined, it becomes necessary to determine loads 

the structure must support. Structural design therefore begins with specifying loads that on the structure. 

This current paper work is the analysis on typical T- structural frame s  ed to a load of 5kN at one end and 

other two ends are fixed. The load applied is at any angle etween -90° to +90°. Analysis is been carried out 

using MATLAB and the obtained results sh  the variation of force with respect to applied load angle, which 

helps the designer to design the frame to support the maximum force transmitted to them. 

Keywords: Structure, Structural frame, MATLAB 

 

I. INTRODUCTION 

 

To perform an accurate analysis a structural engineer 

must determine information such as structural loads, 

geometry, support conditions, and material 

properties. The results of such an analysis typically 

include support reactions, stresses and displacements. 

This information is then compared to criteria that 

indicate the conditions of failure. Advanced 

structural analysis may examine dynamic response, 

stability and non-linear behavior. There are three 

approaches to the analysis: the mechanics of 

materials approach (also known as strength of 

materials), the elasticity theory approach (which is 

actually a special case of the more general field of 

continuum mechanics), and the finite element 

approach. The first two make use of analytical 

formulations which apply mostly simple linear 

elastic models, leading to closed-form solutions, and 

can often be solved by hand. The finite element 

approach is actually a numerical method for solving 

differential equations generated by theories of 

mechanics such as elasticity theory and strength of 

materials. However, the finite-element method 

depends heavily on the processing power of 

computers and is more applicable to structures of 

arbitrary size and complexity. 

  

Each method has noteworthy limitations. The 

method of mechanics of materials is limited to very 

simple structural elements under relatively simple 

loading conditions. The structural elements and 

loading conditions allowed, however, are sufficient 

to solve many useful engineering problems. The 

theory of elasticity allows the solution of structural 

elements of general geometry under general loading 

conditions, in principle. Analytical solution, 

however, is limited to relatively simple cases. The 
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solution of elasticity problems also requires the 

solution of a system of partial differential equations, 

which is considerably more mathematically 

demanding than the solution of mechanics of 

materials problems, which require at most the 

solution of an ordinary differential equation. The 

finite element method is perhaps the most restrictive 

and most useful at the same time. This method itself 

relies upon other structural theories (such as the 

other two discussed here) for equations to solve. It 

does, however, make it generally possible to solve 

these equations, even with highly complex geometry 

and loading conditions, with the restriction that 

there is always some numerical error. Effective and 

reliable use of this method requires a solid 

understanding of its limitations. 

MATLAB is powerful computing software which is 

presently utilized in a number of educational 

institutions around the country to solve mathematics 

and engineering-related problems. The name of the 

software MATLAB stands for “Matrix Laboratory” 
since the built-in capabilities of this package are 

specifically designed for efficient handling of matrix 

and array operations. The effective and easy to-use 

computing environment of MATLAB along with 

availability of a large number of helpful MATLAB 

built-in functions has rendered it the popular tool of 

choice for many educators in various engineering 

fields. Using the MATLAB interactive environment, 

programs placed in script files can easily be created 

and edited to perform the desired computations and 

to generate the needed output. The capabilities of 

MATLAB can further be enhanced by additional 

“toolbox” modules that can separately be purchased 
through The Math Works, Inc., the company that 

produces the MATLAB software. These modules are 

designed to perform a variety of specialized tasks. 

The solutions presented in this paper are obtained 

using the basic features of MATLAB without 

utilizing any specialized MATLAB toolboxes. 

In the submitted paper the procedure for solving 

structural analysis problems using MATLAB software 

is discussed. The goal of this paper is not to replace 

or alter the traditional techniques and procedures 

used in the subject, but as a means to complement 

and to make it more meaningful. The procedure is 

described in the paper through formulating and 

discussing the MATLAB solutions for simple 

structural frame problem applied to varying load. 

 

II. OBLEM STATEMENT 

 

The dimension of the frame in which ctural 

members support the 5kN load is as shown in Fig.1. 

The load is applied at any angle etween -90° to +90°. 

 

 
Fig. 1 T- sha structural frame 

 

The pins at M and O need to be designed to support 

maximum force transmitted to them. Writing a 

MATL program to plot the forces at M and O as a 

function of d find their maximum values and 

corresponding angles 

 

III. Analytical formulation 

 

Free-body diagram of MOP of Fig. 1 is shown in Fig. 

2. Note that member ON is a two-force member, 

thus the direction of the force O is from O to N. The 

equilibrium equations are, 
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IV. MATLAB Solution 

  

>> al= -pi/2:0.01:pi/2; O=12.5*cos(al); Mx=0.6*O-

5*sin(al); My=5*cos(al)-0.8*O; M=sqrt(Mx.^2+My.^2); 

[Mmax,K]=max(M); 

plot(al,O,al,M) 

legend('M','O') 

xlabel('Teta (rad)') 

ylabel('Force (kN)') 

fprintf('Maximum value of M=%f and corresponding 

angle =%f\n',Mmax,al(K)*180/pi); 

 

 

MATLAB Result: 

 

The result is as shown in Fig. 3. The Maximum value 

of M=9.999962 and corresponding angle 

=-26.401685 

 
Fig. 3 Output Force(kN) vs. Teta(rad) 

 

V. CONCLUSION 

 

The work is analysis on typical T- structural frame 

subject to a load of 6kN at one end and other two 

ends are fixed. The load applied is at any angle 

etween -90° to +90°. Analysis is been carried out 

using MATLAB and the obtained result ows the 

variation of force with respect to applied load angle. 

The following conclusions can be drawn from the 

analysis are: 

  

1. MATLAB is a powerful tool in the analysis of 

simple to complex problems and most effective 

in the analysis in structures subjected to varying 

loads and angles. 

2. The result shows that The Maximum value of 

M=9.999962 and corresponding angle =- 

26.401685. This or These results help the 

designer to design the frame to support the 

maximum force transmitted to them. 

 

The work is no more exhaustive, structure can be 

analyzed for varying loads brought and highlighted 

in future scope of paper work. 
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ABSTRACT 
 

This work deals with the Design and Manufacture of Injection Moulding Tool for the Component Press 

Button in HIPS material by the Screw type Injection Moulding process. The design and fabrication of a mould 

for the given component is most challenging task in plastic processing in injection molding. It determines the 

quality, performance and the profitability of a plastic component. The 3D model of the component is created 

using solid works software. The various views of different parts involved in mold are taken using this 

software. These views are converted to 2D drawings for easy dimensioning. Design Protocol is on 

conventional method, based on tried and tested norms Choice of the most appropriate option for the selection 

of parting line, feeding system, cooling system, venting, etc. are based on the manufacturing point of view. 

The above parameters help in development of various parts in mold that are functional, reliable, 

manufacturability and aesthetically pleasing. Manufacturing involves design of electrodes, process planning, 

machining and assembly. Complete process planning for each part of the tool is not carried for the sake of 

brevity. After fabrication of the tool, samples of the component were produced. These samples were inspected 

to find defects, if any. 

Keywords : HIPS, 2D drawings 

 
I. INTRODUCTION 

 

Injection molding is a plastic-forming process used in 

the production of most (about 70%) of plastic parts. 

Injection molding is generally used in the high-speed 

manufacture of low-cost, high- volume products like 

videocassette cases, plastic cups, or children's toys, 

etc. The mold defines the shape of the part, as well as 

the path by which the molten plastic flows from the 

barrel of the Injection Molding Machine. 

 

The process of injection molding begins with a barrel 

full of hot, liquid plastic. The plastic is rammed at 

high pressure into a mold. Once the plastic fills the 

mold, it is allowed to cool and solidify. The finished 

part is then extracted (usually automatically) from 

the mold. No chemical reaction occurs during the 

molding process. Any reaction that occurs would be 

a degradation reaction, which should be avoided. 

 

Complex shape of different thermoplastic materials 

can be formed economically under high production 

rates. Component obtained by this process will 

posses high surface finish, low cost and minimum 

scrap as runners, gates and sprues can be reused. 

 

Most of the tools fabricated involve standardized 

mold bases, for ease the construction and reduce the 

manufacturing cost. Only the inserts that give the 

internal and external shape of the component has to 

be fitted into the mold base. More care has to be 

taken while designing and manufacturing the inserts 

to obtain the required shape and size of the 

component. Overall tool design should lead to less 

cost, high productivity and ease of manufacturing. 

http://ijsrcseit.com/
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 Press Button is used in adjustment of seat belt in cars. 

It involves internal projection, which helps to hold 

seat belt for adjustment. It should posses good surface 

finish and meet the requirement so as to reduce post-

processing operation. Since the material chosen for 

this component is High Impact Polystyrene (HIPS), 

Injection molding machine is used for production. 

 

II. SCOPE OF PROJECT 

 

Various approaches have been adopted while 

designing the tool for producing defect free 

components. 

 

• Study of various features involved in the 

component for selection of parting line, gate 

location, vent locations, cooling circuits, etc. 

• Choice of various tooling materials and molding 

machine to produce large volumes of plastic 

component. 

• Basic calculations for determining cavity wall 

strength, shot weight, clamping force, cooling 

and cycle time, etc. are carried. 

• 3D modeling of the tool has been done for 

physical representation before manufacturing. 

• Trail and trouble shootings to obtain sound 

components. 

 

III. OBJECTIVES 

 

The main objective is to develop a protocol of the 

tool for the given component using scientific 

approaches. The study is made to design the mold as 

simple as possible from the cost and manufacturing 

point of view, simultaneously maintaining the 

quality of the component within the specified limits. 

 

IV. METHODOLOGY 

 

The basic concept involved in this method is to 

attain the objective of the systematic and correct tool 

design; a well-planned approach has been employed. 

The methodology consists of the following. 

• Component analysis. 

• Solid modeling of the component. 

•  Step by step approach to mould design. 

• Selection of tooling materials. 

• Solid modeling of the tool. 

• Tool fabrication, assembly and tryout 

• Injection molding defects 

 

TOOL DESIGN 

In this section step by step approach to the design of 

Injection Molding Tool is set based on experience, 

empiricism and expertise as applied to “Press Button” 
and various design calculation are given here 

 

COMPONENT DETAILS 

Material : HIPS – (High Impact Polystyrene) 

Density : 1.05 gm/cm3 

Volume : 4.86 cm3 Mass : 5.00 gms 

 

COMPONENT DESCRIPTION 

  

Press button component is used in cars for seat 

adjustments. The Plastic material used for the press 

button component is HIPS as per the customer 

requirement. It involves internal projection, which 

helps to hold seat firmly while driving the vehicles. 

It should posses good surface finish and meet the 

requirement so as to reduce post- processing 

operation. The Component drawing is received from 

the customer end. The component has a varying wall 

thickness with a minimum wall thickness of 1.75mm 

& maximum wall thickness of 6.36mm. The outer 

dimensions of the component are 32x55mm & have a 

total depth of 12.75mm. 

 

The inner surface is the functional surface; therefore 

there should not be any ejection marks. Isometric 

view of exterior of the component is shown in Fig. 
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SELECTION OF PARTING PLANE 

 

The selection of parting plane entirely depends on 

the shape and geometry of the component. After 

careful study of the component drawing, a stepped 

parting plane is chosen. This permits easier ejection 

of the casting. The criteria for selection of parting 

plane are detailed are shown in fig 

  
 

Weight of the component = 5.0gms 

Where, W = Weight of the component (gms). 

Volume of the component (cm3). 

b) Moulding weight = Weight of the component X 

Multiplication Factor = 5.0 X 1.05 = 5.25gms 

The weight of sprue & runner related to the 

moulding generally must not be neglected. This 

should be considered in the formula when 

determining the moulding weight. The moulding 

weight should be substituted in the formula & 

multiplied with the multiplication factor.  

 

 

DETERMINATION OF CLAMPING FORCE 

 

Cf = (AP + AR) n X (1/2 to 1/3 of IP) Where, Cf = 

Clamping force in tonnes. 

AP = Projected area of moulding = 57.73X25.50 = 

1472.0mm2 

= 14.72 cm2 

AR = runner area = 15% of projected area of the 

component 

= 0.15 X 14.72 = 2.208 cm2 

n = number of cavities = 2 

IP = Injection Pressure in N/cm2 Injection Pressure 

of HIPS = 71 - 

 

Substituting these values in the above equation 

Cf = (14.72 +2.208) 2 X (89.18) Cf = 3019.53 N/cm2 

Cf = 3019.53X9.81 = 29621.60 kgs 

 

 

DETERMINATION OF NUMBER OF CAVITIES 

 

While deciding the number of cavities, approximate 

dimensions of the component is taken into account; 

here approximate dimensions of “Press Component” 
are 32x55mm. And also shot weight, clamping force, 

injection pressure and number of components to be 

produced from the tool, here 100K number to be 

produced. Horizontal Injection Moulding Machine 

SP-30T was to be employed for production in the 

plant. 

 

WEIGHT OF THE COMPONENT 

 

W = 1.05 X 4.86 

  

SHOT CAPACITY 

 

Shot capacity of the SP30 machine (screw type) = 44 

gms from the machine specification manual. 

Actual shot capacity required 

Actual shot capacity = {W + (WAR & WAG)} n 

Where, 

W = weight of the component (gms) = 5.25gms 
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WAR & WAG = Weight of runner & gate area 

respectively 

= 15% of component weight = 0.15 X 5.25 

 

Substituting these values in the equation 

Actual shot capacity = {5.25 + (0.8)} X 2 = 12.10 gms 

As the actual shot capacity is less compared to shot 

capacity of the machine. Hence SP30T, which is 

available, can be used. 

 

PLASTICISING CAPACITY 

  

 

Where, PR = Plasticising rate (gm/sec) PR of 

Polystyrene = 4.7 gm/sec 

QA = total heat content or thermal capacity of 

Polystyrene 

= 57 cal/gm. 

QB = total heat content or thermal capacity of HIPS 

= 58 cal/gm. Substituting these values in the equation 

PR of HIPS = 4.7 X 57/58 

= 4.61 gm/sec 

= 16.59 kg/hr 

 

The clamping force, shot capacity & Plasticising rate 

required for the component is well with in the range 

of SP30T. Therefore SP30T is selected to process the 

moulding operation. 

 

DESIGN OF CAVITY & CORE INSERT 

The minimum wall thickness of Cavity insert is 

calculated based on the empirical formula given 

below: 

ti = 3 12.P .L4.a 

384. E.b.δ 

 

Where, ti = Minimum wall thickness of the insert 

(mm) P = Maximum Cavity Pressure (N/cm²), 

Usually cavity pressure should not operate at above 

85% of injection pressure. 

 

Injection pressure for HIPS material = 71 – 215 

kg/cm² Therefore, Maximum Cavity Pressure P = 

85% X 215 

 

= 181.94 N/cm² 

L = Maximum length of component = 57.73mm = 

5.773 cm 

5.80 cm 

a = Maximum cavity depth of component = 8.40 mm 

= 0.84 cm E = Modulus of elasticity of steel = 2.1 X 

106 kg/cm² 

= 2140.67X10³ N/cm² 

b = Cavity plate thickness = 36mm = 3.6cm 

δ = Maximum deflection of side wall = 0.0025 – 0.005 

cm Substituting the above values in the equation 

ti = 3 12 X 181.94 X (5.80)4 X 0.84 

384 X 2140.67 X 103 X 3.6 X 2.5 X 10-3 

ti = 0.654 cm ~ 6.54mm 

 

Select the minimum wall thickness of the inserts = 

20mm Therefore, by considering the wall thickness 

& component size, the size of the cavity insert: 

66mm X 46mm X 30mm. 

Core insert 

 

The length & width of the core insert is taken 66mm 

X 46mm in order to accommodate the finger cam 

side core for easy ejection, cooling circuit & fasteners. 

The core inserts thickness taken as 36mm. 

  

DESIGN OF FEED SYSTEM 

RUNNER DESIGN 

 

Runner Type: In this design, half round runner is 

employed to feed the component, because of its ease 

of manufacturability i.e., Inexpensive, less scrap 

compared to all other cross-sections. 

The runner diameter is calculated by the following 

formulae: 

 

dr  

Where, dr = diameter of the runner (mm) 

 

W = weight of the component with losses = 5.25 gms 

Lr = length of the runner = 90.0 mm 

Substituting these value in the above formulae (4.7) 
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= 2.0 mm 

The half round diameter of th

 

Since by considering the Material wastage, Pressure 

drop & Cooling time. The half round diameter „D‟ of 
the runner is taken as 5mm. 

GATE DESIGN 

In this design, the Rectangular Edge gate is employed 

to feed the component. 

Since this type of gate is used for two impression 

rectangular shaped moulding, on two plate moulds 

and offers easy de-gating & material savings. 

i. Gate width: The gate width is calculated by the 

following formulae  

 

30 

 

Where, WG = width of the gate (mm). nm = material 

constant = 0.6 for HIPS 

Ac = Total surface area of the component = 3853.57 

 

30 

= 1.24 mm ~ 1.00 mm 

ii. Gate depth: the gate depth is calculated by the 

following relation: 

h = 0.7nmt Where, h = gate depth (mm) nm = 

material constant = 0.6 for HIPS 

t = average wall thickness of the component = 

1.75mm h = 0.7 X 0.6 X 1.75= 0.735 mm ~ 1.00 mm 

The depth of the gate controls the time for which the 

gate remains open. This gate open time must be 

sufficient for the material to reach the extremities of 

the impression. Therefore gate depth is taken as 

1mm considering de-gating problem, pressure loss. 

  

Therefore gate depth „h‟ = 1mm 

The land length of the gate should be 1 to 2mm, & 

taken as 2.00 mm DESIGN OF FINGER CAM PIN 

Finger cam pin 

 

Split movement required to clear the component 

„Ms‟= 5.0mm Finger cam diameter „Ø‟ varies from 15 
– 25mm. (Taking the average i.e., 20mm as finger 

cam pin diameter). 

 

Clearance „C‟ = 0.5mm/side. 
Effective length „Le‟ of finger cam can be determined 
by using the empirical formulae: 

Le = Ms + 2C Sin Ø Sin2 Ø 

Le = 20 + 2(0.5) 

  

 

Effective length of the finger cam pin = 16.00mm 

Where, Le = effective length of the finger cam pin. 

 

DESIGN OF GUIDE PILLAR AND GUIDE BUSH 

 

The size of the guide pillar is of great importance in 

the mould. The working diameter of the pillar & the 

number of guide pillars will depend on the size of 

the mould & whether or not a side force is likely to 

be exerted on it. So the guide pillars should 

withstand side forces to be exerted on it. The moulds 

with deep & heavy cross- sectional cores exert side 

thrust & the guide pillars should be strong enough to 

absorb them without damage. 

Guide Pillar 

Side thrust Q = ac x hc x Pc 

Where, ac = Maximum side of core = 20 mm = 2.0cm 

hc = Height of core = 8.5 mm 0.85 cm 

Pc = Cavity pressure = 30.58N/cm² 

Q = 51.986N 

 

Where, Q = side thrust (Kgs) 

 

NP = Number of pillars = 4 

fs = Shear stress = 163.09N/cm² Dp = > 3.18 mm 

The size of the mould of the present project is215 X 

230 mm, therefore working diameter of the pillar is 

chosen as 15mm for safe design and to have 

sufficient strength to withstand side thrust. 

Stem diameter of guide pillar = working diameter + 

wall thickness (say 4 mm) 
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= 15 + 4 X 2 = 23 mm ~ 25 mm 

  

Collar diameter= Stem diameter of guide pillar + 

minimum thickness (say 2 mm) = 25 + 2 X 2 = 29 mm 

~ 32 mm 

Total length of guide pillar = cavity housing 

thickness + 15mm (guiding length in top plate) + 

Core housing thickness 

= 26 + 15 + 46 + 15 = 102 mm ~ 116 mm 

Table for the range of sizes of pillar 
Size of the mould (mm x 

mm) 

Working diameter of the pillar (mm) 

100 X 100 10 

100 X 150 13 

150 X 200 16 

200 X 250 19 

250 X 300 22 

300 X 400 24 

400 X 600 32 

600 X 700 36 

 

Guide Bush 

ID of guide bush = Working diameter of guide pillar 

= 15 mm 

OD of guide bush = ID of guide bush + wall thickness 

= 15 + 2(4) = 23 mm~ 20 mm 

Collar diameter= OD of guide bush + minimum 

thickness (say 2 mm) 

= 25 + 2 X 2 = 29 mm~ 25 mm 

Length of guide bush = Cavity housing thickness + 

Top Plate 

= 26 + 27 = 53 mm ~ 50 mm Tolerance grade: 

Mould plate bore & fitting diameter of the pillar: H7/ 

k6 Guide bush bore & working diameter of the pillar: 

H7/g6 DESIGN OF EJECTION SYSTEM 

For this component, Pin ejection is chosen for 

ejecting the component out. 

Determination of Ejection Force 

Ejection force required to eject the component is 

determined by using the formula 

-  

Where, PE = Ejection force required in Kgf 

t = Average thickness of component = 0.175 cm 

Ep = Elastic modulus of plastic material = 22 X 103 

Kg/cm2 

A = Total area of contact between moulding and 

mould faces in line of draw = 38.54 cm2 

 = Poisson‟s ratio of the plastic = 0.4 to 0.5 

= Coefficient of friction between plastic and steel = 

0.5 

d = Circumference of moulding surrounding male 

core = 136.21 cm S= Thermal contraction of plastic 

across diameter„d‟ 
= Co-efficient of thermal expansion X temperature 

difference between softening Point & ejection 

temperature ºC X d (cm) 

= 6.5 X 10-5 X (195 – 20) X 136.21 = 1.549 ~ 2.0 

Ejection force required PE = 3.73 kgf ~ 0.0038 tonnes 

The ejection force required to eject the component is 

within in the capacity of SP-30T machine. Therefore 

design is safe. 

 

DESIGN OF COOLING SYSTEM 

 

In this design work, cooling of cavity insert & core 

insert are provided. Since the core and cavity inserts 

are designed in rectangular shape, rectangular 

cooling circuit is adopted with inlet & outlet. It is the 

most efficient cooling for this design because as the 

cooling channel covers the maximum surface area of 

the component. All drillings within the insert should 

be interconnected and plugged. The rectangular 

circuit ensures that the flow-ways are close to all 

four walls of the cavity, allowing a more even 

temperature control & highest heat transfer co-

efficient will occur when the cooling channels are 

directly in the cavity or core insert. 

 

a) 1) Heat to be transferred from mold per hour (Qw) 

Qw = Shot weight X QB X number of shots/hr 

Where, Shot weight = 5.25gms 

QB= total heat content or thermal capacity of HIPS = 

58 cal/gm Number of shots/hour = 180(Assume 15 to 

20 sec per shot practically possible) 

 

2) Heat to be transferred per hour by the cooling 

system (Qc) In practice, it is assumed that only one-

half of the total heat of the moulding is dissipated 

into mould, which should be taken away by the 
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Cooling system. The other half of the heat is 

removed by Conventional modes of heat transfer 

such as Convection & radiation. Heat to be removed 

by cooling system = 0.5 Qw 

 

= 0.5 X 54810, Qc = 27405 cal/hr 

 

3) Amount of water to be circulated per hour to 

dissipate heat (mw) 

mw = Qc / {K (Tout - Tin)} Where, 

 

Qc = heat to be removed by cooling system (water) = 

27405 cal/hr K = Constant to allow for heat transfer 

efficiency = 0.64 for direct cooling 

Tout = Out

- 

5 C of injection mold will have a significance 

deviation from the above said values. However, these 

values can be used as a basis to which the other 

deviations in the practical designs can be added. 

4) Solidifying time (Ts): 

The solidifying time is proportional to the square of 

the wall thickness. 

 QB)  t2 / {p (Tmaterial - Tmold)  8} Where, 

Ts = Solidifying time (sec) 

1.05gm/cc 

QB = total heat content or thermal capacity of the 

plastic material = 125 cal/gm. 

t = average wall thickness of the component = 0.175 

cm 

p = Thermal conductivity of plastic material = 7 X 

10-  

Tmaterial= Injection temperature of material = 

 

Substituting these values in the above equation (4.18) 

Ts= (1.05 125)  0.1752 / {7  10-4 (270 – 80)  8} 

Ts = 3.77 sec ~ 4 sec 

 

V. CONCLUSION 

 

Design procedures developed in this work for the 

production of tool for the component Press Button to 

be produced through injection molding processes 

using HIPS material has been successfully validated 

by conducting tryout operation. 

A number of new techniques have been studied. The 

expertise, experience and empiricisms are followed 

to greater extent that scientific analysis, logic and 

hierarchy of decision making developed for this 

specific task. A tool built which works on initial trial 

appear to be satisfactory. 

 

The project undertaken has been successfully 

accomplished by carrying out a design exercise, 

choosing a steel alloy for the mould with good 

balance of strength & manufacturability. Engineering 

the gating to promote soundness. Satisfying technical, 

economic and delivery schedule requirements. The 

design of the Injection mould has been approved. 

The tool is manufactured. 
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ABSTRACT 
 

Injection mold Pro-E part advisor which is 3D solids- based plastics flow simulation tool used to predict and 

eliminate potential manufacturing problems during the design stage itself. Mold flow addresses the broadest 

range of manufacturing issues and design geometry types associated with injection molding process. 
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I. INTRODUCTION 

 

One of the greatest advantages of the plastics 

injection molding process is that parts of extremely 

complex geometry can be produced “net shaped” that 
is, once a part is molded, cooled and ejected from a 

mold, it is in the form required for the next step of 

manufacturing process. Net-shaped parts can be 

produced in high volumes, in a relatively short 

amount of time, and at a relatively low cost. 

However, the many potential problems associated 

with manufacturing such complex shapes can result 

in increased time to make and have a negative impact 

on profitability. 

 

To avoid the high costs and time delays associated 

with problems discovered in the manufacturing 

environment, it is necessary to consider the 

combined effects of part geometry, material selection, 

mold design, and processing conditions on the 

manufacturability of a part. 

 

This paper describes features of Injection mold Pro-E 

part advisor which is 3D solids-based plastics flow 

simulation tool used to predict and eliminate 

potential manufacturing problems during the design 

stage itself. Mold flow addresses the broadest range 

of manufacturing issues and design geometry types 

associated with injection molding process. 

 

II. OBJECTIVES 

 

• Analyze 3D CAD solid models directly, without 

having to manually create an analysis mesh. 

• Evaluate the manufacturing feasibility of every 

part design by iteration. 

• Identify the most suitable plastics material. 

• Optimize the part wall thickness to achieve 

uniform filling, minimum cycle time and lowest 

part cost. 

• Identify and eliminate defects such as sink marks, 

weld lines and air traps. 

• Obtain practical, results-specific advice on 

improving the part design. 

• Visualize the orientation of the plastic to aid in 

maximizing part strength, especially in the 

vicinity of weld lines 

• Determine the best gate locations for a given part 

design 

• Estimate the impact of changes to the part design 

or material selection on the overall part cost. 

http://ijsrcseit.com/
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• Communicate key design analysis aspects to the 

mold designer through automated, Web-based, 

HTML project reports. 

 

III. MOLDING PARAMETERS USED FOR 

ANALYSIS 

 

The model was analyzed using theoretical 

parameters Molding temperature: 40°C 

Melt temperature: 270°C 

Maximum Injection Pressure: 100 MP 

RESULTS 

The results of various predictions of Mold flow Part 

Advisor are discussed below. 

 

CONFIDENCE OF FILL 

The confidence of fill result displays the probability 

of a region within the cavity filling with plastic. The 

confidence of fill result is calculated from the 

pressure drop and temperature results. Whenever we 

have a part which has yellow or red sections in the 

confidence of fill result, we should look carefully at 

the pressure and temperature results to determine 

where the problem is. The interaction between 

pressure and temperature is as shown in the plot 

below. 

 
Fig 1. Temperature and Pressure plot 

The temperatures on the plot are defined using the 

no-flow temperature for the polymer T1 and the 

temperature at the injection point T4 the other two 

temperatures are derived from the difference 

between T1 and T4. This difference is divided into 

five equal parts as shown on the plot. This means 

that T2 is 20% higher than T1 and T3 20% higher 

again, both relative to T4. 

 

Therefore, high confidence of fill occurs when the 

pressure is less than 80% and the temperature is 

between T3 and the injection temperature T4. 

  

Fig 2. Results obtained for Confidence of fill analysis 

 
Fig 3.Colors displayed in the confidence of fill result 

are interpreted in the following manner: 

 

A- Will definitely fill. 

B- May be difficult to fill or may have quality 

problems. C- Will be difficult to fill or will have 

quality problems. D- Will not fill. 

 

PRESSURE DROP 

The pressure drop result uses a range of colors to 

indicate the region of highest pressure drop (colored 

red) through to the region of lowest pressure drop 

(colored blue). The color at each place on the model 

represents the drop in pressure from the injection 

location to that place on the model, at the moment 
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that place was filled. That is, the pressure required to 

force material to flow to that point. 

 
Fig 4. Results obtained for pressure analysis 

The pressure drop is one factor used to determine the 

confidence of fill result. If the pressure drop is 

greater than 80% of the current value set for 

Maximum Injection Pressure Limit, in the Molding 

Parameters dialog, then this causes a yellow 

confidence of fill. When the pressure drop reaches 

100% of the current Pressure Limit setting, the 

confidence of fill for this area is red. it is clear that 

the pressure drop is less than 80% so confidence of 

fill is 100%. 

 

FILL TIME 

This result shows the flow path of the plastic 

through the part by plotting contours which join 

regions filling at the same time. These contours are 

displayed in a range of colors from red, to indicate 

the first region to fill, through to blue to indicate the 

last region to fill. A short shot is a part of the model 

that did not fill, and will be displayed as translucent. 

By plotting these contours in time sequence, the 

impression is given of plastic actually flowing into 

the mold. For this particular component under 

consideration the fill time was found to be 2.99 sec. 

 
Fig 5. Time taken to fill the mold 

 

IV. FILL TIME INJECTION PRESSURE 

The injection pressure result uses a range of colors to 

indicate the region of lowest pressure (colored blue) 

through to the region of highest pressure (colored 

red). 

The injection pressure can be used in conjunction 

with the pressure drop result. For example, even if a 

section of a part has an acceptable pressure drop, the 

actual injection pressure in the same area may be too 

high. High injection pressure can cause over packing. 

 
Fig 6. Plot Injection Pressure distribution with 

injection points 

 

FLOW FRONT TEMPERATURE 

The flow front temperature result uses a range of 

colors to indicate the region of lowest temperature 

(colored blue) through to the region of highest 

temperature (colored red). If the flow front 

temperature is too low in a thin area of the part, 

hesitation or short shot may occur. If it is too low in 

an area where weld lines are present, the weld lines 

may appear worse. 
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In areas where the flow front temperature is too high, 

material degradation and surface defects may occur. 

We have to make sure that the flow front 

temperature is always within the recommended 

temperature range for the polymer we are using. The 

flow front temperature is one factor used to 

determine the confidence of fill result. Low melt 

temperatures will cause yellow or red confidence of 

fill results. 

  

 
Fig 7. Plot of flow front temperature with double 

injection point 

 

WELD LINE 

Weld line forms, when the thin frozen layers at the 

front of each flow path meet, melt, and then freeze 

again with the rest of the plastic. The orientation of 

the plastic at the weld is therefore perpendicular to 

the flow path. The weld line occurs where two flow 

fronts meet, and the polymer molecules are 

misaligned. It is the sharp difference in molecular 

orientation at the weld which causes the significant 

decrease in strength at this point. 

 

Weld lines on a plastic part can cause structural 

problems and be visually unacceptable. Therefore 

weld lines should be avoided if possible. If it is not 

possible to remove a weld line, it should be 

positioned in the least sensitive area possible. This 

can be done by changing the polymer injection 

location or altering wall thicknesses to set up a 

different fill time. In a different fill time, flow fronts 

may meet at a different location and therefore the 

weld/meld line will move. 

 

 
Fig 8. Weld location with two injection points 

 

AIR TRAPS 

The air trap result shows the regions where the melt 

stops at a convergence of at least 2 flow fronts or at 

the last point of fill, where a bubble of air becomes 

trapped. The regions highlighted in the result are 

positions of possible air traps. 

  

Air traps occur when converging flow fronts 

surround and trap a bubble of air. This normally 

happens where there is an unbalanced flow path. 

The racetrack effect can often give rise to flow fronts 

racing ahead along thick paths trapping a pocket of 

gas. In the following example the plastic races along 

the thick edge trapping a pocket of gas near the 

corner of the part. Another problem that can cause 

air traps is hesitation, where the plastic slows while 

traveling along a thin path. In the following example 

the top wall is thin, slowing the flow of plastic along 

this path. As a result, a pocket of air is trapped in the 

center of the front wall. 

 

Flow paths do not need the racetrack effect or 

hesitation to have unbalanced flow. In a part with 

uniform thickness, the physical length of flow paths 

may vary, and again air traps may occur. Even in the 

case of a part with balanced flow paths, air traps can 
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still occur by inadequate venting at the end of the 

flow paths. 

  

Fig11.Plot of Air entrapment 

 

V. CONCLUSION 

 

Above results of Part Advisor were very much useful 

to predict and eliminate potential molding problems 

before manufacturing of the tool. Also the results 

were helpful in better understanding of mold filling 

and flow. Some of the predictions and observations 

of mold fill analysis regarding air venting, weld lines, 

fill time, processing temperature and pressure, 

number of injection points and position, etc are 

driving parameters while designing the mold. For 

more detailed information about a model’s molding 
behavior, Mold flow Plastic Insight analysis software 

can be used. Here we can address mold with gates, 

runner system, and cooling circuits to perform more 

in-depth analysis. 

 

The overall quality of the molding is satisfactory at 

specified mold temperature and pressure (265 °C and 

100 MPa) with single injection point. 
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ABSTRACT 
 

FaL-G is the product name given to a cementitious mixture composed of Fly ash (Fa), Lime (L) and Gypsum 

(G). It is low-cost and environmental-friendly material very useful even in rural housing industry. FaL-G in 

certain proportions, as a building material is an outcome of innovation to promote large-scale utilization of fly 

ash. It gains strength like any other hydraulic cement in the presence of water and it is water resistant when 

hardened. This paper addresses the technology of making FaL-G mortar compressed hollow blocks with low-

calcium (Class F) dry fly ash as the base material. The FaL-G masonry hollow blocks were prepared without 

the use of conventional cement. Quarry dust and sand   were used as fine aggregates as sustainable materials. 

The properties and compressive strength of FaL-G masonry hollow blocks were tested with different 

parameters. The experimental results reveal that the FaL-G hollow blocks are suitable to be used for the 

construction of masonry structures. 

Keywords : Fly Ash, Lime, Gypsum, Quarry Dust, Sand, Mortar, Compressive Strength. 

 

I. INTRODUCTION 

 

Nowadays the emission of carbon dioxide into the 

atmosphere is being increased gradually day by day. 

Considerable amount of fossil fuel, coal and oil are 

burnt for different reasons. This weakens the heat–
trapping blanket that surrounds the planet causing 

global warming. Various alternatives can be 

considered to protect the planet. The rapid increase 

in the capacity of thermal power generation has 

resulted in the production of a huge quantity of fly 

ash. The prevailing disposal methods are not free 

from environmental pollution and ecological 

imbalance. On the other hand, the production of 

each ton of cement releases equal amount of carbon 

dioxide to the atmosphere. The usage of cement can 

be reduced by using the other possible cementing 

materials without compromising the strength and 

durability.  

The most basic building material for construction of 

houses is the usual burnt clay brick. A significant 

quantity of fuel is utilized in making these bricks. 

Also, continuous removal of topsoil, in producing 

conventional bricks creates environmental 

problems. There is strong need to adopt cost 

effective sustainable technology using local materials 

and appropriate/intermediate technologies using 

materials with efficient and effective technology 

inputs. Different methods are adopted to produce 

the building blocks using cement, lime-fly ash, lime-

slag bindings etc. There is a need to develop simple 

and highly effective technologies for producing the 

building blocks. The imperative need to produce 

more building materials for various elements of 

construction and the role of alternative options 

would be in sharp focus. This is in considering the 

short supply, increasing cost, energy and 

environment considerations for traditional and 
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conventional materials. The possibility of using 

innovative building materials and technologies, 

using waste material like fly ash has been 

considered.  

There is a strong need to adopt cost-effective and 

environmentally appropriate technologies by 

upgrading of traditional technology, as also using 

local materials as well as appropriate and 

intermediate technologies employing modern 

construction materials with efficient, effective 

technology inputs. Building materials is an area 

where enormous amount of innovation for cost 

reduction can be achieved. It is cost effective and 

environmental-friendly material very useful even in 

rural housing industry. FaL-G in certain proportions, 

as a building material, is an outcome of innovation 

to promote large-scale utilization of fly ash by 

Bhanumathidas and Kalidas [1]. It gains strength like 

any other hydraulic cement, in the presence of 

water, and is water resistant when hardened.  

Large amounts of gypsum and fly ash are available at 

phosphoric acid manufacturing plants and thermal 

power plants, respectively. These materials can be 

used to source sulphate and silica alumina. Gypsum 

contains impurities of phosphate, fluoride, organic 

matter and alkalies which prevent its direct use as 

building material. It is one of the calcium sulphate’s 
rich residues. Phosphogypsum is an important by-

product of phosphoric acid fertilizer industry. It 

consists of CaSO4.2H2O and contains some 

impurities such as phosphate, fluoride, organic 

matter and alkalies. Approximately 5 million tons of 

phosphogypsum is produced each year in India [2]. 

Cementitious binder, FaL-G, finds extensive 

application in the manufacturing of building 

components and materials such as bricks, ,solid 

blocks,hollow blocks and  lean concrete. FaL-G 

technology enables production of hollow blocks 

with a simple process of mixing and water curing. 

Due to such appropriate technology apart from 

economy, conservation of energy and pollution 

control are also achieved [3]. 

It has been reported that FaL-G mortar can be 

used in making the masonry hollow block units by 

different combinations of fly ash, lime and gypsum 

[4] .FaL-G technology contributes to the 

conservation of energy and reduces environmental 

degradation [5]. Since it is manufactured using 

industrial wastes and by-products, the 

environmental impacts are mitigated. FaL-G plants 

have the advantage of continuous year-wide 

operation and hence provide year-long employment 

opportunity to skilled artisans.[6] It creates self-help 

livelihood opportunities for the people. In certain 

cases, where by-product lime is not available in 

adequate quantity, ordinary Portland cement is used 

as the source of lime, producing the same quality of 

bricks and blocks [7,8]. 

 

SCOPE OF THE RESEARCH 

FaL-G is relatively economical material derived 

from base materials like fly ash, lime and gypsum. 

The research reported till date speaks about the 

random use of the material without any rational 

approach. The report on proportioning, strength 

development in FaL-G is very less. Also there is 

large scope for the development of FaL-G 

compressed blocks/bricks made from mortar. In this 

research, FaL-G mortar hollow blocks were prepared 

and various properties were studied. 

 

MATERIALS AND METHODS  

A Class F fly ash was procured from Raichur 

thermal power plant. Locally available lime was 

slaked and sieved through 1.18 mm sieve and stored 

in air tight container. Dry calcinated 

phosphogypsum was procured from a fertilizer 

industry. The weighed quantity of fly ash and 

gypsum were mixed in dry condition. Lime was 

added to the mixture to obtain a uniform mix. This 

mix was termed as FaL-G binder. 
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TABLE 1: MIX PROPORTIONS OF FAL-G BRICKS 

 

Mix 

designa

tion 

FaL-G Binder 

proportion 

 

 

Fine 

aggre

gate 

 

FaL-G 

Binder : 

Fine 

aggregate 

Ratio 

Fly 

ash 

Lim

e 

Gy

psu

m 

H1 50 40 10 Stone 

dust 

1:1 

H2 50 40 10 Stone 

dust 

1:1.5 

H3 55 35 10 Stone 

dust 

1:1 

H4 55 35 10 Stone 

dust 

1:1.5 

H5 60 30 10 Stone 

dust 

1:1 

H6 60 30 10 Stone 

dust 

1:1.5 

H7 65 25 10 Stone 

dust 

1:1 

H8 65 25 10 Stone 

dust 

1:1.5 

H9 50 40 10 Sand 1:1 

H10 50 40 10 Sand 1:1.5 

H11 55 35 10 Sand 1:1 

H12 55 35 10 Sand 1:1.5 

H13 60 30 10 Sand 1:1 

H14 60 30 10 Sand 1:1.5 

H15 50 40 10 Sand 1:1 

H16 50 40 10 Sand 1:1.5 

 

 

FaL-G mortar was prepared using FaL-G as 

binder and Quarry dust, sand and pond ash as fine 

aggregates. The procedure adopted was same as that 

of cement mortar. Tap water was used to mix the 

ingredients. The ingredients were mixed thoroughly 

by kneading until the mass attained uniform 

consistency.  FaL-G mortar is a dry frictional 

material at water/binder ratio of 0.2. FaL-G 

compressed hollow blocks were prepared using FaL-

G mortar at various binder-fine aggregate ratios. The 

details of mix used for preparing FaL-G hollow 

blocks are shown in Table 1. The hollow blocks 

were designated as B1 – B24 for convenience. 

 

Moulds of internal dimension 400 mm x150 mm 

x 200 mm were used for casting the compressed 

hollow blocks. The FaL-G mortar mix was placed in 

the moulds in two layers. Each layer was compacted 

and compressed using a vibrating table. The 

compressed brick was then de moulded and stored 

on the platform. They were cured in wet gunny bags 

for a day or two. Later they were cured by 

sprinkling water till the age of 28 days or date of 

testing whichever was earlier.  The properties of 

FaL-G hollow blocks were studied i.e., dry density, 

Initial rate of absorption, water absorption, 

Compressive strength of block and stress- strain 

characteristics. 

RESULTS AND DISCUSSION 

The properties of the FaL-G bricks are indicated 

in Table 2 for all the series considered. It was found 

that the density of FaL-G hollow blocks was in the 

range of 1.465 to1.654 g/cc for all the series. This 

density was marginally less compared to the 

conventional concrete hollow block available in the 

market. The initial rate of water absorption of the 

bricks varied from 3.92 to 4.4 kg/m2/min which is 

considered as less as per ASTM C-67 [9].  The 

percentage of water absorption was found to be less 

than 17.56% for all the series against the maximum 

limit of 20% as per IS 3495-1976[10].  

TABLE 2: PROPERTIES OF  HOLLOW BLOCKS OF SIZE 

400MM X150MM X 200MM 

 

Mix 

designa

tion 

 

Average 

Dry 

density 

in g/cc 

Average Initial 

rate of 

absorption of 

brick in 

kg/m2/min  

Average 

water 

absorptio

n of brick 

in %  

H1 1.635 3.960 15.786 
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Mix 

designa

tion 

 

Average 

Dry 

density 

in g/cc 

Average Initial 

rate of 

absorption of 

brick in 

kg/m2/min  

Average 

water 

absorptio

n of brick 

in %  

H2 1.654 3.928 15.712 

H3 1.622 3.981 15.924 

H4 1.637 3.944 15.804 

H5 1.597 4.040 16.159 

H6 1.619 3.986 16.052 

H7 1.585 4.072 16.287 

H8 1.612 4.003 16.147 

H9 1.535 4.197 16.788 

H10 1.568 4.113 16.617 

H11 1.507 4.273 17.089 

H12 1.534 4.202 16.919 

H13 1.492 4.348 17.262 

H14 1.507 4.274 17.094 

H15 1.465 4.408 17.564 

H16 1.481 4.346 17.410 

 

Parameters: 

❖ Age: 7, 14, 28, 56, 72 and 90 days 

❖ Binder-to-aggregate ratio: 1:1 and 1:1.5 

❖ Quantity of fly ash   : 50, 55, 60 and 65% 

❖ Quantity of lime       : 25, 30, 35 and 40% 

 

Figure 1, 2 and 3 show the variation of 

compressive strength of the FaL-G hollow blocks 

with age for quarry dust, and sand  respectively. It is 

quite obvious that the strength increases with age in 

all the cases. It is due to continues reaction between 

the FaL-G binder and water as discussed in the 

introduction. The compressive strength was around 

4 MPa at the age of 28days   and around 5.5 MPa at 

the age of 90 days. The minimum strength at the age 

of 28 days is more than 3MPa in most of the cases. 

This strength would be sufficient to use them as 

masonry units as per IS 3495-1976 [10]. 

 

 

 

Fig. 1. Variation of Compressive Strength with age 

with Stone Dust as fine aggregate. 

 

Fig. 2. Variation of Compressive Strength with age 

with Sand as fine aggregate 

Figure 3 indicates the compressive strength of 

FaL-G bricks at the age of 7, 14, 28, 56, 72 and 90 

days in order. The column indicates the strength of 

the brick having binder-to-aggregate ratio of 1:1 and 

with ratio of 1:1.5for different series H1to H8with 

quarry dust as fine aggregate. Similarly Figure 4 

indicates for different series H9 to H16 with natural 

sand as fine aggregate. It can be observed that as the 

ratio of binder-to-aggregate increases the strength 

decreases in all the cases. It is due to less binder 

availability in the mortar. 
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Fig. 3. Compressive Strength of H1 to H8 of 

Binder/Quarry dust Series for various ages 

 

Fig. 4. Compressive Strength of H9 to H16 of 

Binder/Sand Series for various ages 

The series considered for the variation of fly ash 

with H1 to H8 [binder/quarry dust series] and H9 to 

H16 [binder/Sand series] with 50, 55, 60 and 65% of 

fly ash respectively. For convenience, the age of the 

blocks are considered up to 90 days with quarry dust 

and sand as fine aggregate. Figure 5 indicates the 

variation of compressive strength with the 

percentage of fly ash. It was found that the 

compressive strength decreases with the increase in 

fly ash content, the optimum being 50%.  Same 

observation was found in the research reported by 

Radhakrishnan [4]. The series considered for the 

variation of lime from H1 to H16 series with 40 35, 

30 and 25% of lime respectively. The variation of 

compressive strength with the lime content is 

shown in Figure 6.  

 

 

Fig. 5. Variation of Compressive Strength with fly ash 

content 

 

Fig. 6. Variation of Compressive Strength with lime 

content 

It can be noticed that the increase in lime 

content increases the strength. In FaL-G, as the fly 

ash content increases the lime content should 

decrease as the gypsum is maintained at 10%. 

Modulus of elasticity of hollow block were tested at 

28 days for the series H1[50:40:10],H3[55:35:10] 

with quarry dust as fine aggregate, 

H9[50:40:10],H11[55:35:10] with natural sand as fine 

aggregate. The modulus of elasticity was found to be 

1768 MPa, 1666 MPa,1876 MPa and 1527 MPa at 

the age of 28 days respectively.  Figures 7, 8 9and 10 

represents the stress-strain behaviour for different 

series of the hollow blocks.  This range of modulus 

of elasticity is quite satisfactory to use these bricks as 

masonry units. 
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Fig. 7. Variation of Modulus of elasticity at 28 days of 

series H1[50:40:10][QD] 

 

 

Fig. 8. Variation of Modulus of elasticity at 28 days of 

series H3[55:35:10][QD] 

 

Fig. 9. Variation Modulus of elasticity at 28 days of 

series H9[50:40:10][Sand] 

 

Fig. 10. Variation Modulus of elasticity at 28 days of 

series H11[55:35:10][Sand] 

 

CONCLUDING REMARKS 

 

➢ FaL-G compressed masonry hollow blocks can 

be prepared economically by using industrial 

wastes like fly ash, lime, gypsum, stone dust and 

Sand. 

➢ It was found that the dry density, IRA and water 

absorption  of  FaL-G compressed bricks  were in 

the range of 1.465 to1.654 g/cc., 3.92 to 4.4 

kg/m2/min and  less than 17.56 % respectively. 

➢ The hollow blocks attained considerable 

strength around 4MPa at the age of 28 days to 

use them as masonry units with adequate 

modulus of elasticity. 

➢ In view of the above, it can be concluded that 

FaL-G masonry units can effectively replace 

conventional masonry units. 
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ABSTRACT 
 

Polymeric materials reinforced with synthetic fibres such as glass, carbon and aramid exhibit high stiffness 

and strength to weight ratio as compared to conventional materials like metals. The potential of using natural 

fibres as reinforcements in Polymer Matrix Composites (PMC) to replace conventional synthetic fibres in 

structural applications has been in focus in the recent times. Synthetic fibres are not biodegradable and the 

manufacturing of synthetic fibres releases harmful emissions to the atmosphere.  In the present work PMC 

with banana fibres as reinforcement in epoxy resin as the matrix and mango fibres as additives has been 

studied. The specimens are fabricated using the hand lay- up process with different orientation to test the 

mechanical properties. 

Keywords : Fibre reinforced composite, mechanical properties, banana fibre, biodegradable, hand layup 

 

I. INTRODUCTION 

 

Natural Fibre Composites: 

 

Fibre Reinforced Composites (FRC) has an immense 

scope in various industries. Automobile industry is 

also dependent on FRC for many parts and body 

panel. The synthetic fibres like glass, aramid etc., are 

not biodegradable and also the production process is 

not environmental friendly process. Therefore many 

researchers have studied the possibility of using 

natural fibres like jute, kenaf, hemp etc. to replace 

the synthetic fibers. The natural fibres are easily 

available and cost effective. Also they have low 

density and satisfactory mechanical properties which 

make them an attractive ecological alternative to 

man-made fibers used for the manufacturing of 

composites.  

 

 

• Natural fibers can be categorized as:  

• Animal Fibre  

• Mineral Fibre 

• Plant Fibre 

Plant fibers generally include examples like cotton, 

jute, flax, ramie, sisal and hemp etc, which are made 

up of cellulose and are mainly used in the 

manufacture of paper and cloth. This can be further 

categorizes as, 

 

• Seed fiber: The fibers that are collected from the 

seed and seed case, e.g. cotton and kapok.  

• Leaf fiber: The fibers that are collected from the 

leaves e.g. sisal and agave.  

• Skin fiber: The fibers that are collected from the 

skin or the stem of their respective plant.  

Plant fibers exhibit high tensile strength as compared 

to other fibers due to which these fibers are used for 

http://ijsrcseit.com/
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applications such as durable yarn, fabric, packaging 

etc. Example:  flax, jute, banana, hemp, and soybean.  

Fruit fiber: The fibres that are collected from the 

fruit of the plant, e.g. coconut (coir) fiber. 

 

Stalk fiber: The fibres that are actually collected from 

the stalks. Example: Straws of wheat, rice, barley, 

bamboo and grass.  The natural fibers can be with 

thermosetting as well as thermoplastic matrices.  

Thermosetting resins such as epoxy, polyester, 

polyurethane, phenolic, etc. are commonly used as a 

matrix material in natural fiber composites in which 

composites are required for higher performance 

applications.  

 

They provide good stiffness and strength properties. 

New materials based on renewable resources are 

gaining importance because of the wide spread 

awareness about the emission of greenhouse effect 

caused by the gases such as CO2 into the atmosphere 

and  global ill-effects of fossil energy resources. 

 

Banana fibre:  

Banana is available in most parts of India, and banana 

fibre availability is more. The banana fibre is 

obtained from the stem of a banana tree. After 

banana is taken from the tree the whole tree is of 

waste especially the stem. The chemical composition 

of banana fibre is cellulose, hemicellulose, and lignin. 

It is a highly strong fibre. It is a very light weight 

fibre. The hydrogen bonds and other chemical 

linkages provide necessary strength and stiffness to 

the fibres. The density of banana fibre is 1300 kg/m3, 

tensile strength is around 355 MPa, young’s modulus 
is 33.8 GPa and elongation at break is 5.3%. It has a 

strong moisture absorption quality; it absorbs as well 

as release moisture very fast.  

 

The stem of the banana tree is in the form of layers. 

The strength of the fibre varies according to the layer 

position, as the layers goes towards the centre the 

strength starts to decrease. Hence, the outer layer has 

more strength compared to the inner layer. The 

outer layers are dried for few weeks to take out the 

moisture present in the stem layers. The dried fibres 

are twisted for removal of more moisture as well as 

to reduce the size of the fibre. The thickness of the 

twisted fibre obtained will be around 1.8mm to 2.1 

mm, this fibre is made into a yarn. The fibre yarn is 

then woven to make sheets. The banana sheets are 

used in this work because of all the above mentioned 

properties. 

 

 
Fig. 1 Raw banana fibers 

 

Mango fibre:  

Mango is an abundantly available fruit in several 

parts of world. Mango fibre is also another natural 

fibre which has a better strength, environmental 

friendly, and also is bio-degradable. Mango fibre is 

extracted out of mango endocarp (mango seeds) after 

drying the seeds in sunlight for 2-3 days to remove 

the water content and then they are powered for use 

as filler. Mango seeds plays a major role for the 

material strength. The properties that mango seed 

imparts to composites are high strength to weight 

ratio, less weight, low cost. The major advantage is  

that it is a waste product. Once the mango is 

consumed the seeds are thrown to waste. These 

waste seeds can be used for manufacturing of 

composite materials. It can be used as particles or can 

be powdered and mixed with the binders. It can be 

used as filler in manufacturing natural fibre 

composites. 
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Fig 2.Powdered mango endocarp 

 

Fabrication:  

In the present work resin Araldite LY-556 and 

hardener Aradur LY- 951 are used as matrix 

materials. The readymade banana fiber sheets are 

used as resin and mango seed particles are used as 

filler/ additive material. The fabrication of the 

laminate was done using hand lay-up process. 

 

Following are the specifications of the fabricated 

laminate:   

 

• Process selection- Hand Lay-up Process 

• Number of layers -3.  

• Size of Laminates-300*300*4  

• Length of fibers used-15mm.  

• Orientation- Bi-Directional (0o & 90o)  

• Resin: Hardener- 10:1  

• Volume fraction= 50:50  

• Weight of Resin used is 400 grams  

• Therefore, the amount of hardener used =( 

1/10)*400 = 40gm  

• Then mango seed is used as filler = 3%  

 

Mold preparation: The base plate was cleaned with 

an abrasive paper. The surface is allowed to dry after 

cleaning it with a thinner solution. After drying, the 

surface was coated with silicon gel. The surface is 

now set for the mold layup. 

 

The fibre is placed inside the mould and a sealant is 

placed over the fibre to create vacuum. This is to 

keep the fibre dry and not to make any contact with 

moisture. Water content should be as less as possible 

for the fiber to absorb the resin to the maximum. 

Maximum absorption of resin increases the strength 

of the composite fabricant. If the moisture is present 

in the fiber it will have a huge effect on the 

properties of final product. 

 

 
Fig 3. Vacuum bagging process 

 

Based on the above calculations resin (araldite LY-

556) and hardener (Aradur HY-951) is mixed in 10:1 

proportion. And 3% of mango endocarp powder is 

mixed with resin and hardener. 400 grams of resin, 

40 grams of hardener and 12 grams of mango 

endocarp is mixed together. The resin and hardener 

mixture should be carefully selected such that,  the  

resin should not cure in the curing pot itself. 

 

Once the fibre is wetted with resin mixture, the 

perforation sheet is placed on top of the banana fibre. 

After all these processes are done, vacuum bagging is 

done after 30 minutes by switching on the vacuum 

and made to run for 1 hour. The laminate is then 

heated in the oven for 1 hour at 1000C for curing. 

 

II. RESULTS AND DISCUSSION 

 

Tensile test is carried out after cutting the specimens 

to the required dimension according to the ASTM 

standards. Tensile tests produce a stress-strain 

diagram, which is used to determine tensile modulus.  
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Fig 4. ASTM D3039 (Tensile test) specimen 

dimensions 

 

 
Fig 5. Tensile testing of the specimen 

Displacement 

Fig 6. Tensile test graph for 0°/90° 

 

 
Displacement 

Fig 7. Tensile test graph for +45°/-45° 

 

III. CONCLUSION 

 

➢ The tensile test showed very good load bearing 

capacity for the 0/90 o direction with a peak load 

1600N. 

➢ The peak load for +45°/-45° was around 2000N.  

➢ The laminates showed good results in both the cases. 

Also, the strength of the fiber is higher in longitudinal 

direction than that of transverse. 

➢ The results give scope for the application of these 

natural fibers in interior of automobiles. 

➢ The addition of mango particles have given improved 

results in tensile strength compared to the results 

with only banana fibres. 

➢ The work can be extended by increasing the number 

of layers and varying the percentage of fibres. 
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ABSTRACT 

 

This paper discusses fabrication of oxy hydrogen generator using wet cell electrolysis method using SS304 

stainless steel plates and neoprene gaskets. Using hydrogen as IC engine fuel is been an interested field of 

research for a long time, the interest in using hydrogen as IC engine fuel is increased recently due the 

shortage of fossil fuels and introduction of electric vehicles. The need for an alternative fuel to regular fossil 

fuels is increased as never before. In this paper a research is carried out on understanding the different 

methods of generation of oxy hydrogen, selection a best method based on various criteria, namely efficiency, 

availability of materials and cost. On the same basis mentioned, SS304 stainless was used to make the dry cell 

hydrogen generator. Amount of oxy hydrogen generated and method to add oxy hydrogen to engine intake 

and conducting engine performance and emission characteristics have to be done further. 

Keywords :  Oxy Hydrogen, Wet Cell, Stainless Steel 

 

I. INTRODUCTION 

 

Fossil fuels such as petroleum, coal and natural gas, 

which are used for power generation for decades are 

being depleted rapidly. Also, combustion byproducts 

are causing numerous problems, such as the ozone 

layer depletion, green house effect,  acid rains, air 

pollution and environment pollution,  which are 

dangerous for human health and our environment. 

Though the research for mobility is shifted focus 

towards electric propulsion vehicles (electric 

vehicles) and majority of automotive industries have 

stopped funding for research on IC engines.  Many 

engineers believe IC engines are here to stay for 

quite some time and are going to be a parallel 

technology to electric vehicles till the time electric 

vehicles become the prime mobility solution in the 

near future. One method by which the emission 

problems of fossil fuel IC engines can be overcome is 

by replacing fossil fuel by hydrogen fuel which is a 

clean and efficient fuel. Combustion of hydrogen 

does not emit  ozone layer depleting chemicals and 

greenhouse gases. 

In this paper a research on different oxy hydrogen 

generation methods is done to find out best method. 

A dry cell generator is fabricated.  

 

II. METHODOLOGY 

 

• Literature study of electrolysis methods for 

production of oxy hydrogen and using it as engine 

fuel 

• Fabrication of oxy hydrogen generator 

• Modify the engine inlet for oxy hydrogen 

induction 

 

III. LITERATURE STUDY 

 

Most early engine were designed for burning a 

variety of gases, including natural gas and propane. 

http://ijsrcseit.com/
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When hydrogen was used in these engines it would 

backfire. Since hydrogen burns faster than other 

fuels, the fuel-air mixture would ignite in the intake 

manifold before the intake valve could close. 

Hydrogen gave less power than gasoline with or 

without the water. [1] 

 

Hydrogen and pure oxygen were considered for 

submarine during world war use because the crew 

could get drinkable water from the exhaust. 

Hydrogen was also considered for powering airship 

engines. 

 

Oxy-hydrogen Gas as a IC Engine Fuel 

Oxy-hydrogen is a mixture of hydrogen and oxygen 

gases, typically in a 2:1 atomic ratio; the same 

proportion as water. At normal temperature and 

pressure, oxy-hydrogen can burn when it is between 

about 4% - 94% hydrogen by volume and with 

flame temperature around 2000 C. [5] 

 

Automotive fuel enhancement systems inject either 

a hydrogen-petrol mixture, or pure hydrogen into 

the intake of the IC engine.  A small amount of 

hydrogen is added to the intake air-fuel charge 

permits the engine to operate with leaner air-to-fuel 

mixture. As the air/fuel mix approaches leaner 

values the temperature of combustion decreases 

effectively reducing NOx production. A 50% 

reduction in gasoline consumption at idle was 

reported by numerically analyzing the effect of 

hydrogen enriched gasoline on the emission, 

performance and fuel consumption of a small spark-

ignition engine. [5] 

 

Under most loads near chemical correct air/fuel 

mixtures are still required for normal acceleration, 

although under idle conditions, reduced loads and 

moderate acceleration hydrogen addition in 

combination with lean burn engine conditions can 

result in a running of the engine with many 

advantages in terms of fuel consumptions and 

emissions levels. [4] 

 

Comparing the properties of gasoline and hydrogen, 

it is possible for hydrogen engines to operate with 

very lean mixture, achieve good fuel economy and 

emissions reductions. The concept of oxy hydrogen 

as a combustion enhancer for internal combustion 

engines has a greater interest than pure hydrogen 

powered engines because it involves fewer 

modifications to the engines and their fuelling 

systems. 

 

After the emission and performance analysis result 

are compared and considerable change were 

observed, Reduction in the fuel consumption of the 

vehicle up to 30%, increase in power and 

performance was observed. Once you switch to 

supplemental hydrogen, it will enhance power and 

performance in your car.  

Use of oxy hydrogen in gasoline IC engines 

improved the combustion efficiencies reduced fuel 

consumption by 20%, reduction in emission of 

pollutants like carbon monoxide and unburnt 

hydrocarbons, power output increased by 5.7%. [4] 

Introduction of HHO led to increased power and 

torque. The engine tended to run richer under 

higher loads. There was a significant reduction of 

unburned hydrocarbons as a result of the increase in 

HHO inclusion. Introduction of HHO led to 

improved combustion particularly at low loads. [5] 

 

Hydrogen Production: 

Hydrogen does not occur free in nature like 

conventional fossil fuel. Source of energy like 

nuclear, solar or hydro-electric is required to split it 

from original combined form. The following 

methods are used for production of hydrogen:  

 

Electrolysis of H20  

In this process, electrical power is utilized to split 

water into H2 and O2. An electrolysis cell contains 

two electrodes, commonly carbon plates or a flat 

metal, immersed in an aqueous electrolyte solution. 
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A source of DC source is connected to the electrodes, 

electric current conducts through the electrolyte 

from anode to cathode. As a result, water in the 

electrolyte solution is broken into H2 which is 

obtained at the cathode and oxygen at the anode.  

Since water is a poor conductor of electricity, an 

electrolyte like KOH is used to improve its 

conductivity. 

 

Thermo chemical method  

This method is considered potentially most 

promising. It depends on complex series of 

interactions between the primary energy, water and 

some specific chemicals to produce hydrogen at 

temperatures substantially lower than thermal 

decomposition. The chemicals used are recyclable. A 

variety of compounds of iron, iodine, lithium and 

cadmium are used for the purpose. 

 

 

Photobialysis  

 

In this process, action of certain catalyst to produce 

H2 from water by use of directs sunlight at ambient 

temperature. Though, it appears attractive, the 

present efficiency of production is only 1%.  

 

IV. WORK DONE 

 

Hydrogen Generator Selection: 

Wet Cell: 

 
Fig.1 Wet cell generator 

A wet cell is an oxy hydrogen generation system in 

which the electrodes are immersed in the electrolyte 

aqueous liquid. And then the current is passed 

through. This creates an arc in the electrodes and 

the water is split into two gasses mainly oxygen and 

hydrogen. 

It requires very less power and is efficient for small 

quantity of gas production.  

 

Dry Cell: 

 

 
Fig. 2. Dry cell generator 

A dry cell is an oxy hydrogen generation system in 

which the electrodes are fixed and the water is made 

to pass through the electrodes. It runs lesser amps 

and works cooler and has high gas production. 

Weight of dry cell is more  compared to wet cell and 

cleaning of the electrodes should be done frequently. 

By taking into account all its advantages an 

disadvantages, and also its feasibility in the internal 

combustion engine, we have selected the dry cell.  

 

V. FABRICATION 

 

Selection of Electrolyte 

KOH (Potassium Hydroxide):- Potassium hydroxide 

also known as ‘caustic potash’ is highly caustic. This 
needs to be handled carefully and kept away from 

any contact with skin, and even more importantly 

our eyes. 10% KOH concentration is so far reported 
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and understood to be the optimum. KOH weighs 

approximately 11 grams per heaping teaspoon.  

Components Required For The Dry Cell System:- 

Stainless Steel Plates: 

SS304: 

The SS304 plate contains 18% chromium and 8% 

nickel whereas the SS316 plate contains 10% nickel, 

16% chromium and 2% molybdenum. The 

molybdenum is  to help resist chlorides corrosion. 

Neoprene Gasket: 

Neoprene is a type of synthetic rubber that are 

created by polymerization of chloroprene. Neoprene 

exhibits good chemical stability and maintains 

flexibility over a wide temperature range. Neoprene 

is sold either as solid rubber or in latex form, and is 

used in a wide variety of applications. Like Electrical 

Insulation, Membranes and fan belts. 

 

Cover Plate: 

ABS Plastic is a common thermoplastic used in high 

temperatures. The most important property of ABS 

are toughness and impact resistance. ABS polymers 

are resistant to aqueous acids, 

concentrated phosphoric and hydrochloric acids and 

alkalis.  

 

Construction of Oxy-hydrogen Dry Cell  

To construct the oxy hydrogen dry cell core the 

selected SS304 steel plate should be cut to 7” by 7” 
and 6 holes should be drilled on the plate for the 

water to pass through, 4 holes in the bottom and 2 

holes on the top 

 

 
Fig. 3. Stainless steel plates in required shape 

The neoprene gasket of thickness 2mm is cut to the 

plate dimensions, this gasket is then cut on the 

inside of the dimension 6 by 6 inch. 

The gasket creates an airtight seal between the two 

plates and prevents the leakage of water.  

 

 
Fig. 4. Neoprene Gasket cut in shape 

 

 
Fig. 5.  Neoprene gasket and stainless steel put 

together 

 

The cover plates are of 9 by 9 inch and 0.5 inch 

thick. With one brass fitting connected on top and 

two fittings on the bottom. 

 

 
Fig. 6. Cover plate with brass fittings 

 

All these components are connected together to 

form the core of the oxy-hydrogen generator. The 
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effective plate configurations are 11plate cell in 

which 3 plates are the electrodes and the other 8 are 

the neutral plates. 

The plate configuration is given by:- 

+ N N N N – N N N N +  =11 plates in total with 3 

electrodes and 8 neutral plates 

 

 
Fig. 7. Oxy hydrogen generator core 

 

The construction of the reservoir is simple as it 

requires a 5 liter jerry can. The reservoir is used to 

hold the water solution . The holes are drilled at the 

bottom and top of the can for the connection of inlet 

and outlet of the core there is another hole drilled 

on top of the can which connects to the bubbler. 

The jerry-can is plastic or metal. The reservoir 

contains 4 liters of water and KOH solution.  

The construction of the bubbler is done with the 

help of an acrylic tube which is cut up to 5 inches in 

length and is 3 inches in diameter. The bubbler is 

then closed with 2 end caps which have brass 

fittings on both of them. 

The final assembly of this system is done on a 

wooden board for easy transportation and a 12 volt 

battery is used for the working of the generator 

system. 

 

Fig.8. Oxy-hydrogen generator system 

The oxy-hydrogen gas generator shown above is a 

dry cell system with 11 plate configurations; it 

consists of 3 electrodes in which 2 are connected to 

the positive and the other one to the negative. These 

are connected to the 12 volt battery. The other 8 

plates are neutral plates which are used to reduce 

the voltage by 1.2 volts, which is the optimum 

voltage for the plate to break down the water 

solution into hydrogen and oxygen.  

VI. CONCLUSION 

 

In this paper a dry cell oxy hydrogen generator was 

fabricated using SS304 stainless steel plates and 

neoprene gasket. SS304 was used because of its 

availability and cost. The constructed oxy hydrogen 

generator is generating oxy hydrogen at a steady rate, 

which is evident by seeing the bubbler. Quantity of 

oxy hydrogen generator should be measured 

accurately and provision to add oxy hydrogen to the 

engine intake has to be made in future to study the 

engine performance and emission characteristics. 
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ABSTRACT 
 

The goal of this proect is to use and assess the mechanical properties of the chicken quill strengthened 

polyester composites. Preceding creation of the composites, the chicken plume strands (CFF) were cleaned, 

tried and dissected as far as physical properties; straight thickness and elastic conduct. The unidirectional CFF 

fortified composites were created with polyester resins with various extents. Trials were led to decide 

physical properties of the control (0%) and CFF fortified composites; tensile,flexural and Charpy impact 

testing. It was discovered that the impact properties of the CFF strengthened composites are altogether 

superior to the control composites. Anyway both the malleable and the flexural properties of the CFF 

fortified composites have less fortunate qualities contrasted with the control composites. The CFF fortified 

composite have potential applications because of its improved impact conduct. Therefore the poultry waste 

can be used for any designing application and they will be favored because of minimal effort and prevalent 

attributes and the above all they won't cause biological and medical issues 

Keywords : Chicken Feather, Composites, Mechanical Properties, Polyester 

 

I. INTRODUCTION 

 

1.1.COMPOSITE MATERIALS 

 

Since the beginning, mechanical advancements have 

helped mankind improve their ways of life, with the 

rate of advancement and research is so amazing. In 

any case, certain innovation likewise makes a 

negative natural effect. In this manner endeavors are 

put resources into utilizing characteristic based 

biodegradable and manageable material that exist in 

nature as opposed to make another material. Material 

structures fortified composites, explicitly with 

filaments, have picked up significance in designing 

and specialized applications because of their light 

weight, higher constancy, predominant flexibility 

and quality, great warm opposition, low thickness, 

and better unbending nature [1-3]. The CFF are 

normally depicted as a loss result and they are adding 

to ecological contamination because of the transfer 

issues. There are two fundamental chicken plume 

transfer strategies that exist, a consuming and 

covering. Them two have negative effect on nature. 

Ongoing investigations on the chicken feathers 

showed that the waste can be a potential composite 

support. The composite fortification use of the CFF 

offers considerably more compelling approach to 

comprehend ecological concerns contrasted with the 

conventional transfer techniques. A portion of the 

upsides of the CFF are economical, inexhaustible, 

and plentifully accessible. The CFF as a composite 

support having certain attractive properties including 

lightweight, high warm protection, superb acoustic 

properties, non-rough conduct and incredible 

hydrophobic properties. The CFF has the least 

thickness esteem contrasted with the all normal and 

http://ijsrcseit.com/
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engineered strands [4-7]. Castano et al found that the 

CFF keratin biofibres permits an even appropriation 

inside and adherence to polymers because of their 

hydrophobic nature and they revealed that CFF 

strengthened composites have great warm solidness 

and low vitality dispersal [8]. The primary 

motivation behind this examination is to produce 

and decide the mechanical properties of the CFF 

strengthened vinylester and polyester thermoset 

composites. The chicken plume strands were tried 

and dissected to recognize the accompanying 

properties; direct thickness, breaking lengthening 

and determination. The CFF strengthened 

composites were created by hand layup system in the 

research facility. Vinylester and polyester gum were 

utilized as lattices and the composites were 

fabricated by utilizing three distinctive fiber stacking 

extents. The mechanical properties of these 

composites were resolved and looked at including 

tractable, flexural and Charpy impact properties. 

 

II. MATERIALS AND METHODS 

 

2.1.MATERIALS 

 

             The raw materials used in this work are 

1. chicken Feather 

2. Polyester resin 

3. Methyl Ethyl Ketone Peroxide 

4. Cobalt 

 

 

2.1.1. Chicken Feather 

           

                Chicken feather is collected  from the 

poultry farms. It is the waste of chicken which are 

cleaned well. After the washing process the chicken 

features were rinsed and leftto dry for 24 hours 

under normal room temperatures.  and dried in sun 

light. The dry feathers are cut into short fibers.  

 

2.1.2. Polyester resin 

 

Softener (Araldite LY 556) made by CIBA GEIGY 

limited having the following outstanding properties 

has been used as the matrix material. 

a. Excellent adhesion to different materials. 

b. High resistance to chemical and atmospheric 

attack. 

c. High dimensional stability. 

d. Free from internal stresses. 

e. Excellent mechanical and electrical properties. 

f. Odourless, tasteless and completely nontoxic. 

g. Negligible shrinkage. 

 

2.1.3. Hardener 

 

  In the present work hardener (HY951) is used. This 

has a viscosity of 10-20 MPa at 25ºc. 

 

2.2. SPECIMEN PREPARATION 

Preceding the composite assembling, the CFF tests 

were adapted for 48 hours at 65% RH and 20°C [9]. 

The fiber straight thickness esteems were resolved as 

per ASTM D1577 [10] and the elastic properties of 

the filaments were resolved as per ASTM D3822 [11]. 

The composites were created with various fiber 

loadings (0%, 2.5%, 6% and 10%). At first, polyester 

resin was blended in Gobalt utilizing a blender in a 

bowl after the polyester, resin was additionally 

arranged independently. The grid materials were set 

up in a segment of 73% of resin framework and 23% 

of hardener by volume. At that point, the strands 

were spread into shape and secured with the grid. 

The composites were made by utilizing a hand lay up 

method with size form of 300 mm length x 300 mm 

width x 20 mm thickness. The composites were kept 

for 24 hours at room temperature and along these 

lines put in a broiler for 8 hours at 80°C for restoring. 

The control and the CFF strengthened composites 

were assessed as per ASTM D3039/D3039M (Tensile 

Properties of Polymer Matrix Composite Materials), 

EN ISO 14125 (Fibrereinforced plastic composites-

Determination of flexural properties), and EN ISO 

179-1 (Determination of Charpy impact properties). 

2.3.HAND LAY –UP METHOD 
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       Hand expose up is a open molding method 

appropriate for making a wide assortment of 

composites items including: pontoons, tanks 

bathware, lodgings, truck/auto parts, engineering 

items and numerous different items extending from 

extremely little to exceptionally enormous. 

Generation volume per form is low; be that as it may, 

it is possible to deliver generous creation amounts 

utilizing various molds. Straightforward, single-pit 

molds of fiberglass composites development are 

commonly utilized. Molds can run from 

exceptionally little to huge and are ease in the range 

of delicate composites molds. Gel coat is first applied 

to the shape utilizing a splash weapon for a great 

surface. At the point when the gel coat has restored 

adequately, move stock fiberglass fortification is 

physically put on the form. The cover tar is applied 

by pouring, brushing, showering, or utilizing a paint 

roller. FRP rollers, paint rollers, or squeegees are 

utilized to merge the cover, completely wetting the 

support, and expelling ensnared air. Ensuing layers of 

fiberglass support are added to manufacture cover 

thickness (Fig 2.1). Easiest strategy offering minimal 

effort tooling, straightforward preparing and wide 

scope of part estimates are the significant focal points 

of this procedure. Configuration changes are 

promptly made. There is a base interest in gear. With 

gifted administrators, great generation rates 

predictable quality is realistic. 

 

III. RESULTS & DISCUSSIONS 

 

This paper presents the mechanical properties of the 

chicken  reinforced polyester composites prepared 

for this present investigation. Details of processing of 

these composites and the tests conducted on them 

have been described in the previous chapter. The 

results of various characterization tests are reported 

here. This includes evaluation of tensile strength, 

flexural strength, impact strength and micro-

hardness has been studied and discussed.  

 

 

 

3.1. Mechanical Characteristics of Composites 

                 The portrayal of the composites uncovers 

that the fiber content is having critical impact on the 

mechanical properties of composites. The properties 

of the composites with various fiber substance under 

this examination are introduced in Table 3.1. 

 

Table 3.1 Mechanical properties of the composites 

 

3.2. DISCUSSIONS 

 

3.2.1. Effect of Fiber content on Micro-hardness 

 

The deliberate hardness estimations of all the four 

composites are introduced in Figure. It tends to be 

seen that the hardness is diminishing with the 

expansion in fiber content upto 60%. Anyway 

further increment in fiber content builds the smaller 

scale hardness esteem. 

 

3.2.2. Effect of Fiber content on Tensile Properties 

 

The test results for rigidities and moduli are appeared 

in Figures 4.2 and 4.3 individually. It is seen that the 

rigidity of the composite increments with increment 

in fiber substance. There can be two purposes behind 

this expansion in the quality properties of these 

composites thought about. One plausibility is that 

the concoction response at the interface between the 

filler particles and the network might be too solid to 

even think about transferring the elastic. From 
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Figure 4.3 plainly with the expansion in fiber 

content the malleable moduli of the chicken 

strengthened polyester composites increments bit by 

bit. 

 

3.2.3. Effect of Fiber contents on Flexural Strength 

 

Figure 4.4 shows the correlation of flexural qualities 

of the composites acquired tentatively from the 

curve tests. It is intriguing to take note of that 

flexural quality increments with increment in fiber 

content. 

 

3.2.4. Effect of Fiber contents on Impact Strength 

 

The effect vitality estimations of various composites 

recorded during the effect tests are given in Table. It 

demonstrates that the protection from sway stacking 

of coconut chicken fortified polyester composites 

improves with increment in fiber substance as 

appeared in Figure4.5. High strain rates or effect 

burdens might be normal in many building 

utilizations of composite materials. The 

reasonableness of a composite for such applications 

ought to in this manner be resolved by regular plan 

parameters, however by its effect or vitality retaining 

properties. 

 
Figure 4.1 Effect of fiber content on micro-hardness 

of the composites 

 

X-Axis-Fibercontent  90%,80%,70%,60%      

respectively 

Y-Axis   -Micro Hardness 

 

 
Figure 4.2 Effect of fiber content on tensile strength 

of composites 

X Axis  - specimens 

Y Axis  - Tensile strength in MPa. 

 
Figure 4.4 Effect of fiber content on flexural strength 

of composites 

X Axis- Specimens 

Y Axis- Flexural strength in Mpa  
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Figure 4.5 Effect of fiber content on impact strength 

of composites 

 

X Axis- Specimens 

Y Axis – Impact strength in KJ/m2 

 

IV. CONCLUSION 

 

This trial examination of mechanical conduct of 

coconut chicken fortified polyester composites 

prompts the accompanying ends:  

 

This work shows that fruitful manufacture of a 

chicken fortified polyester composites with various 

fiber substance is conceivable by straightforward 

hand lay-up strategy. It has been seen that the 

mechanical properties of the composites, for example, 

smaller scale hardness, elasticity, flexural quality, 

impact quality and so on of the composites are 

additionally enormously affected by the fibre 

substance. 
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ABSTRACT 
 

Plant based medicines are understood and widely accepted as alternative therapies for many diseases. The 

present work investigated the antioxidant and antihemolytic properties of extracts of Triticum aestivum 

(wheatgrass) have been analyzed and quantified for the phytochemical constituent’s such as total phenolics, 

tannins, and flavonoid contents. High–performance liquid chromatography revealed the presence of many 

phytoconstituents with medicinal value. Antioxidant  and RSA was determined by in vitro assays such as 

hydrogen peroxide, nitric oxide, 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging and total 

reductive ability. These results proved to be promising and were confirmed by its ability to mitigate free 

radical induced erythrocyte damage.  

Keywords : Green grass, antioxidant, antihemolytic, Triticum aestivum, phytochemical, free radical damage, 

erythrocytes. 

 

I. INTRODUCTION 

 

Noxious dietary patterns and sedentary lifestyle 

practices (smoking, consumption of alcohol, 

prolonged exposures to harmful UV rays, ionizing 

radiations, etc.) have shown to cause pathological 

damage in the body’s cells and tissues resulting in 

deleterious impacts1. This causes a morbid stress in 

the body, leading to the generation of unstable free 

radicals 2,3,4. These free radicals, by the virtue of their 

chemical properties, tend to be highly reactive so as 

to pair up with other molecules, atoms or even a 

single electron in order to achieve the state of 

stability. They get involved in a variety of chemical 

reactions in the body such as hydrogen abstraction, 

termination, addition, disproportionation, etc., to 

reach a more “bound” state, leading to the utilization 

of more free molecular oxygen, causing to what is 

known as “oxidative” stress in the body3. 

 

Free radicals induced damage in the biological 

systems is most clearly comprehended using blood as 

http://ijsrcseit.com/
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a promising model5. Blood being the fluid connective 

tissue of the body becomes easily susceptible to this 

damage due to free radical induced physico chemical 

damage of RBC membranes leading to hemolysis6, 

which subsequently creates an “oxygen” deficit 
condition in the body leading to hypoxia and related 

chronic ailments like cancer, diabetes, neurological 

damages and cardiovascular diseases4. 

 

Traditional herbal medicines, today have been 

shown to act as what is called “alternate medicines”, 
due to their less toxic and multi-targeted potential in 

the body6. They are a repository of a widespread 

amount of antioxidants, which can be used to the 

development of what is known as “novel” drugs7. 

The present work is one such attempt to look at the 

protective effect of wheat grass against free radical 

induced erythrocytic. Wheatgrass being an herbal 

medicine, is known to have attracted the attention of 

the society for the prevention of many diseases8. 

 

Triticum aestivum (wheat grass) (commonly known 

as bread wheat) is one of the most abundantly grown 

wheat specie in the world. Triticum ae sp. belongs to 

the family Poaceae9. The plants of this family are all 

monocots, primarily grasses. Some commonly found 

plant species belonging to this family include 

Cynodon dactylon, Poa annua, Zea mays, etc. (North 

American Range Plants, James L. Stubbendieck, 

Stephan L. Hatch, Charles H. Butterfield) 10. 

Wheatgrass is generally grown throughout the year 

and is most commonly seen to propagate in almost all 

regions of the world. Fifteen to twenty species of 

wheatgrass have been documented, of which  have 

been reported to occur in India11. 

 

Wheatgrass is a good pool of mineral nutrients. It is a 

rich repository of iron, phosphorus, magnesium, 

manganese, copper & zinc13. Wheatgrass is an 

excellent headspring of tocopherols with other 

phytochemical compounds11. It helps to trigger 

metabolic activities, maintains the alkalinity, and 

hence reducing the over-acidity in the blood. It also 

aids in reinstating the healthy cells by acting as a 

detoxifier12. They tend to possess various antioxidant 

potentials and thus is seen to inactivate many free 

radical induced damages in the human body14. 

Typically, wheatgrass is shown to be a house of - 

reducing sugars, anthraquinones, saponins, 

flavonoids, tannins, alkaloids, terpenoids, and 

phenolics, which help majorly in antioxidant 

activities15. It’s said to have anticancer activities 
according to the Traditional system of medicines9. 

 

Wheat grass has shown to be a promising modal for 

curing a variety of diseases16. Its juice is being proved 

to be hypolipidemic17 hypoglycemic 18 

hepatoprotective 19 in rat models and the 

chemopreventive action of wheat grass 20. Pilot 

studies to a considerable extent were performed on 

human models wherein wheat grass juice was found 

to reduce transfusion requirements in patients with 

thalassemia major 21.Also, the plant has been shown 

to be 22 (through a randomized,double bind,placebo-

controlled study of the plant against spirulina) an 

effective protectant  against lipid peroxidation. It also 

has a major role in curing active distal ulverative 

colitis by tests performed on controlled trials 23 . 

Works on human chronic myeloid leukemia cells 

lines revealed the antiproliferative and apoptotic 

activities of the plant 24 .The plant juice has to a 

certain extent been proven to improve the 

hematological conditions in patients with breast 

cancer 25    .  It has shown to have the property of 

optimizing blood sugar levels and so has been 

examined to prove its effectiveness in curing diabetes 

mellitus26. Quantitative assays performed on the 

plant revealed that a particular chemical called MPa 

(methylpheophorbide a), has potent abilities in 

curing cancer 27. Acute oral toxicity levels for the 

plant was being demonstrated, revealed a significant 

no mortality results in Swiss Albino mice trials with 

a dosage of 2000 mg/kg seen for 14 days 28 . All these 

results have shown that the plant has a significant 

pharmacological benefit and thus can be used in the 

long run to cure a variety of diseases. 
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Design of Experiments 

 

Plant Material and extraction 

 

The grass of Triticum aestivum used in the study was 

grown indoors in earthen pots filled with 2.5 inches 

of soil (3 parts) mixed with compost (1 part). 

Harvesting was done on the tenth day when the 

grass grows approximately 5-6 inches tall for further 

experimentation 29. Ethanolic extract (10% w/v) of 

wheat grass powder was prepared using the method 

of Arpita et al., 2012. wherein the freshly harvested 

grass was freeze dried in vacuum (2.4 X 10-2 mB) 

with a condenser temperature set at -490C for 6 h. 

Aqueous extracts of Triticum aestivum (AET) was 

prepared by using sequential extraction method 30 

 

Estimation of total Phenolic, Flavonoid and Tannins 

content 

Total phenolic content [TPC] expressed as milligrams 

of gallic acid equivalents [GAE] per gram of dry 

extract [mg GAE/g of dry extract], total flavonoid 

content [TFC] expressed as milligrams of rutin 

equivalents [RE] per gram of dry extract [mg RE/g of 

dry extract] and the total tannin content [TC] of both 

the individual phytoextracts were determined using 

the standard methods 30 

 

Identification and Quantification of the Polyphenols 

using HPLC 

 

Polyphenolic contents of the extract were obtained 

chromatographically by separating them on a reverse 

phase Luna 5 μm C18 (2) (100 Å, LC Column 250 x 
4.6 mm). Gallic acid, tannic acid, catechin, β 
sitosterol, rutin, quercetin, and betain (100μg/ml of 

each) were used as standard polyphenols.  

 

In vitro Antioxidant Assays: 

Hydrogen peroxide (H2O2) scavenging ability:  

 

H2O2 radical scavenging ability of the extracts was 

examined according to the method employed by 

Tuba and Gulcin 31, with few modifications. To 3.4 

ml of a plant extract and the standard antioxidant - 

ascorbic acid (dissolved at different concentrations of 

5-100 μg/ml in phosphate buffer - 50 mM, pH 7.4), 

0.6 ml of H2O2 was added and incubated at room 

temperature for 10 min. The decrease in the 

absorbance of H2O2 upon oxidation was monitored at 

230 nm spectrophotometrically against a suitable 

blank (phosphate buffer alone). BHA was used as a 

standard antioxidant, control (phosphate buffer and 

H2O2) was prepared and the percentage inhibition 

was calculated using the expression: 

 

Percentage inhibition (%) = (OD of control − OD of 
extract/OD of control) × 100  (1)  

The extracts concentration providing 50% of 

inhibition (EC50) was calculated from the graph of 

percentage inhibition plotted against extract 

concentration. 

 

Nitric oxide (NO) scavenging activity:  

NO radical scavenging abilities of plant extracts were 

assessed by using the method employed by Royer et 

al. 32.The color intensity of the chromophore formed 

as a result of diazotization of nitrite with 

sulfanilamide and subsequent coupling with 

naphthyl ethylenediamine hydrochloride was 

measured colorimetrically at 546 nm against a 

suitable blank (2 ml of H2O and 0.6 ml Griess 

reagent). Control (200 μL SNP, 800 μL H2O and 300 

μL Griess reagent) was run and the percentage 

inhibition was calculated using equation 1 

mentioned above and compared with ascorbic acid 

which is used as a standard antioxidant. EC50 values 

for the plant extracts were estimated. 

 

DPPH free radical scavenging activity 

 

Antioxidant activities of the plant extracts were 

assessed based on DPPH free radical scavenging 

activity using Blois method 33 with a few changes. 

Ascorbic acid prepared at similar concentration 

ranges like the aqueous plant extracts was used as a 

standard positive control. Percentage inhibition was 
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calculated by comparing tests with control (3 ml of 

DPPH) using equation 1. 

 

Preparation of erythrocyte suspension 

 

Blood samples from healthy male/female (non-

smoker and non-alcoholic) volunteers were collected 

into heparinized vaccuettes through venipuncture 

after taking informed consent. After a gentle swirling, 

the tubes were centrifuged at 1500 g for 10 min at 

4°C and the plasma and buffy coat were removed. 

The resulting erythrocytes were washed thrice with 

10 volumes of PBS (PBS - 10 mM having NaCl - 150 

mM, NaH2PO4 - 1.9 mM and NaH2PO4 - 8.1 mM, pH 

7.4) and centrifuged again at 1500 g for 5 min. The 

thick fluffy coat was removed with care after each 

centrifugation. Erythrocyte suspension stock of 10% 

v/v was prepared in PBS and kept at 4°C and used 

within 6 h. 

 

In vitro hemolysis assay 

 

To look at the protective antioxidant effect of the 

aqueous plant extract on the free radical induced 

oxidative damage on human erythrocytes, in vitro 

hemolysis assay was performed as adapted by Girish 

et al. 34. 

 

II. RESULTS  

 

Phytochemical Evaluation of the Aqueous Extract of 

Triticum aestivum 

 

The concentrations of the polyphenols vary 

depending on many environmental factors and the 

extraction techniques employed. Aqueous extract in 

the present study also was found to be very rich in 

different polyphenolic components, with the details 

being presented in Figure 1. 

 
Fig. 1: Evaluations of phenolic, flavonoids and tannin 

profiles of the plant extract of wheatgrass. 

 

Polyphenol quantification using HPLC 

The individual polyphenols present in the plant 

extract was characterized using HPLC with columns 

specific for separating the hydrophobic compounds 

and UV detection at 280 nm as seen in Figure 2 

below. 

 

 
Fig. 2 : HPLC chromatogram for phenolic and 

flavonoid profile of the plant extract of wheatgrass. 

 

In vitro Antioxidant Activity 

The protective antioxidant ability of the aqueous 

plant extract was estimated in terms of in vitro free 

radical scavenging activity (using H2O2 and DPPH), 

inhibition of NO production and total reductive 

ability. Details are as shown in Figures 3-5. Results of 

this proved potential free radical scavenging activity 

of the aqueous plant extracts of Triticum aestivum. 

As seen in Figure 3 below, antioxidant activity of the 

plant extract was compared with that of the standard 

antioxidant i.e., Butylated hydroxy anisol (BHA); the 
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inhibition rate is similar at 25 μg/ml. Although a 
larger difference is seen at 5 μg/ml, it is well within 
the range. The overall inhibition percentage of AET 

is seen to be similar to BHA, thus showing that the 

H2O2 radical scavenging activity of AET is similar to 

that of a standard antioxidant. 

 

 
Fig. 3: H2O2 Radical Scavenging Activity 

 

DPPH free radical scavenging activity of AET was 

measured using ascorbic acid as a positive control. 

Figure 4 represents the inhibition percentage of 

ascorbic acid and AET at different concentrations. It 

can be seen from the figure that, AET has a similar 

DPPH radical scavenging activity as ascorbic acid, 

thus proving that AET has valuable free radical 

scavenging activity. 

 

 
Fig. 4: DPPH Radical Scavenging Activity 

 

A colorimetric assay was performed, to measure the 

NO radical scavenging activity of AET using ascorbic 

acid as a control. As seen in Figure 5, the results of 

the assay show that NO radical scavenging activity of 

AET is similar to that of a standard antioxidant.  

 

Fig. 5: NO Radical Scavenging Activity 

 

In vitro Antihemolytic Activity 

Aqueous plant extract was tested for its 

antihemolytic efficacy. This study showed the 

antihemolytic ability of the aqueous plant extract. 

Data interpreted in Figure 6 indicated that the 

aqueous plant extract prevents H2O2 induced 

hemolysis. 

 

 
Fig. 6: Antihemolytic Activity 

 

III. CONCLUSION 

 

Free radical induced erythrocytic damage can be 

prevented through antioxidant and antihemolytic 

activity.  In an attempt to curb such damage, 

properties of Triticum aestivum was explored. The 

present work clearly depicts that the plant Triticum 

aestivum is a rich repository of phytocompounds. 

These phytocompounds have been shown to be 

essential in scavenging free radicals and thus helping 

maintain the healthy cells in the body. HPLC 

analysis of the plant has shown the presence of a 

high concentration of polyphenols. In vitro 

colorimetric assays have proved that the plant has 

valuable antioxidant and antihemolytic properties. 

This has also paved way for further research on the 

therapeutic efficiency of T. aestivum against 

oxidative damage of not only blood but also other 

tissues and organs using animal and human cell line 

models. 

 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com 

 

 21 

IV. REFERENCES 

 

[1]. Laufs U, Wassmann S, Czech T, Münzel T, 

Eisenhauer M, Böhm M,  Nickenig G. Physical 

inactivity increases oxidative stress, endothelial 

dysfunction, and atherosclerosis. Arter. 

Thromb. Vasc. Biol. 2005; 25(4): 809-814. 

[2]. Niki E, Komuro E, Takahashi M, Urano S, Ito 

E, Terao K. Oxidative hemolysis of 

erythrocytes and its inhibition by free radical 

scavengers. J. Biol. Chem. 1988; 263(36): 

19809-19814. 

[3]. Wu D, Cederbaum A I. Alcohol, oxidative 

stress, and free radical damage. Alcohol Res 

Health. 2003; 27: 277-284. 

[4]. Aruoma O I. Free radicals, oxidative stress, and 

antioxidants in human health and disease. J. 

Am. Oil Chem.' Soc. 1998; 75(2): 199-212. 

[5]. Julia P L, Buckberg G D, Acar C, Partington M 

T, Sherman MP. Studies of controlled 

reperfusion after ischemia. XXI. Reperfusate 

composition: superiority of blood cardioplegia 

over crystalloid cardioplegia in limiting 

reperfusion damage--importance of 

endogenous oxygen free radical scavengers in 

red blood cells.  J Thorac Cardiovasc Surg. 

1991; 101(2): 303-313. 

[6]. Nagara B, District M. Antioxidant Activity of 

Indian Medicinal Plants. Indian J Nutr Diet. 

2014; 51: 39.  

[7]. Pourmorad F, Hosseinimehr SJ, Shahabimajd 

N. Antioxidant activity, phenol and flavonoid 

contents of some selected Iranian medicinal 

plants. Afr. J. Biotechnol. 2006; 5(11): 1142-

1145. 

[8]. Mujoriya R, Bodla  R. A study on wheat grass 

and its Nutritional value. Food Science and 

Quality Management.2011; ISSN 2225-0557  

[9]. Ashok SA. Phytochemical and pharmacological 

screening of wheatgrass juice (Triticum 

aestivum L.). Int J Pharm Sci Rev Res. 2011; 

9(1): 159-164.  

[10]. Stubbendieck J,  Hatch SL,  Kjar KJ. North 

American range plants. University of Nebraska 

Press; 2nd ed. edition (August 1, 1982)  

[11]. Sharma S, Shrivastav VK, Shrivastav A, 

Shrivastav BR,  Dwivedi L. Therapeutic 

Potential Of Wheatgrass (Triticum Aestivum) 

Against Oxidative Stress By Platinium 

Containing Drugs During Cancer 

Chemotherapy: A Future Prospective. IMAJ. 

2013; 1(5):  1-5 

[12]. Singh N, Verma P, Pandey BR. Therapeutic 

potential of organic Triticum aestivum 

linn.(wheat grass) in prevention and treatment 

of chronic diseases: An overview. Int. J. Pharm. 

Sci. Drug Res. 2012; 4(1): 10-14. 

[13]. Plaza L, de Ancos B, Cano PM. Nutritional and 

health-related compounds in sprouts and seeds 

of soybean (Glycine max), wheat (Triticum 

aestivum. L) and alfalfa (Medicago sativa) 

treated by a new drying method. Eur Food Res 

Technol. 2003; 216(2): 138-144. 

[14]. Liyana Pathirana CM, Shahidi  F. 2006. 

Antioxidant properties of commercial soft and 

hard winter wheats (Triticum aestivum L.) and 

their milling fractions.  

[15]. J. Sci. Food Agric. 2006; 86(3): 477-485.  

[16]. Padalia S, Drabu S, Raheja I, Gupta A. Dhamija 

M. Multitude potential of wheatgrass juice 

(Green Blood): An overview. Chron. young sci.  

2010; 1(2): 23.  

[17]. Kothari S. Jain A. K. Mehta S. C.  Tonpay S. D. 

Hypolipidemic effect of fresh Triticum 

aestivum (wheat) grass juice in 

hypercholesterolemic rats. Acta Pol Pharm. 

2011; 68(2) :291-294. 

[18]. Shaikh M, Quazi  M, Nandedkar R. 

Hypoglycemic Effect Of Wheatgrass Juice In            

Alloxan Induced Diabetic Rats. Pharma Tutor. 

2011. 

[19]. Jain G,  Argal. Hepatoprotective potential of 

young leaves of Triticum Aestivum Linn. 

Against CCl4 induced hepatotoxicity. Int. J 

Pharm Sci Rev Res .2014; 5(11): 4751. 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com 

 

 22 

[20]. Arya, Priyanka, Madhu K. Chemoprevention 

by Triticum aestivum of mouse skin 

carcinogenesis induced by DMBA and croton 

oil-association with oxidative status. APJCP. 

2011; 12 (1): 143-148. 

[21]. Marwaha RK, Bansal D, Kaur S, Trehan A. 

Wheat grass juice reduces transfusion 

requirement in patients with thalassemia 

major: a pilot study. Indian Pediatrics. 2004; 

41(7):  716-720. 

[22]. Shyam R, Singh SN, Vats P,  Singh VK,  Bajaj 

R, Singh SB, Banerjee  PK.Wheat grass 

supplementation decreases oxidative stress in 

healthy subjects: a comparative study with 

spirulina. J Altern Complement Med. 2007; 

13(8): 789-792. 

[23]. Ben-Arye E, Goldin  E, Wengrower D,  

Stamper A,  Kohn R, Berry E. Wheat grass 

juice in the treatment of active distal ulcerative 

colitis: a randomized double-blind placebo-

controlled trial. Scand J Gastroenterol. 2002; 

37(4): 444-449. 

[24]. Aydos OS, Avci A,  Özkan T, Karadağ A, 
Gürleyik  E, Altinok B, Sunguroğlu A. 
Antiproliferative, apoptotic and antioxidant 

activities of wheatgrass (Triticumaestivum L.) 

extract on CML (K562) cell line. Turk J Med 

Sci, 2011; 41(4):657-663. 

[25]. Bar-Sela G, Tsalic M,  Fried G, Goldberg H. 

Wheat grass juice may improve hematological 

toxicity related to chemotherapy in breast 

cancer patients: a pilot study. Nutr Cancer. 

2007; 58(1): 43-48. 

[26]. Ashok Anup. Phytochemical and 

pharmacological screening of wheatgrass juice 

(Triticumaestivum L.)  Int J Pharm Sci Rev 

Res.2011; 9(1):  159-164. 

[27]. Priyabrata D, Suvra M, Sudeshna G, Kalipada 

D,  Arpita G M, Swati D, Soma A M. 

Antioxidative and anticarcinogenic activities of 

methylpheophorbide a, isolated from wheat 

grass (Triticum Aestivum Linn.). Nat Prod Res. 

2016; 30:4, 474-477. 

[28]. Priyabrata D, Soma M,  Suvra M, Abhijit C, 

Amartya P, Nirmal  K S, Ashish M. Acute 

toxicity test of a natural iron chelator and an 

antioxidant, extracted from Triticum aestivum 

Linn. (Wheat grass). Nat Prod Res. 2014; 28(17) 

1379-1382. 

[29]. Kothari S, Jain, AK, Mehta, SC, Tonpay SD. 

Effect of fresh Triticum aestivum grass juice on 

lipid profile of normal rats. Indian J. 

Pharmacol. 2008; 40(5): 235. 

[30]. Hebbani AV, Jamadagni MS, Chaitra M, 

Purnachandra KR,  Singh A, Jyothy P, Pragathi 

V. Evaluation of In Vitro Radical Scavenging 

and Antihemolytic Efficacy of a Polyherbal 

Combination Prepared from Traditional Blood 

Purifiers. IJCRBP. 2016; 3(4):56-63. 

[31]. Hebbani AV, Reddy VD,  

Nallanchakravarthula V. In Vitro Anti-

hemolytic Activity of Terminalia arjuna 

(Roxb.) Wt. & Arn. Bark Powder Aqueous 

Extract.  

[32]. Indian J Adv Chem Sci. 2014; 3:102-108. 

[33]. Ak T, Gülçin İ. Antioxidant and radical 
scavenging properties of curcumin. Chem.-

Biol. Interact. 2008; 174(1): 27-37. 

[34]. Royer M, Diouf PN.  Stevanovic T. Polyphenol 

contents and radical scavenging capacities of 

red maple (Acer rubrum L.) extracts. Food 

Chem Toxicol. 2011; 49(9): 2180-2188. 

[35]. Fu W, Chen J, Cai Y, Lei Y, Chen L, Pei L,  

Zhou D, Liang X, Ruan J.  Antioxidant, free 

radical scavenging, anti-inflammatory and 

hepatoprotective potential of the extract from 

Parathelypteris nipponica (Franch. et Sav.) 

Ching. J Ethnopharmacol.  2010; 130(3): 521-

528. 

[36]. Girish TK, Vasudevaraju P, Rao UJP. 

Protection of DNA and erythrocytes from free 

radical induced oxidative damage by black 

gram (Vigna mungo L.) husk extract. Food 

Chem Toxicol. 2012: 50(5): 1690-1696. 

 



 CSEIT194914  | Published - 21  Dec 2019 | November-December-2019 [ (4 )  9 : 23-29 ] 

 

International Conference on Innovative Research in Engineering, Management and Sciences  

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2019 IJSRCSEIT | Volume 4 | Issue 9 | ISSN : 2456-3307 

 

23 

Thermophilic and Alkalophilic Amylase from Strain Bacillus Marinus MG 12 
Dr. Asha B M1*, Dr. N Sakthivel2, Anuradha Singh3, Dr. H Ananda Vardhan4 

1* Asstistant Professor, Department of Biotechnology 
2 Professor, Department of Biotechnology, Pondicherry University 

3Department of Biotechnology, Pondicherry University 
4 Associate Professor & HOD, Department of Biotechnology 

New Horizon College of Engineering, Outer Ring Road, Marathalli, Bengaluru, Karnataka, India 

 

ABSTRACT 
 

A new bacterial strain MG12 with high amylase activity was characterized as Bacillus marinus by 

morphological characteristics, 16S rRNA sequence homology and molecular phylogeny. Maximum 

production of amylase by strain MG12 was found in pH 7.0 and 30°C with an incubation time of 48h. SDS-

PAGE and characterization of enzyme showed 57.24 KDa with highest activity at pH 8 and 55°C. The Km and 

Vmax value for the enzyme activity was found using Line weaver-Burk plot.  

Keywords : Amylase, Bacillus, SDS-PAGE, TLC, Kinetics, Specific activity 

 

I. INTRODUCTION 

 

Amylases are group of enzymes have the ability to 

degrade glycosidic linkage between linked glucose 

molecules with variety of applications in different 

industries were isolated (Gupta et al 2003, Mc Tigue 

et al.,1995). Thermophilic amylases will be useful in 

different industries (Leveque et al., 2000). Thermo 

stability is the desired characteristics.  High 

temperature tolerant amylases are available from the 

mesophilic Bacillus licheniformis (Morgan and Priest, 

1981), Bacillus sp.ASMIA -2 (Teodoro and Martin, 

2000). Improvement in strategies to isolate amylases 

with higher amylase activity leads to the discovery of 

new  - amylases with industrial applications. The 

advantage of thermophilic   - amylases are cooling 

cost can be reduced, solubility of substrates can be 

increased, lowering of viscosity allows enhanced 

mixing and pumping and decreases the risk of 

contamination. The wide range of amylases are 

acidophilic or neutral. But detergent industry is in a 

greater need of alkalophilic amylases. 

Present study we have isolated and characterized a 

novel thermophilic alkaline - amylase producing 

bacteria designated as MG 12  

 

II. Material and Methods 

 

Microorganism: 

In order to isolate amylolytic bacteria, soil samples 

were collected from the Pichavaram mangrove forest 

located near Chidambaram, Tamil Nadu. To isolate 

extracellular amylase producing bacteria, 1g of soil 

suspension was dissolved with 100ml saline water. 

Deca times dilutions of soil suspension were plated 

onto amylase agar, which contain all the components 

described in Asha eta al 2012 with Starch soluble 

0.2%, agar 1.5% at neutral pH was incubated for 72h 

at 30˚C and observed for zone of inhibition 

surrounding the bacterial colony due to amylase 

activity. Using Lugols iodine amylase producing 

colonies were selected. The physical, morphological 

and biochemical characterization of strain was 

determined based on Senath et al., 1986. 16srDNA 

http://ijsrcseit.com/
http://ijsrcseit.com/
http://en.wikipedia.org/wiki/Chidambaram
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sequencing was done to construct phylogenetic tree 

to find the strain. 

Optimization of media for the enzyme production: 

Initially the organism was incubated in 1% starch, 

0.05% MgSO4.7H2O, 0.02% 0MgCl2.6H2O, 0.1% 

K2HPO4 at pH 7.0 and 300C for 48h. The influence of 

different pH values (5-10) and temperature (25- 400C) 

for  - amylase production was investigated.  

Optimization parameters were set based on Asha etal 

2012. 

Enzyme Assay 

The assay was done by Bernfeld method at 500C. 

Protein Estimation: 

Lowry Method with BSA as standard used for protein 

concentration calculation (Lowry et al., 1971) 

Fermentation media, culture conditions and 

Purification of enzyme: 

Enzyme was produced using compositions 1.5% 

starch, 0.75% Yeast extract, 0.5% 0MgSO4. 7H2O, 

0.2 %MgCl2.6H2O, 1.0 % K2HPO4    at pH 7.0 and 300C   

for 30h.  Centrifugation has been done to collect 

supernatant at 15000g for 20min and was used for 

further studies. 

 

 

 

 

Salt precipitation: 

80% (w/v) Ammonium sulphate precipitation was 

done and kept at 40C for 12hand the procedure was 

as same as Asha et al 2012.  

Size exclusion chromatography and HPLC 

Size exclusion chromatography and HPLC was done 

same as in Asha eta al. 2012. 

Determination of molecular mass 

The purified enzyme molecular weight was 

measured by performing the procedure of   Laemmli 

(Laemmli, 1970). 

Biochemical characterization of purified enzyme: 

The influence of pH and temperature on the stability 

of  -amylase was assayed by using 1.5% soluble 

starch in a range of different pH and temperature 

using the methods of Asha et al 2012.  

Influence of effectors (metal ions) on the stability of 

amylase 

The influence of 10 mM concentration of different 

metal ions Mn2+ (MnCl2), Fe3+ (FeCl3), Mg2+ (MgCl2), 

Zn2+ (ZnSO4), Cu2+ (CuCl2) and Hg2+ (HgCl2) was 

determined at 55˚C in pH 8.5 for 60 min (Miller et al. 

1959). 

Kinetics parameters determination 

The enzyme (5.58 U/ml) was treated with different 

concentration of soluble starch (0.5-3.0%) in pH 8.5 

at 55˚C.  
 

III. Results  

 

Characterization of bacterial strain: 

 

The morphological and physiological properties of 

the isolated bacteria is in (Table 1). Presence of 

Bacillus sp. was based on Bergys Manual of 

Systematic Bacteriology. By 16srDNA sequencing 

and phylogenetic tree analysis the strain was 

affiliated to Bacillus marinus. (Fig.1 & 2 ) 

 
Fig: 1.Amylolytic activity of strain MG12 on starch 

agar  plate. 

 
Fig: 2. Phylogenetic tree analysis of strain MG12 

 X68416 Bacillus licheniformis

 AF302118 Bacillus sonorensis

 X60646 Bacillus subtilis

 X60637 Bacillus pumilus

 X60643 Bacillus smithii

 D16272 Bacillus lentus

 D16273 Bacillus megaterium

 D78312 Bacillus circulans

 D78314 Bacillus firmus

 X60634 Bacillus psychrophilus

 X68415 Bacillus globisporus

 X60642 Bacillus insolitus

 AJ542506 Bacillus drentensis

 AJ542512 Bacillus novalis

 AJ542509 Bacillus vireti

 AJ542513 Bacillus soli

 AJ542508 Bacillus bataviensis

 MG12

 AJ237708 Bacillus marinus
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Table 1 Identification of microorganism 

 
Hydrolysis of polymer substrates 

  
Fermentation and production of enzyme: 

 

The result on amylase production and growth of 

strain MG 12 with 1% starch as substrate is shown in 

(Fig 1). The enzyme production and growth were 

maximum (11.66U/ml) at 30h and was gradually 

decline up to 48h (Fig 3). Readily available carbon 

sources are depleted at stationary phase and so 

effective induction of enzyme was not observed in 

this phase. (Huang et al;2003, Wanderely et al;2004). 

 -amylase production by Bacillus flavothermus, 

Bacillus amyloliquefaciens and Bacillus  sp ANT 6 

the biomass and enzyme production was increased 

double fold and highest activity was observed after 

24h (Kelly 1997.Hillier 1997,Burhan 2003).But 

incase of Bacillus subtilis AX20  highest enzyme 

activity was observed in 34-46h (Najafi et al,2005). 

 
Fig. 3 : Time course induction of amylase production 

by MG12 

 

 The microbe has minimum characteristics in acidic 

and alkalophilic conditions. The highest production 

of enzyme and bacterial growth was observed at 7.0. 

 -amylase have an optimum pH between 6.0 and 9.0 

for most of the Bacillus strain (Burhan  2003; Castro  

1993; Van-Leeuwen and Patel, 1999). In this study 

the strain MG12 showed higher activities  -amylase 

(13.89U/ml) at pH 7.0.  

 

Temperature between 250C and 350C will give 

production of enzymes (Fig 4). Even though the 

tested bacteria has the capability to grow in all the 

temperature  but maximum enzyme activity was 

attained at 300C. Different temperature range were 

reported (Bajpai and Bajpai, 1989; Burhan et al, 2003; 

Castro et al, 1992; Lin et al, 1998).In this study the 

highest growth and production of  -amylase 

(13.11U/ml) was at a temperature of 300C. 
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Fig: 4 : Influence of Temperature on enzyme 

production by MG12 

 

Starch was replaced by readily available 

carbon.Presence of starch induced the production of 

enzyme (Fig 5). All other carbon source decreased 

the production of enzyme. Glucose will suppress the 

production of enzyme (Lin et al.1998). In 1.5% 

concentration of starch the strain MG12 showed 

highest growth (11.66U/ml). 

 

 
Fig: 5. Influence of carbon sources on enzyme 

production by MG12 

 

The presence of nitrogen sources significantly 

influenced the production of enzyme. Presence of 

0.75% yeast extract showed maximum growth and 

production (13.89U/ml). Nitrogen sources like yeast 

extract and peptone usually have stimulatory effect 

on enzyme production (Forgatty and Kelly.1980; 

Hamiltton et al.1999; Hewitt and Solomons.1996). In 

the Presence of 0.2% yeast extract induced the 

production of Enzyme in Bacillus sp BKL 20(Kubrak 

et al.,2010) 

 
Fig: 6. Influence of Nitrogen sources on amylase 

production by MG12 

 

Purification and Characterization of amylase enzyme: 

     

MG12 was grown in fermentation media (1000ml) 

with all the optimized conditions for 48h.The 

supernatant was collected and partial purification by 

ammonium sulphate (80%) yielded 26.01%.  

Purification results are summarized in (Table2). 

 
Fig.7.High performance liquid chromatogram of 

amylase from strain MG12 

 

Table 2: Results of purification from strain MG12 
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The relative molecular mass of the enzyme was 

found to be 57.26kDa.   The molecular weight of 

amylase enzyme produced by the strain Bacillus sp 

YX was found to be 56kDa (Liu et al., .2008). The 

raw starch degrading enzyme from Bacillus 

amyloliquefaciens was found to be 58kDa 

(Gangadharan et al., 2009). 

 

 
Fig: 8. SDS PAGE of amylase from MG123 

 

Activity of pH tolerance of amylase enzyme 

Optimum activity was at a pH of 8.0. The activity of 

enzyme gives an inference to its alkalophilic nature. 

Alkalophilic amylase enzymes have proved several 

industrial applications. 

 

Activity of temperature tolerance of amylase enzyme 

Optimum activity at 550C at a pH of 8.0. The activity 

of enzyme gives an inference to its thermophilic 

nature. Alkalophilic and thermophilic amylase 

enzymes have proved several industrial applications. 

(Fig 9) 

 

 

 
Fig: 10. Influence of temperature on amylase activity 

 

Activity of cations and anions in amylase activity 

 

The influence of cations and anions on activity of 

enzyme was measured in 10mM concentration, and 

presence of Fe3+ ion gave more activity. This result 

indicates that the amylase enzyme produced by 

MG12 is a metalloenzyme (Fig 10). 

 
Fig: 11. Effect of metal ions in amylase activity 
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Calculation of kinetics constant 

 (Fig. 12). 

 
Fig. 12 Michaelis-Menten plot 

 

Km: 0.1327, Vmax: 17.89 and Slope: 134.815 

(Vmax/Km) 

 Km and Vmax were calculated from Lineweaver-

Burk plot using initial reaction rates for different 

soluble starch concentrations (0.5% - 3.0%) at 55˚C 
(Fig. 13). 

 

Best fit values: Slope: 0.0038 

X1 = 1.0, X2 = 0.5, Y1 = 0.0546, Y2 = 0.0527, 1/Slope (X/Y): 

263.15 

 
Fig. 13 Lineweaver-Burk plot 
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ABSTRACT 

 

Algae biomass has been recognized as a potential and promising feedstock for biodiesel production. However, 

the expenses associated with the overall downstream processing steps question the sustainability of algae 

biodiesel. With an aim to improve this, a sustainable approach has been explored using lipid extracted algae 

biomass (LEB) of Spirulina platensisas the feedstock for biogas generation. The alternate use of LEB for biogas 

generation showed the maximum biogas generation of 400 cm3/g of total solids for the total period of 70 days. 

The volume of biogas generated under the similar experimental conditions using original algae biomass as 

feedstock was in the similar range as observed with LEB. Theoptimistic results obtained from the study 

suggested that LEB can definitely be exploited for such applications to improve the overall cost economics of 

algae bio-refinery. 

Keywords : Algae, adsorbent, biogas, dye, wastewater 

 

I. INTRODUCTION 

 

The world is presently confronting the twin crises of 

fossil fuel depletion and environmental degradation. 

Indiscriminate extraction and lavish consumption of 

fossil fuels have led to reduction in underground-

based carbon resources. Developing countries are in 

critical energy crisis. The present energy scenario has 

stimulated active research interest in non-petroleum, 

renewable, and non-polluting fuels [1, 2]. 

Alternative resources to the fossil fuels have been 

sought to mitigate these issues, and various 

renewable resources have been or are being explored 

which include solar, wind, geothermal and biomass 

resources. Among these renewable, biomass energy 

derived from algae is the potential candidate which 

can be processed for energy and fuels [3, 4].Algae are 

the photosynthetic organisms which derive solar 

energy and carbon dioxide from the atmosphere to 

form their biomass [5]. They range from unicellular 

to multicellular, microscopic to gigantic kelps and 

spherical to filamentous. Algae are considered as 

good candidate for production of biodiesel due to 

several reasons like high photosynthetic effectiveness, 

rapid growth, and high biomass productivity [6, 7, 8, 

9]. Algae grow faster than fastest growing terrestrial 

plant, switch grass. The yield of algae biomass per 

acre is 200 times above as compared to the yield of 

the finest performing terrestrial plant [10]. Some 

algae species can even complete their growing cycle 

in few days [11].A lot of work can be found in 

literature dealing with the utilization of various 

waste materials, such as seed/fruit shells, crop straws, 

agricultural wastes, fruit peels, etc. for various uses. 

The production of biogas from various waste 

materials has also been investigated in many studies 

http://ijsrcseit.com/
http://ijsrcseit.com/
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reported in literature. Very little information on 

similar applications of residual algae biomass left 

after biodiesel production have been reported. A 

huge amount of residual biomass is left after oil 

extraction and transesterification. The efficient and 

eco-friendly utilization of this biomass is essential to 

overcome the problem of solid waste disposal, which 

as a result also enhances the sustainability of 

biodiesel produced.  

 

II. MATERIALS AND METHODS 

 

A. Materials 

 

The algae biomass of Spirulina platensis (ASP) in 

dried and powdered form was procured from the 

local supplier. The gas samples collected from the 

digester were analyzed using gas chromatograph 

(Agilent Technologies 7890 A Agilent GC system) 

equipped with thermal conductivity detector and 

Porapak Q column at 250oC and 25oC respectively. 

The pH of the digestor contents was determined 

using a pH meter (Systronics 802) and was 

maintained using diluted hydrochloric acid or 

sodium hydroxide. 

 

B. Methods 

 

• Pretreatment of lipid extracted algae biomass 

(LEB) 

 

For the study, the LEB which is lipid extracted algae 

biomass of Spirulina obtained after in-situ 

transesterification of algae biomass for biodiesel 

production, was utilized as a precursor feedstock for 

the generation of raw biogas.  The biomass of LEB 

was collected, washed with water with an aim to 

remove any unwanted chemicals which was 

followed by the sun drying. The LEB was then 

treated in a hot air oven for further drying, grounded 

and finally sieved (50–100 BSS mesh). The final 

product was now used as feedstock for biogas 

generation.  

 

 

 

• Experimental set-up 

 

The experimental setup consisted of three plastic 

containers (Fig. 1) 7 litres each, as batch digesters to 

carry out anaerobic digestion of the substrate for 

biogas generation. The biogas generated was 

collected and measured via water displacement 

method. The LEB collected used as a substrate for 

biogas generation. The original algae biomass (ASP) 

of Spirulina, was also used as a substrate to compare 

the findings with those obtained with LEB. The 

proximate analysis of the substrates was conducted to 

determine the volatile matter and the total solids 

present in them. The total working volume of the 

digester was maintained as 4 litres while the total 

solid content for the digestion was kept at 10%. The 

digester was initially fed with the fresh cow dung for 

starting up the digester, as cow dung has inherent 

bacteria which are essential for anaerobic digestion. 

This time period between the feeding of the digester 

with cow dung and start of smooth stable operation 

of the digester was achieved in about 25-30 days. 

After achieving the stable conditions, as indicated by 

no further generation of biogas from cow dung 

present in digester, the substrate slurry along with 

the inoculum was added to the reactor. The pH of 

the digester was maintained at 7. The inoculum 

concentration was kept at 10 % to the total working 

volume of digester. The substrate slurry was 

prepared by mixing it with water in the ratio of 

3:1(water: substrate on weight basis). The 

experiments were performed for the total period of 

70 days and the temperature of the digester was 

maintained at 35 ± 2oC with the help of heating tape. 

The gas samples were collected every 3-4 days and 

analyzed using gas chromatograph (Agilent 

Technologies 7890 A Agilent GC system) which was 

equipped with thermal conductivity detector and 

Porapak Q column at 250 oC and 25 oC respectively. 
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Fig. 1. Pictorial view of biogas reactor 

 

III. RESULTS AND DISCUSSION 

 

Table 1 shows the composition of air-dried biomass 

samples of ASP and LEB. The percentage of volatile 

solids present in both the biomass were found to be 

in considerable amounts making them quite useful 

as the substrates for biogas generation. Figure 2 

shows the comparison of variation of biogas 

generation with time (days) using ASP and LEB as 

substrates. It can be observed in both the cases that 

initially biogas production was slower but after 15 

days the generation became significant which 

continued until 45 days and then reached 

equilibrium. After the period of 45 days, the biogas 

production became stagnant due to the decrease in 

available nutrients in the medium which could 

have disturbed the growth of bacteria, thereby 

affecting the biogas production Figure 2. also shows 

that the volume of biogas generated under the 

similar experimental conditions using ASP as 

feedstock was in the similar range as observed with 

LEB. The maximum production of biogas obtained 

was 400 cm3/g of total solids for the total period of 

70 days using LEB as a substrate. 

 
Table 1. Composition of air-dried feedstock for 

biogas generation 
 

Parameters (%) ASP LEB 

Moisture 5.2 7.42 

Total solids (TS) 94.8 92.58 

Volatile solids 

(%age of TS) 

74.41 70.4 

IV. CONCLUSION 

 

The alternate use of LEB for biogas generation 

showed the maximum biogas generation of 400 cm3/g 

of total solids for the total period of 70 days. The 

volume of biogas generated under the similar 

experimental conditions using original algae biomass 

as feedstock was in the similar range as observed 

with LEB. Henceforth, summarizing the entire 

results of the study conducted it can be concluded 

that algae biomass left after lipid extraction for 

biodiesel reduction has the immense potential to be 

the alternate feedstock for biogas generation. It can 

concluded from the study that the factors 

questioning the sustainability of algae biodiesel can 

be reversed by focusing the research on utilizing the 

remaining carbon and hydrogen in the biomass for 

energy generation and secondly by extracting the 

value added products from the remaining biomass, 

thus reducing the overall downstream processing 

costs of biodiesel production and strengthening its 

economic viability. 

 
 

V. ACKNOWLEDGEMENTS 

 

Piyushi Nautiyal thanks Council of Scientific and 

Industrial Research, India for graduate fellowship. 

 

VI. REFERENCES 

 

[1]. Nautiyal, P., Subramanian, K. A., and Dastidar, 

M. G. (2014). Production and characterization 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  33 

of biodiesel from algae. Fuel Processing 

Technology, 120, 79-88. 

[2]. Becker, E. W. (1994). Applications of algae. 

Microalgae Biotechnology and Microbiology. 

[3]. Benson, D., Kerry, K., and Malin, G. (2014). 

Algal biofuels: impact significance and 

implications for EU multi-level governance. 

Journal of Cleaner Production, 72, 4-13. 

[4]. Nautiyal, P., Subramanian, K. A., and Dastidar, 

M. G. (2014). Kinetic and thermodynamic 

studies on biodiesel production from Spirulina 

platensis algae biomass using single stage 

extraction–transesterification process. Fuel, 135, 

228-234. 

[5]. Demirbaş, A. (2008). Production of biodiesel 

from algae oils. Energy Sources, Part A: 

Recovery, Utilization, and Environmental 

Effects, 31(2), 163-168. 

[6]. Demirbas, A., and Demirbas, M. F. (2011). 

Importance of algae oil as a source of biodiesel. 

Energy conversion and management, 52(1), 163-

170. 

[7]. Amaro, H. M., Guedes, A. C., and Malcata, F. X. 

(2011). Advances and perspectives in using 

microalgae to produce biodiesel. Applied 

Energy, 88(10), 3402-3410. 

[8]. Piemonte, V., Di Paola, L., Iaquaniello, G., and 

Prisciandaro, M. (2016). Biodiesel production 

from microalgae: ionic liquid process 

simulation. Journal of Cleaner Production, 111, 

62-68. 

[9]. Sheehan, J., Dunahay, T., Benemann, J., and 

Roessler, P. (1998). A look back at the US 

Department of Energy’s aquatic species 
program: biodiesel from algae. National 

Renewable Energy Laboratory, 328. 

[10]. Nautiyal, P., Subramanian, K. A., and Dastidar, 

M. G. (2016). Adsorptive removal of dye using 

biochar derived from residual algae after in-situ 

transesterification: Alternate use of waste of 

biodiesel industry. Journal of environmental 

management, 182, 187-197. 

[11]. Slade, R., and Bauen, A. (2013). Micro-algae 

cultivation for biofuels: cost, energy balance, 

environmental impacts and future prospects. 

Biomass and bioenergy, 53, 29-38. 



 CSEIT194917  | Published - 21  Dec 2019 | November-December-2019 [ (4 )  9 : 40-45 ] 
 

International Conference on Innovative Research in Engineering, Management and Sciences  

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2019 IJSRCSEIT | Volume 4 | Issue 9 | ISSN : 2456-3307 

 

40 

 

Green synthesis and Characterization of ZnO Nanoparticles using 

Sterculia Foetida Leaf extract and its Photocatalytic Activity 
K. Subashini1, V. Sujatha2, S. Prakash3 

1Department of Chemistry,  New Horizon College of Engineering Bangalore, India 
2,3Department of Chemistry, Periyar University,  Salem, India 

ABSTRACT 
 

Zinc oxide nanoparticles (ZnO NPs) were prepared using zinc nitrate and Sterculia foetida (S. foetida) leaf 

extract as fuel by solution combustion method at 400 οC. The obtained material was characterized by UV-Vis, 

FT-IR, powder X-ray diffraction (PXRD), Energy dispersive X-ray analysis (EDAX) spectroscopy and 

morphological studies were carried out by scanning electron microscopy (SEM) and transmission electron 

microscopy (TEM). The PXRD result shows that, the average size of the synthesized ZnO particles are 20.38 

nm. The band gap of the ZnO NPs was found to be 3.29 eV. The SEM image shows the ZnO NPs are spherical 

in shape and agglomerated. The photocatalytic activity of ZnO NPs was examined by degradation of 

Methylene blue (MB) under UV light irradiation. 

Keywords : ZnO nanoparticles, Methylene blue, Photocatalytic activity. 

 
I. INTRODUCTION 

 

There are many organic compounds hazardous to 

human and animals such as dyes, pesticides and 

herbicides released from various industries without 

any treatment directly in to sea, lake and river water 

leads to water pollution. Water pollution is one of 

the most significant problems in the world, since it 

has an inauspicious effect on the water living 

organisms and human health [1]. Some standard 

techniques [2] engaged for the removal of aquatic 

pollutants suffer from several drawback like more 

cost, sludge of toxic compounds, environmental 

pollution and others. The organic wastes, such as 

dyes, drugs, etc. from aqueous media are degraded 

using semiconductor materials such as zinc oxide 

(ZnO) nanoparticles by photocatalytic technique [3]. 

The band gap energy of ZnO is 3.37eV and has 

innumerable applications due to its nano and 

microstructural properties [4-6]. It has found 

propitious applications in solar cells, gas sensors, UV-

absorbers, electronic batteries, etc. [7-10] 

 

There are various techniques employed to synthesize 

ZnO nanoparticles such as hydrothermal, sol-gel, 

microwave, wet chemical method [11-13]. The 

nanoparticles synthesized using plant extracts, i.e. 

green synthesis methods are simple, eco-friendly and 

non-toxic.  C. paradise outer peel extract was used to 

synthesize ZnO nanoparticles, photocatalytic activity 

of the above ZnO nanoparticles was carried using 

methylene blue (MB) dye and it showed 56% 

degradation efficiency after 6h illumination time 

against MB dye [14]. The dye sensitized solar cells 

(DSSCs) use TiO2 as a photo anode material to 

achieve high efficiency. Recently, ZnO nanoparticles 

have been substituted in the place of TiO2 as a photo 

anode material, ZnO nanoparticles shows the 

efficiency up to 6.8% [15]. To achieve high efficiency 

in DSSCs, ZnO nanoparticles structure and size 

modification is required. 

http://ijsrcseit.com/
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The present work aims for the synthesis of ZnO 

nanoparticles using Sterculia foetida leaf extract. S. 
foetida belongs to Malvaceae family. It is found in 

Europe, Africa and Asia [16]. S. foetida has anti-

inflammatory activity as a CNS depressant [17], anti-

obesity [18], anti-fertility [19], anti-oxidant [20]. The 

synthesized nanoparticles were characterized by 

various techniques such as UV-Vis, FTIR, PXRD, 

SEM–EDAX and TEM to check the presence of ZnO 

and to know about the size of the nanoparticles. The 

photocatalytic activity was carried out using 

methylene blue (MB) in presence of UV-light, the 

degradation efficiency was noticed at various time 

intervals, decrease in absorbance with time has been 

recorded. 

                   

II. MATERIALS AND METHODS 
 

A. Chemicals Required 
 

Zinc nitrate hexa hydrate and methylene blue were 

purchased from Himedia Laboratories Pvt.Ltd with 

99% purity. 

 

 B. Preparation of leaf extract 
 
The Sterculia foetida leaves were collected from 

Bangalore, Karnataka, India. The dust particles were 

removed by washing it with water and dried in the 

absence of sun light at room temperature. Then the 

leaves were powdered mechanically using mixer 

grinder, sieved and subjected to extraction through 

Soxhlet apparatus using deionized water for 68 hours. 

The obtained aqueous solution is concentrated using 

rotary flash evaporator at 40±5 ºC under reduced 

pressure (Buchi, Flawil, Switzerland), then it is dried 

in hot air oven at 55-60ºC, from the dried crude 

extract small amount is used for the synthesis 

nanoparticles. 

 
 
C. Synthesis of ZnO nanoparticles 
 

The ZnO nanoparticles were prepared by solution 

combustion method using aqueous leaf extract of 

Sterculia foetida as a fuel. In this process 0.1g of 

crude dried aqueous leaf extract of Sterculia foetida 

and stoichiometric amount of zinc nitrate hexa 

hydrate was dissolved in 10ml of distilled water and 

constantly stirred for 10 minutes to get homogeneous 

mixture. This reaction mixture was kept in a muffle 

furnace for 10 minutes maintaining the temperature 

of the muffle furnace at 400±10ºC. The material was 

removed from muffle furnace, cooled to room 

temperature and the obtained dirty white colored 

powder sample was stored in airtight container till 

further usage [21]. 

 
D. Characterization 
 
The UV-Visible spectrum of the synthesized ZnO 

NPs was measured by UV-2301 (Techcom) 

spectrometer. FT-IR spectrum was recorded organic 

and inorganic constituents in wavelength ranging 

from 500-4000 cm-1 using IS5 (Thermo Fisher). 

EDAX analysis was carried out in OXFORD XMX N. 

PXRD was done in a Panalytical X’pert pro MPD Cu-

Kα using nickel filter (1.541Å). SEM analysis of 

synthesized nanoparticles was carried out by 

(TESCANVEGA3) instrument. The exact size of the 

nanoparticles was found through TEM 

(Jeol/JEM2100) instrument. The photocatalytic 

activity was done under UV light and the absorbance 

was measured.  

 
E. Photocatalytic activity 
 
The dye methylene blue was taken for the 

Photocatalytic activity study of the ZnO NPs 

synthesized using the leaf extract of Sterculia foetida. 

In this degradation process, 15 mg of ZnO 

nanoparticles was added to 10 mL dye solution of 

methylene blue. At a wavelength of 660 nm, the 

absorbance spectrum of the solution was monitored 

at different time intervals by using UV-Visible 

spectrometer. 
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III. RESULTS AND DISCUSSION 
 

The UV peak was observed at 300 nm for ZnO 

nanoparticles, phytochemical constituents present in 

the Sterculia foetida leaf extract acts as an reducing 

agent during the formation of zinc oxide 

nanoparticles. The broad absorption peak at 300 nm 

indicates the reduction of Zn2+ ions that is confirmed 

the formation of zinc oxide nanoparticles portrayed 

in Figure-1a. The FT-IR spectrum was recorded for 

Sterculia foetida leaf extract mediated green 

synthesized ZnO NPs given in Figure-1b. The broad 

peak at 3350 cm-1 and 2800 cm-1 shows the stretching 

vibrations of N-H groups, which indicates the 

presence of amino group [22]. The peak at 1650 cm-1 

assigned for the asymmetric stretching vibration of 

metal chelated carboxylic groups. The peak observed 

at 1300 cm-1 assigned for the asymmetric and 

symmetric stretching vibration of –CH3 groups. The 

peak observed at 800 cm-1 confirms the presence of 

compounds such as poly phenols, carboxylic acid, 

amino acid and protein [23]. The Powder X-ray 

diffraction spectroscopy (PXRD) also confirms green 

synthesized ZnO NPs using Sterculia foetida leaf 

extract shown in Figure-2. The perceived reflection 

lines around at 2θ=31.8°, 34.47°, 36.25°, 47.4°, 56.6° 

and 68.0° were assigned to (100), (002), (101), (102), 

(110) and (103) respectively. In addition, the average 

crystallite size of ZnO NPs was calculated using the 

Debye-Scherrer formula [24]. 

D=kλ/βcosθ 

 

Where D,  k, λ, θ and β are crystalline size, shape 
factor, wavelength of the X-ray beam, diffraction 

angle and full width half maximum (FHHM) of the 

peak respectively. The calculated crystallite size was 

found to be 20.38 nm. 

 
Figure-1a.UV-Vis spectrum of ZnO NPs 

 
Figure-1b.FT-IR Spectrum of ZnO NPs 

 

 
Figure-2.PXRD analysis of ZnO NPs 

 

The EDAX spectra of green synthesized ZnO NPs 

using S. foetida leaf extracts are shown in Figure-3. 

The zinc and oxygen peaks present in the EDAX 

spectrum confirms the formation of ZnO NP. The 

involvement of phytochemical groups was indicated 

by the carbon peak [25]. The SEM images are shown 

in Figure-4, synthesized  ZnO NPs are spherical in 

shape and they have shown a number of aggregations 
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of nanoparticles due to binding with plant extracts. 

TEM images are shown in Figure-5 which also 

portrayed the shape of the nanoparticles were in 

spherical with the size in range of 20-51 nm [26]. 

 
Figure-3. EDAX spectrum of ZnO NPs 

 
Figure-4 SEM image of ZnO NPs 

 
Figure-5 TEM  morphological images of ZnO NPs 

 

 
Figure-6.Photocatalytic activity of ZnO NPs for the 

degradation of methylene blue dye 

 

Methylene blue (MB) dye was taken to evaluate the 

photocatalytic activity of green synthesized ZnO NPs 

using S. foetida leaf extracts. The absorption spectra 

of MB solutions in the visible light was recorded and 

shown in Figure-6. The absorption peak of MB was 

appeared at 660 nm. The peak becomes weaker as the 

irradiation time increases this indicates the 

degradation of the dye molecules in the aqueous 

solution. The degradation efficiency of the 

synthesized ZnO NPs against MB is calculated by 

using the following formula [27]. 

 

Degradation Efficiency %=Co-C/Cox100=Ao-

A/Aox100 Co is the initial concentration of the dye in 

the aqueous solution at the time t=0; C is the residual 

concentration at time t. Relative absorbance=A/Aο, 

the initial absorbance of the dye solution was 

represented as Aο and the absorbance after UV 

irradiation was represented as A. 

 

IV.  CONCLUSION 

 

The solution combustion method has been 

successfully employed for the synthesis of ZnO NPs 

using Sterculia foetida leaf extract. The UV-peak 

observed at 300 nm confirmed the formation of ZnO 

NPs. The crystallite size of ZnO NPs was found to be 

20.38 nm through PXRD. The agglomeration of ZnO 

NPs was found in SEM images. TEM images confirm 

the size of ZnO NPs are in the range of 20-51 nm. 

The degradation efficiency of green synthesized ZnO 
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NPs against methylene blue exposed their 

remarkable photocatalytic property. 
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ABSTRACT 

 

This experimental study deals with utilization of brick masonry and concrete waste in preparation of cement 

stabilized masonry block(CSMB). Brick masonry waste and concrete waste are crushed into granular form and 

designated as brick powder (BP) and fine recycled concrete aggregate (FRCA) respectively. BP and FRCA are 

used in 70:30 proportions and cement content is varied as 6%, 8%, and 10%. The static compaction method is 

used to fix the optimum water content as 16% for all the three mixes.  The size of the CSMB units is 

190×90×90 mm and it is tested for dry density, wet compressive strength, water absorption and rate of 

moisture absorption. Correction factors reported in the literature are used to arrive at uniaxial compressive 

strength. The compressive strength of CSMB units of size 190x90x90 are found to be in excess of 3.5MPa, 

except for 6% cement content, with correction factor = 0.58. A simple equation is proposed to compute the 

representative 28 days wet compressive strength of CSMB units without correction factors as f = 0.8 C, with C 

as % of cement in the mix. The water absorption of CSMB units are within permissible limit of 18%.  The rate 

of moisture absorption of the units is found to follow an exponential trend. Nearly 50% of absorption is found 

to take place in the first 30 mins of soaking. To study the influence of size, CSMB units of size 290x190x90 

mm with 8% cement are cast and wet compressive strength is determined on the cubes 70 mm and 90 mm cut 

from the CSMB units 290x190 x90 mm, as well as, on the units also. The 70 mm and 90 mm cube samples cut 

from CSMB units show a decrease of 32% and 35% in wet compressive strength when compared with 70.6 

mm cube samples cast from the same mix. The 28 days wet compressive strength of CSMB units 290 x190 x90 

mm with aspect ratio as 0.47 is about 70% more than the strength attained with units 190 x90x90 mm with 

aspect ratio as 1.0.  

Keywords : Concrete and brick masonry waste, Cement Stabilized Masonry Blocks (CSMB), Fine recycled 

concrete aggregate (FRCA), Brick powder (BP) 

 

I. INTRODUCTION 

 

Recycling of construction and demolition waste 

(C&D) and using in civil engineering applications is a 

way forward to achieve sustainable construction, as 

it reduces consumption of natural resources and 

minimizes landfill. Concrete and brick masonry 

waste constitutes a major portion of C&D waste in 

India. It is widely accepted that recycled concrete 

aggregates can be utilized in concrete mixes as 

numerous experimental studies demonstrate its 

reliability. Recycling of brick masonry waste has not 

driven much attention of the researchers as very few 

studies are available in the literature. These studies 

are focused on the production of concrete mixes with 

brick masonry waste being used as a partial 

http://ijsrcseit.com/
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replacement for aggregates [1, 2, 3, 6] and cement [4, 

5, 6].  It has been observed that the low unit weight 

and higher water absorption, limits the usage of 

brick waste in the concrete mixes [1, 3, 6, 7]. Poon 

and Chan [8], concluded the use of 25% crushed clay 

brick satisfies the compressive strength requirements 

for Grade B paving blocks as prescribed by ETWB of 

Hong Kong for the trafficked area. Sadek [9] has 

prepared a solid cement bricks of different grades 

using brick aggregates for load bearing and non-load 

bearing units 

Hypothesis and objectives 

The authors of the present study is of the opinion 

that both concrete and masonry waste can be utilized 

for the production of masonry units by using the 

techniques adopted for SSB. In view of the 

experimental evidence outlined in the literature [10-

19] with respect to suitable grading and composition 

of the soil for making SSB, the authors of the present 

study consider BP recovered from the brick masonry 

waste has the potential for making blocks suitable for 

masonry. The masonry waste cannot be easily 

recovered as pure brick powder, due to the presence 

of adhered mortar on its surfaces. Hence, during the 

process of recycling masonry waste, it is natural to 

expect that the recovered material will consist of 

brick powder, as well as, a finer fraction of adhered 

cement mortar. The recycling of concrete waste also 

generates FRCA, which is largely unutilized. This 

experimental study is carried out to ascertain the 

suitable mix composition comprising of BP and 

FRCA for the production of CSMB units. 

Materials and mix constitutents 

Physical properties of materials 

The 43 grade ordinary Portland cement conforming 

IS 8112:2013 [20] were used in this study. The 

properties were tested as per IS 4031 [21, 22, 23, 24, 

25, 26]. The physical properties of BP and FRCA 

were tested as per the procedures specified in IS 

2386-1963 [27]. The physical properties of cement, 

BP, FRCA are listed in Table I. The gradation curve 

of BP and FRCA are depicted in Fig.1 

TABLE I. PHYSICAL PROPERTIES OF CEMENT, BP AND 

FRCA 

Sl.no Attributes Cement BP FRCA 

1 Specific Gravity 3.08 2.41 2.2 

2 
Specific Surface 

Area 
- - - 

3 
Standard 

Consistency (%) 
30 - - 

4 
Initial Setting 

Time (min) 
80 - - 

5 
Final Setting Time 

(min) 
210 - - 

6 Fineness Modulus - 1.47 2.21 

7 Fineness (%) 5.94 - - 

Fig. 1. Gradation curve of BP and FRCA 

Chemical composition of BP and FRCA 

The chemical constituents of BP and FRCA are listed 

in Table II. 

TABLE II. CHEMICAL COMPOSITION OF BP AND FRCA 

Sl.no Oxides content (%) BP FRCA 

1 Silicon dioxide (SiO2) 88.53 68.15 

2 Alumina oxide 

(Al O ) 

0.12 0.16 

3 Ferric oxide (Fe2O3) 5.68 3.08 

4 Calcium oxide (CaO) 0.98 14.43 

5 Magnesium Oxide 

(MgO) 

0.75 0.8 

6 Loss on Ignition 

(LOI) 

3.11 13.3 
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Mix constituents 

The basic mix was assumed to consist of BP and 

FRCA only. Several trial mixes were formulated with 

BP and FRCA in varying proportions out of which 

BP and FRCA at 70% and 30% by weight as 

constituents were preferred from mouldability 

consideration. Cement content in mixes was varied 

as 6%, 8% and 10% by weight of the basic mix. 

Three mixes considered in the study is designated as 

6C | 8C| 10C.The mix constituents are listed in Table 

III. 

TABLA III. MIX CONSTITUENTS (KG/M3) 

Mix 

designation 
6C 8C 10C 

BP 1190 1190 1190 

FRCA 510 510 510 

C 102 136 170 

Experimental work 

 

The experiments were carried out in three phases.  

In the first phase, cubes of size 70.6mm were casted 

for all the three mixes and wet compressive strength 

at 28 days were assessed. In the second phase, CSMB 

units of size 190 x 90 x 90mm were casted and it is 

tested for dry density, wet compressive strength, 

water absorption and rate of moisture absorption. In 

the third phase, a CSMB units of size 290 x 190 

x90mm were casted to assess the size effects on the 

compressive strength. The cubes of size 70 and 90 

mm were extracted from 290 x 190 x 90mm units 

and the compressive strength was determined. 

Experimental studies on cube specimens 

1) Optimum moisture content(OMC) 

The water content in the mix influences the strength 

of CSMB specimens. Higher water content results in 

formation of capillary pores, consequently reduction 

in the strength. However sufficient water content is 

also necessary in order to achieve maximum 

compaction. Hence, the trail studies were carried out 

to fix moisture content for each mix.  

2) Casting of cube specimens 

Dry mix of BP, FRCA and Cement were prepared on 

the tray. The required amount of water is added and 

it is thoroughly mixed on the tray using trowel. 

Seven cubes of size 70.6 mm were prepared by 

varying moisture content from 13 to 19% by weight 

of the basic mix for all the designated mixes. The mix 

were filled into the moulds up to the top and with a 

collar in place excess material was filled and 

compacted up to a pressure of 3.0MPa using UTM 

machine of 1000 KN capacity. After compaction the 

excess material is removed and the surface is finished 

with trowel. 

3) Determination of OMC 

The cubes were demoulded after 24 hours and the 

weight of each cube is recorded to assess their bulk 

densities. Next, the cubes were kept in the oven for 

24 hours at a temperature of 100±5oC. After 24 

hours, the cubes were removed from the oven and it 

is kept in the ambient temperature and then dry 

weight is recorded. The dried cubes are then kept in 

the water for 24 hours to assess their water 

absorption as well as void ratio and porosity.  

4) Determination of wet density and wet 

compressive strength 

Six cubes were prepared for each mix combinations 

and these cubes were subjected to intermittent spray 

curing for 28 days. After curing, the cubes were 

tested for wet density and wet compressive strength 

as per IS 3495 (Part1): 1992 [29].   

Experimental studies on CSMB Units 

The block size of 190 x 90x90 mm were considered 

for casting CSMB units. This is the one of the sizes 

recommended in IS 1725: 2013 [28]. To assess the 

size effects, the CSMB units of size 290 x 190 x 90mm 

was cast.   

5) Casting CSMB units 

The procedure as outlined in section A.2 is followed 

to cast the CSMB units. Spray curing is employed for 
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28 days and the wet gunny bags is covered 

throughout the curing period. 

6) Testing of CSMB units 

Six CSMB units were tested for dry density, wet 

compressive strength, water absorption and rate   of 

moisture absorption. The description of testing 

procedure along with the standards followed is 

discussed in the following section. 

Dry density 

The dry density of the CSMB units were tested as per 

the guidelines outlined in IS 1725:2013 [28].  The 

CSMB units were kept in the oven at a temperature 

of 100 ± 50C for 24 hours. Later the units were 

cooled to room temperature. The dimensions and the 

unit weight of the CSMB units were measured in 

order to calculate the dry density of the units. 

Wet compressive strength 

CSMB units were tested for wet compressive 

strength as per the procedures given in IS 3495 (Part-

1):1992 [29].  The units were kept in the water for 48 

hours, later it is removed from the water and the 

surface of the units is wiped with dry cloth in order 

to achieve saturated surface dry condition. The load 

on the CSMB specimens were applied at a rate of 2.9 

kN/sec. 

Water absorption test 

 

The water absorption test was carried out as per IS 

3495 (Part-2): 1992 [30]. The CSMB units were kept 

in the oven at a temperature of 100 ± 5oC and the 

corresponding dry weight were recorded. After that 

the units were immersed in water for 24 hours and 

then the weight was recorded. The amount of 

increase in weight of the units is expressed in 

percentage. 

Rate of moisture absorption 

After keeping the specimens in an oven at 100 ± 5oC, 

the dry weight was recorded. Then the units were 

soaked in the water and the corresponding weight 

were taken at an interval of 15, 30, 60, 120, 1440 and 

2880 min. The rate of moisture absorption is 

calculated and expressed as percentage increase in 

weight with respect to their dry weight. 

7) Correction for friction effects 

This confinement of specimens by platen restraint 

increases the apparent strength of the material. 

Hence the compressive strength that are obtained 

during the test are largely influenced by the 

dimensions of the units. In the literature several 

correction factors are proposed to arrive at 

representative uniaxial compressive strength. In this 

study the correction factors proposed by Krefeld [31] 

for fired clay bricks and Heathcote and Jankulovski 

[32] for SSB are used. These correction factors are 

based on aspect ratio and it is listed in Table IV 

TABLE IV CORRECTION FACTORS (CF) FOR END 

CONFINEMENT [33] 

 

8) Testing CSMB units  to assess  size effect 

CSMB units of size 290x190x90 mm was prepared 

with BP and FRCA at 70% and 30% constituent 

levels with 8% of cement. Except for the size, all 

other parameters are kept exactly similar to 

190x90x90 mm units. To study the influence of size, 

compressive strength was determined on the cubes 

70 mm and 90 mm cut from the CSMB units 290x190 

x90 mm, as well as, on the units also. 

Results and discussions 

Cube test results 

9) OMC of the mixes  

Test results of cube specimens with moisture content 

varying from 13 % to 19% for each of the three mix 

variants are given in Table V. It is observed that, 16 

% water content yields minimum porosity and 
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maximum bulk density for all the three percentages of cement contents used in this study 

TABLE V.OPTIMUM MOISTURE CONTENT OF THE MIXES 

 

 

 

 

10) Wet density and 28 days compressive strength of 

cube specimens 

The test results pertaining to wet density and 28 days 

wet compressive strength are given in Table VI.  

11) Statistical analysis of cube test results 

The statistical analysis of test results is listed in Table 

VII. The statistical parameters are normalized with 

respect to mix 6C.  

TABLE VI. WET DENSITY AND 28 DAYS WET 

COMPRESSIVE STRENGTH 

Mix  6C 8C 10C 

Wet density 

(kg/m3) 

1989 1989 1989 

2003 1961 1989 

2003 1989 1989 

1932 1932 1989 

1961 1989 1961 

1947 1989 1989 

Wet comp. 

strength 

(MPa) 

3.43 6.68 7.26 

3.43 6.1 6.78 

3.23 5.9 7.14 

3.49 5.72 6.8 

3.57 6.38 7.2 

4.03 6.4 6.12 

TABLE VII. STATISTICAL ANALYSIS OF CUBE TEST 

RESULTS 

Mi

x 

Wet density (kg/m3) 
Wet compressive 

strength (MPa) 

  
Mi

n 

Ma

x 
  

Mi

n 

Ma

x 

6C 
197

3 

30.1

8 

193

2 

200

3 

3.5

3 

0.2

7 

3.2

3 

4.0

3 

Cement 

(%) 
BP (%) 

FRCA 

(%) 

Water 

Content 

(%) 

Compacted 

Density 

(kg/m3) 

Water 

Absorption 

(%) 

Void 

Ratio 
Porosity 

 

6 70 30 

13 1791 22.15 0.63 0.387  

14 1876 15.15 0.372 0.271  

15 1876 17.73 0.45 0.31  

16 1961 14.12 0.337 0.252  

17 1904 15.58 0.377 0.274  

18 1933 14.35 0.342 0.255  

8 70 30 

13 1848 18.21 0.443 0.307  

14 1990 16.12 0.386 0.279  

15 2047 16.04 0.386 0.279  

16 2103 14.65 0.354 0.262  

17 2075 15 0.359 0.264  

18 2047 15.35 0.37 0.27  

19 2075 15.09 0.365 0.267  

10 70 30 

13 1819 20.14 0.473 0.321  

14 1933 16.26 0.397 0.284  

15 1990 16.23 0.392 0.281  

16 2103 13.56 0.334 0.25  

17 2018 15.85 0.381 0.276  

18 2103 13.6 0.334 0.25  

19 2047 15.15 0.359 0.264  
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8C 
197

5 

23.7

9 

193

2 

198

9 
6.2 

0.3

6 

5.7

2 

6.6

8 

10

C 

198

4 

11.4

3 

196

1 

198

9 

6.8

8 

0.4

3 

6.1

2 

7.2

6 

12) Inference 

The compressive strength is found to increase by 

1.75 times, as the cement content is increased from 

6% to 8%. However, with increase of cement 

content from 8% to 10% only a negligible increase in 

the strength is observed 

Test results of CSMB units 

13) Density and wet compressive strength  

The density and wet compressive strength of CSMB 

units are listed in Table VIII.  

TABLE VIII. DENSITY AND WET COMPRESSIVE 

STRENGTH OF CSMB UNITS AT 28 DAYS 

Mix 

6C 8C 10C 

Dry Wet Dry Wet Dry 
We

t 

Density        

kg/m3 

175 201 183 205 185 206
181

6 

204

0 

187

5 

205

7 

177

7 

203

4 

176

1 

201

8 

182

6 

205

0 

183

9 

203

4 

181

9 

205

7 

184

2 

203

7 

187

5 

207

6 

183

6 

207

6 

184

9 

207

6 

186

8 

201

4 

180

6 

206

0 

184

2 

205

3 

183

6 

204

0 

Wet 

compressi

ve 

strength 

(MPa) 

4.58 5.46 9.31 

5.36 7.61 7.05 

4.5 5.94 9.96 

4.7 6.16 6.3 

4.9 6.39 6.51 

5.23 6.36 9.54 

 

14) Statistical analysis of test results  

The statistical analysis of the test results reported in 

Table 8 is listed in Table IX.  It is noted that the 

representative value of average compressive strength 

in wet conditions, is more than 1.4, 1.8 and 2.3 times 

of the minimum requirement for the mix comprising 

6 %, 8% and 10% of the cement content.  The ratio 

of average wet and dry density is found to be in the 

range of 1.11 to 1.14. 

TABLE IX. DESCRIPTIVE STATISTICS OF DENSITY AND 

WET COMPRESSIVE STRENGTH OF CSMB UNITS 

Param

eters 

           6C 8C     10C 

Density 

(kg/m3) fwet 

(MPa) 

Density 

(kg/m3) 
fwet 

(MP

a) 

Density 

(kg/m3) 
fwet 

(MP

a) Dry Wet Dry Wet 
Dr

y 
Wet 

  1799 2044 4.88 1844 2055 6.32 
18

41 
2044 8.11 

Min 1755 2014 4.5 1826 2037 5.46 
17

77 
2014 6.3 

Max 1836 2076 5.36 1875 2076 7.61 
18

75 
2076 9.96 

15) Correction due to end effects 

The geometric correction factor based on aspect ratio 

is equal to unity can be assumed as 0.7 and 0.58 as 

per, Krefeld [33] and Heathkote [34] respectively. 

The corrected compressive strength of CSMB units 

are listed in Table X. With the correction factor of 

0.7 or 0.58, the mix with 8 and 10% cement content 

meet the minimum strength requirement of 3.5MPa. 

CSMB units with cement content as 6%, fails to 

satisfy the minimum strength requirement of 3.5 

MPa. 

TABLE X.CORRECTION DUE TO END EFFECTS 
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16) Water absorption 

The water absorption test results of six units of each 

of the three mix compositions are listed in Table XI, 

along with their statistics. It is observed that this 

important property is also in compliance with the 

maximum absorption limit of 18% as per IS 

1725:2013[28].   

TABLE XI. WATER ABSORPTION (%) AFTER 24 H. 

Sl.no 6C 8C 10C 

1 15.7 12.2 10.5 

2 13.5 9.7 10.4 

3 15 12.3 10.5 

4 14 10.6 10.8 

5 14.2 12.3 10.5 

6 14.5 11.5 11.7 

Statistical measures 

 14.8 11.3 10.7 

 0.78 1.08 0.5 

 

17) Rate of moisture absorption 

The test results of rate of moisture absorption of six 

CSMB specimens of all the three mix compositions 

are given in Table XII.   The plot of the variation of 

the rate of absorption with time is found to follow an 

exponential trend as shown in Fig.2. Nearly 50% of 

absorption takes place in the first 30 min of soaking 

for 8% and 10% of cement content. At 120 minutes 

of immersion time, the absorption is found to be at 

91.3%, 89% and 78% of absorption at 2880min, for 

the mix 6C, 8C, and 10C respectively. 

TABLE XII. RATE OF MOISTURE ABSORPTION 

Cemen

t (%) 

Moisture absorption in % 

15mi

n 

30 

min 

60 

min 

120mi

n 

144

0 

min 

288

0 

min 

6 

11 
12.

9 

14.

4 
14.9 15.7 15.9 

10 11 12 12.9 13.5 14.5 

10.9 12. 14 14.3 15 15.5 
10.6 11 12. 13 14 14.4 

11 12. 13 13.5 14.2 14.5 
10.7 12 13. 13.7 14.5 15 

8 

6.2 8.2 9.9 11.4 12.2 12.4 

5.6 6.9 8 8.8 9.7 9.9 
5.7 7.3 8.9 10.7 12.3 12.5 
4.6 6.4 7.8 9.4 10.6 10.9 
6.2 8.1 9.7 11.3 12.3 12.3 
6.2 7.4 9 10.4 11.5 11.6 

10 

4.5 5.3 6.7 8.6 10.5 11.6 

4.9 5.8 7 9 10.4 11.3 

4.7 5.5 6.8 8.8 10.5 11.4 

4.6 5.7 7.3 9 10.8 11 

4.7 5.6 7 8.9 10.5 11.3 

5.1 6.6 8.1 9.9 11.7 11.9 

Fig. 2. Plot of average absorption versus time 

18) Size effect on wet compressive strength of CSMB 

units 

Test results are listed in Table XIII, along with the 

pertinent results listed in Table VI with respect to 

70.6 mm cubes and Table VIII with respect to CSMB 

units 190 x 90 x 90 mm cast from similar mix 

composition. 

TABLE XIII. WET COMPRESSIVE STRENGTH OF CAST 

AND CUT CUBE SPECIMENS AND 190X90X90 MM AND 

290 X 190 X 90 MM CSMB UNITS 

Sl.no 

70.6 

mm 

cube 

specime

ns cast   

(Table 

VI) 

70 mm 

cube 

specime

ns cut 

from 

290 

x190 

x90 mm   

90 mm 

cube 

specime

ns  cut 

from 

290 

x190 x 

90 mm 

190 

x90 

x 90 

mm 

bloc

k   

cast 

(Tab

le 

290 

x19

0 

x90 

mm 

bloc

k 

cast 
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VIII) 

1 6.68 4 4.29 5.46 12.0
2 6.1 4.8 3.68 7.61 11.1
3 5.9 3.72 4.07 5.94 10.5
4 5.72 4.9 3.45 6.16 9.14 
5 6.38 3.83 4.05 6.39 10.0
6 6.4 4.18 4.48 6.36 11.8
Avera

ge 
6.2 4.2 4 6.3 10.8 

Mini 5.7 3.7 3.5 5.5 9.1 

Max 6.7 4.9 4.5 7.6 12.1 

 

Following observations   are made:  

1. The 70 mm and 90 mm cube samples cut from 

CSMB units show a decrease of 32% and 35% in 

wet compressive strength when compared with 

70.6 mm cube samples cast from the same mix. 

The reduction is thought to be due to the 

possibility of lack of uniformity with respect to 

mix composition as well as the compaction 

owing to the large size of the units. 

2. The 90 mm cube samples cut from CSMB units 

show a 5% reduction in wet compressive 

strength when compared with 70 mm cube 

samples cut from the same units, in spite of the 

aspect ratio being unity in both the cases. This 

reduction of strength in 90 mm cube specimens 

may be attributed to the decrease in the zone of 

confinement with the increase in specimen size 

and tending towards unconfined uniaxial 

compressive strength. 

3. It is interesting to note that the average strength 

attained by 190x90x90 mm units is almost the 

same as the strength attained by 70.6 mm cubes 

cast from the same mix composition. In both the 

cases, the aspect ratio is unity. Typically, the 

strength attained by 190 x90x90 mm units should 

have been slightly lesser than the strength 

attained by the 70.6 mm cube specimens due to 

the increase in specimen size. This may be due to 

the presence of frictional forces over large 

contact area (190mmx90mm) available with the 

CSMB units. 

4. The 28 days wet compressive strength of CSMB 

units 290 x190 x90 mm with aspect ratio as 0.47 

is about 70% more than the strength attained 

with units 190 x90x90 mm with aspect ratio as 

1.0. This observation is in conformity with the 

observation that the apparent uniaxial strength 

increases with a decrease in aspect ratio. 

However, the cube specimens cut from the units 

show a reduction in strength of about 37% when 

compared with the strength attained by 190 

x90x90 mm units. 

5. The correction factor for CSMB units 290 x190 

x90 mm works out to (1/1.71 = 0.58) to get the 

strength of CSMB units 190x90x90 mm. The 

results signify the influence of units size on 

compressive strength. 

6.  Assuming the cube specimens cut from the 

blocks to represent the intrinsic strength, the 

correction factor for 190x90x90 mm units works 

out to 0.63 and for 290x190x90 mm units as 0.37, 

which are in between the values proposed by 

Krefeld [33] for fired clay bricks and K. 

Heathcote and E Jankulovski [34] for SSB as 

listed in Table 4. 

7. The aforementioned observations are based on 

the limited test data generated during the course 

of this study. To validate these observations, a 

large number of self-similar specimens have to be 

tested. 

Conclusions 

i. CSMB - 190 x 90 x 90 mm units with 8 and 

10% of cement content have the potential to 

attain strengths in excess of the minimum 

strength = 3.5MPa. 

ii. The procedure envisaged in this study to 

make CSMB units has ensured that the 

minimum required a dry density of 1750 

kg/m3 can be achieved. 

iii. The percentages of water absorption of 

CSMB units are found to be higher, but are, 

still within the permissible limit of 18%.  The 
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higher water absorption is thought to be due 

to the porous nature of FRCA. 

iv. The plot of the variation of the rate of 

moisture absorption with time is found to 

follow an exponential trend. Nearly 50% of 

absorption is found to take place in the first 

30 min of soaking for 8 % and 10% of cement 

content.  

v. The 70 mm and 90 mm cube samples cut 

from CSMB units show a decrease of 32% 

and 35% in wet compressive strength when 

compared with 70.6 mm cube samples cast 

from the same mix.  

vi. The 28 days wet compressive strength of 

CSMB units 290 x190 x90 mm with aspect 

ratio as 0.47 is about 70% more than the 

strength attained with units 190 x90x90 mm 

with aspect ratio as 1.0. This observation is in 

conformity with the observation that the 

apparent uniaxial strength increases with a 

decrease in aspect ratio. 
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ABSTRACT 
 

Contamination of soil due to the Leachate from Municipal Solid waste is a major environmental problem. 

Landfill leachate is generated from liquids existing in the waste as it enters a landfill or from rainwater that 

passes through the waste within the facility. A large quantity of Leachate is produced from the dump yards in 

various parts of India. With urban development and expansion, these areas are reclaimed for construction and 

other purposes. The engineering behaviour of structures constructed of/with municipal solid waste fills are 

unpredictable. An extensive laboratory exploration was carried out to determine the index properties, shear 

strength characteristics, compaction characteristics and hydraulic conductivity of clean and contaminated 

lateritic soil. Contaminated samples are prepared by mixing the lateritic soil with varying amount of leachate 

content like 20%, 40%, 60%, 80% and 100% by weight to vary the degree of contamination. The effects of 

leachate on the Atterberg’s limit showed decrease in liquid and plastic limit values with the increase in the 

leachate content. Reduction in maximum dry density and increase in hydraulic conductivity were observed.  

Keywords : Leachate, Residual Soil, Atterberg’s Limit, Shear Strength. 

 

I. INTRODUCTION 

 

A landfill is an engineered pit, in which layers of 

solid waste are filled, compacted and covered for 

final disposal. It is the “simplest, cheapest and most 
cost effective method of disposing waste” in several 
parts of the world. Despite these benefits, leachate is 

a threat to the environment due to the presence of 

toxic inorganic and organic constituents in the 

leachate. Leachate is produced in landfill sites 

through hydrolysis processes (products of 

biochemical changes in organic substances) or is the 

result of water penetration. It is composed of large 

amounts of both organic and inorganic compounds, 

and their concentration depends to the age of a 

landfill site. Leachate from an improperly 

constructed landfill results an extensive 

contamination of soil beneath and adjacent to the 

dumping area. Leachate from the solid waste dump 

has a significant effect on the chemical properties as 

well as the geotechnical properties of the soil. 

Leachate can modify the soil properties and 

significantly alter the behaviour of soil. Laterite soil 

is one of the important soil groups of Kerala. Large 

areas of land with lateritic soil are currently used for 

open dumping of municipal solid waste. This paper 

presents the results of a laboratory testing program 

carried out to determine the effect of leachate 

contamination for a period of 15 days on the 

geotechnical characteristics (consistency limits, 

compaction characteristics, hydraulic conductivity 

and shear strength) of lateritic soils. 

http://ijsrcseit.com/
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Experimental Investigation 

Study Area 

The study area is located in Brahmapuram, a small 

village in Kochi, Kerala, India which spans across 106 

acres. The volume of waste being dumped at the 

dump yard was 250 tonnes/day. Various waste 

materials such as domestic waste, e.g.  Kitchen waste; 

plastic, paper, glass, cardboard, cloths etc. are 

dumped at this site. Construction and demolition 

waste like bricks, blocks, timber, are also dumped. 

Poultry  market, fish  market,  slaughterhouse,  dairy 

farm  and  non-infectious  hospital  waste  is also  

dumped.  The site is a Non-engineered low lying 

open dump, a huge heap of waste up to a height of 20 

m. The main problem here is the contamination in 

the surface water bodies and the soil.  

 

Soil  samples were collected by removing the surface 

debris and subsurface soil dug to a depth  of  about  

30cm  and  1m  with  a  hand  auger.   

 

50  Kg  of  soil sample was taken for analyzing soil 

chemical  properties, soil  consistency limits such  as 

liquid  limit, plastic  limit, shrinkage  limit,  plasticity 

index,  specific  gravity, compaction characteristics, 

hydraulic conductivity and shear strength of soil in 

the laboratory. The geotechnical properties of the soil 

are given in Table I.  

TABLE I . GEOTECHNICAL PROPERTIES OF THE 

SAMPLE SOIL. 

Properties values 

Specific Gravity  2.62 

Liquid Limit,%  35 

Plastic Limit,%  21 

Maximum dry density (g/cc) 2.25 

Optimum Moisture Content (%) 12.5 

Permeability(k) 2.7 x 10-

5 

  

Gravel (%) 2 

Sand (%) 62 

Silt (%) 22 

Clay (%) 12 

 

The chemical characteristics of the laterite soil was 

examined and the results obtained are shown in 

Table II. 

TABLE II . CHEMICAL CHARACTERISTICS OF THE 

SAMPLE SOIL. 

Properties values 

pH  4.5 

CaCO3 (%) 2.75 

OM of soil (%) 0.58 

SO4 x10-3 (%) 4 

Fe2O3 (%) 8.2 

SiO2 (%) 72 

Al2O3 (%) 45 

 

 

CaCO3 - Calcium carbonate; OM - Organic matter; 

SO4 - 

Soluble sulphate; Fe2O3 - Iron content; SiO2 - Silica; 

Al2O3 - Alumina content 

Leachate 

Leachate used in this study was collected from 

Brahmapuram Biogas Plant, Ernakulum, Kerala. The 

characteristics of leachate are given in the Table III. 

The alkalinity, pH value and the cation content are 

very significant parameters that affect the properties 

of the soil. 

TABLE III . COMPOSITION OF THE LEACHATE 

Parameter Maximum concentration in 

(mg/L) 

COD 285 

Total Dissolved 

solids 

2359 

Total hardness 170 

pH 6.1 

sulphate Trace 

chloride 2136 

calcium 50 
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sodium 250 

potassium 420 

 

Chemical analysis was carried out based on the 

standard methods published by American Public 

Health Association. 

Test Programme 

Laboratory tests were conducted to determine the 

index properties, compaction characteristics and 

hydraulic conductivity of clean and contaminated 

lateritic soil. Contaminated samples are prepared by 

mixing the lateritic soil with varying amount of 

leachate content like 20%, 40%, 60%, 80% and 100% 

by weight to vary the degree of contamination. The 

samples were tested after a curing period of 15 days. 

The test samples were preserved in air tight packets 

to ensure proper reaction between the soil and 

leachate.  

Results and Discussions 

Effect of Leachate on Atterberg’s limits 

 

The Atterberg’s limit is used to identify the soil 

water content that is related to the behavior of the 

soil. The liquid limit, wL of leachate mixed soil 

indicated the decreasing in value from 35 % to 18 % 

with the increase of leachate contents between 0% 

and 100%. The differences in the decrease in liquid 

limit value were higher than the plastic limit.  

 

Lateritic soil contains more of kaolinite mineral 

having low shrink–swell capacity and a low cation 

exchange capacity. Unlike, montmorillonite mineral, 

the effect of diffused double layer is negligible in 

kaolinite.  

 

However, the Liquid limit behavior which depends 

on the diffused layer was found to decrease in laterite 

soil, even though the presence of kaolinite mineral 

was more.  As the amount of leachate increases, the 

water content will reduce and the chance to react 

with soil particles will eventually drop. The leachate 

is more acidic in nature which results in reduction of 

liquid limit due to increase in concentration of 

electrolyte of the pore fluid and therefore, decreases 

the thickness of diffused double layer.  

 

The variation of liquid limit with different 

percentages of leachate in shown in Fig 1.  

 

Fig 1. Variation of Liquid limit 

Effect of Leachate on Compaction characteristics of 

soil 

The soil sample was mixed with the leachate and 

allowed for curing for about 15 days and the Standard 

Proctor compaction tests were carried. The results are 

plotted in Fig.2, in the form of dry density versus 

water content curves. 

 

 The maximum dry density of the laterite soil 

decreases with increasing concentration of leachate 

and optimum moisture content increases with 

increasing concentration of leachate. This is mainly 

due to the chemical reaction between the minerals 

present in the soil and the compounds present in the 

leachate.  

 

The presence of chemicals in leachate, changes the 

structure of pore fluid in soil, thereby affecting the 

properties of soil. Maximum reaction occurred at a 
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leachate concentration of 60%, beyond which the soil 

properties were not affected.  

 

 
Fig 2. Variation of Comapction characteristics 

 

Effect of Leachate on Hydraulic Conductivity  of soil 

Falling head permeability tests were conducted on 

samples cured with varying concentration of leachate 

for 15 days. The hydraulic conductivity was found to 

increase with increase in leachate content (Fig. 3). 

This increase in hydraulic conductivity of the soil was 

due to chemical reaction between the leachate and 

the clay minerals present in lateritic soil. The acidic 

leachate can dissolve clay minerals increasing the 

pore space in soil and hence the hydraulic 

conductivity increases. 

 

 

 
Fig 3. Effect of Chemicals on Permeability in 10-5 

cm/s 

Effect of Leachate on Shear Strength  of soil 

 

Soil samples compacted at Maximum dry density and 

Optimum moisture content were used to find the 

shear parameters of soil samples mixed with leachate. 

Consolidated Undrained triaxial test was conducted 

on samples after saturated and prior application of 

back pressure. The results are shown in Table IV.  

  

The cohesion of soil was found to increase slightly 

and the internal friction decreased. The leachate has 

increased the bonding between the particles by 

altering the chemical composition such that the soil 

behaved more like a clay having more of cohesion 

and less of shearing resistance.  

TABLE III . SHEAR STRENGTH OF LATERITIC SOIL MIXED 

WITH LEACHATE 

Sample Cohesion 

(c’) 

kN/m2 

Angle of 

internal 

friction (φ’) 

Soil 18.2 31 

Soil + 20% 

Leachate 

20 26 

Soil + 40% 

Leachate 

24.6 22 

Soil + 60% 

Leachate 

27.3 16 

Soil + 80% 

Leachate 

27.8 15 

Soil + 100% 

Leachate 

28.5 13 

Conclusion 

 

The experimental investigations gave an insight to 

the effect of leachate on the geotechnical properties 

of laterite soil. The  liquid  limit  and  plasticity  index  

decrease   with   an increase   in   the   percentage   of  

leachate. This  decrease in  the  Atterberg’s  limits  are  
due  to  the  predominant  influence  of  the  

increased    electrolyte    concentration    and    

organic  chemicals  present  in  the   leachate  on  the  
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diffuse  double  layer  thickness  of  soil.  Leachate 

contamination leads to increase the hydraulic 

conductivity of the soil tested. This is attributed due 

to the chemical reactions with the leachate and the 

soil particles. Highly acidic or basic leachate can have 

significant effect on the index and engineering 

properties of the soil. Experimental results indicated 

that with the increase in percentage of leachate, 

maximum dry density decreased from an initial value 

of 2.25g/cm3 to 1.75 g/cm3 and optimum moisture 

content increased to 22% from an initial value of 12.5 

% when the soil was mixed with 60% leachate by 

weight. Beyond which no significant change was 

observed. The cohesion of the laterite soil increased 

and the shearing resistance decreased with increase in 

Leachate concentration. This variation is attributed to 

the chemical reaction between the soil and the 

leachate, resulting in soil to behave more like clay.  

Based on this study, the presence of leachate fluid 

in the soil brings negatives impact to the geotechnical 

properties of Lateritic-clayey soil. Soil-leachate 

contamination must be recovered before any 

construction is done.  
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ABSTRACT 
 

Extensive research is in progress in the field of concrete technology in finding suitable replacement for 

cement. With the rapid growth in construction industry leading to increased consumption of concrete which 

further leads to increase in production of cement, resulting in global sustainability problems. An attempt has 

been made to study the effects on properties of both fresh and hardened concrete by using lime stone powder 

as an alternative binding material to cement at various percentages (5%, 10% and 15%).  

Keywords : Lime Stone Powder, Slump, Compressive Strength 

 

I. INTRODUCTION 

 

With the revolution in construction industry, the 

demand for cement concrete has increased 

tremendously over a period of certain years. Extensive 

research has been under progress in the field of cement 

concrete to find suitable alternative materials in the 

place of conventional materials which is essential for 

global sustainability. cement has the largest footprints 

when it comes to both carbon dioxide release and 

energy consumption. Lime stone powder, is one of 

such material which possess cementitious properties 

and can be used as partial replacement for cement with 

the improved properties of concrete such as 

workability, bleeding control etc. Use of limestone also 

results in improved density of concrete. 

 

Even though an increase in early strength was 

observed, loss of strength at later ages due to 

incorporation of limestone has also been reported. 

 

Literature Review 
 

Wendimu Gudissa etal. (2010) The investigation has 

revealed that, Replacement of ordinary Portland 

cement by fine limestone powder from 5% to 10% with 

Blain fineness value of 4000 to 4500 cm
2

/gm satisfies 

the standard compressive strength requirement of high 

early strength cement as per the standard requirements. 

The results of grinding shows that, as the replacement 

of limestone increases by weight, increases in cement 

fineness and decrease in grinding time were observed 

compared to pure ordinary Portland cement. Since 

limestone is softer to grind than pure clinkers the 

energy required is also relatively less than required to 

grind pure clinker for Portland cement production. The 

test results indicated that, the compressive and flexural 

strengths of cement mortar decrease with the increase 

in the percentage addition of limestone content for 

same blain fineness and also increase with the increase 

of fineness  

http://ijsrcseit.com/
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Didier Lootens et.al   

Have concluded that, use of lime stone powder and 

silica lead to acceleration in hydration of cement and 

cement can be replaced by these filler up to 40%, with 

minimum impact on initial setting times and are helpful 

in applications where controlled setting is more 

important than development of high strengths. Also it 

is reported that, the rate of hydration with the use of 

lime stone is more than that of silica. Also 

improvement in rheological properties was observed 

due to reduction in yield stress and consistency factors. 

 

 

Tarun R. Naik etal. This study gives the 

information about increase of effective w/c, 

accelerate early-age strength, dilution of cement 

paste and cement concrete mix effects the rate of 

hydration by using the limestone powder filler in 

cement. The addition of limestone powder filler to 

fine cement pastes and mortars reduces the 

diffusion coefficient of chloride ions. Using 

limestone powder in concrete proves economic 

and environmental advantages by reducing the 

usage of  Portland cement in constructions and 

CO2 emission, as well as improving the early and 

the later age compressive strength. Limestone 

powder to cement changes the phase composition 

of pastes in comparison with pastes without 

addition. They also showed limestone powder 

prevents the transformation of ettringite to 

sulphoaluminates (monosulphate, hemisulphate 

and solid solutions), instead of which 

carboaluminate phases more resistant to sulphate 

attack (monocarbonate, hemicarbonate) are formed. 

 

 

 

Materials and Methodology 

The physical properties of materials per performed 

as per IS standards. The mix design is performed 

as per IS 10262-2009. Then the cubes and 

cylinders are casted by varying the percentage of 

lime stone powder as a binding material in 

concrete mix varies from 0, 5, 10 & 15%. Tests 

performed on fresh and hardened concrete. The 

specimens were weighed after curing of 7, 14 & 

28 days to know the significance changes in 

density before testing compressive 

strength.concrete mix varies from 0, 5, 10 & 15%. 

Tests performed on fresh and hardened concrete. 

The specimens were weighed after curing of 7, 14 

& 28 days to know the significance changes in 

density before testing compressive strength. 

Table.1 Chemical Composition of lime stone 

powder 

Component  Lime stone powder (%)  

Sio2 11.25 

Al2O3 2.76 

Fe2O3 1.15 

CaO 43.77 

SO3 0.27 

MgO 2.15 

Na2O 0.35 
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Table.2 Physical Properties of materials 

 

Table.3 Slump value for different mix with water 

cement ratio of 0.4 

Sl 

No. 

% of limestone 

powder added 

Slump(mm) 

1. 0 110 

2. 5 60 

3. 10 50 

4. 15 45 

 

Figure.1 Slump value for different % of limestone 

powder 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tale.4 Density of concrete 
 

% of limestone 

powder added 

Density ( kg/m3) 

0 2506.6 

5 2488.8 

10 2471.1 

15 2444.4 

 

Figure.2 Density of concrete mix v/s Percentage 

of limestone powder 

 

 

 

 

 

 

 

 

Table.5 Compressive strength 

SL 

No.  

% of 

limestone 

powder  

Average compressive 

strength (Mpa) 

7 days 14 

days 

28 

days 

1. 0 45.23  53.01  62.96  

2. 5 46.6 50.7  60.8  

3. 10 42.77  48.63  55.31  

4. 15 31.2 35.4  39.5  

 

 

 

 

 

 

 

 

SI 

no. 

Material  Results 

1. Specific Gravity  3.15 

2. Compressive 

strength(N/mm2)  

54 

3. Specific gravity of fine 

aggregate 

2.53 

4. Water absorption of Coarse 

agregate  

0.5% 

5. Specific Gravity of Coarse 

aggregate 

2.72 
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Figure.3 Compressive strength v/s Percentage of 

limestone powder 

 

 
Table. 6 Tensile Strength 

 

SL 

No. 

% of 

limestone 

powder  

added 

Tensile 

Strength(Mpa) 

7days 28 days 

1. 0 3.182 5.14 

2. 10 2.9 5.04 

3. 15 2.74 4.14 

 

Figure. 4 Split Tensile v/s Percentage of limestone 

powder 

 

II.  METHODS AND MATERIAL 

 

Arduino 

 

III. RESULTS AND DISCUSSION 

 

Arduino is a compu 

 

 

IV. CONCLUSION 

 

The following conclusions can be drawn from the 

obtained experimental data: 

Maximum 10% of cement can be replaced by 

limestone powder without change in the strength of 

the concrete.  Required split tensile strength can be 

achieved by 10% replacement of cement by 

limestone powder. The addition of limestone filler in 

to Portland cement results in increase in cement 

fineness and this fineness of the cement provide 

higher rate of hydration and hence faster 

development of the early strength. The use of 

limestone powder in cement and concrete provides 

economic and environmental advantages by reducing 

Portland cement production and CO2 emission. 

From the standard consistency results, it seems that 

limestone has no effect on water requirement 

compared to Portland cement. Moreover, the 

increase in level of fine particles caused requires 

much water. 
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ABSTRACT 

 

Crushed bricks as aggregates are of particular interest because their use can considerably reduce the problem 

of waste storage and simultaneously helps the preservation of natural aggregate resources.  With this 

perspective, an experimental study is carried out to assess the possibility of using brick masonry waste as a 

partial replacement for natural coarse aggregate (NCA) in concrete mixes. Brick bats or brick masonry waste 

are crushed using hammer to recover coarse recycled brick aggregate (CRBA). M40 grade concrete mix is 

designed as per IS 10262:2009, by considering the properties of natural aggregates. NCA is partially replaced 

by CRBA at 10%, 20%, 30% and 40% in concrete mixes. Totally five concrete mixes (including control mix 

made of NCA and NFA) are considered in the study. The workability of the concrete mixes decreases with an 

increase in CRBA content. A marginal reduction in 28 days compressive strength is observed up to 20% 

replacement of NCA by CRBA. At 30% and 40% replacement level, the reduction in compressive strength is 

about 15% and 30% respectively. The tensile strength decreases with increase in CRBA content in concrete 

mix. 

Keywords : Coarse recycled brick aggregate (CRBA), Control Mix, Natural coarse aggregate (NCA), Natural 

fine aggregates (NFA). 

 

I. INTRODUCTION 

 

In India, a large quantity of construction and 

demolition waste is generated every year. These 

waste materials need a large place to dump and 

hence the disposal of waste has become a severe issue 

in urban seector. On the other hand scarcity of 

natural resources is another major problem that 

results in changes in climatic conditions. Hence it 

becomes necessary to protect and preserve natural 

resources. 

 

As per the Technology Information, Forecasting and 

Assessment Council (TIFAC) the construction 

industry contributes waste is between 12 to 14.7 

million tons per annum. The waste that is generated 

from Construction Industry in India is estimated and 

given in Table I. 

TABLE I CONSTITUENT OF CONSTRUCTION AND 

DEMOLITION WASTE IN INDIA 

Constituent 
Quantity Generated in 

million Tons p.a. (Range) 

Soil, Sand & gravel 4.20 to 5.14 

Bricks & Masonry 3.60 to 4.40 

Concrete 2.40 to 3.67 

Metals 0.60 to 0.73 

Bitumen 0.25 to 0.30 

Wood 0.25 to 0.30 

Others 0.10 to 0.15 
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Demand to supply of  building material is in the 

range of of about 60,000 million cu.m. Reuse of 

aggregate material from construction and demolition 

debris certainly mitigate to a larger extent   the 

demand-supply gap. 

 

While retrievable items such as bricks, wood, metal, 

titles are recycled, the concrete and masonry waste, 

accounting for more than 60% of the construction 

and demolition debris, are not being presently reused 

in India. 

 

Construction waste is being reused in many 

European Countries. More than 60% of the waste has 

been recycled in these countries and the recycling 

prospect in India constitutes only about 6-8%. 

Concrete and masonry waste can be reused by 

sorting, crushing and sieving into recycled aggregate. 

Such  recycled aggregate can be used to produce 

concrete for construction and building material.  

The use of recycled concrete aggregate started almost 

70 years ago just after the Second World War, during 

which many structures were demolished by 

bombing. Many researchers around the world 

endorse the use of recycled concrete aggregates in 

concrete mixes that can be used for structural and 

non-structural applications. However, very few 

experimental studies are conducted on use of brick 

masonry waste in concrete applications. 

The sustainability in  construction gained 

importance since  the construction industry 

consumes large quantities of natural resources and 

produces huge quantities of waste. Concrete being a 

composite material (a binder, water, and aggregates) 

that is  widely used, there exists a large scope of  

them being  reused.  

Hypothesis and objectives of the study 

Natural aggregate resources can be preserved by 

reusing the bricks after crushing them into size of 

aggregates. This also addresses the issue related to 

disposal of construction debris thereby decreasing 

environmental pollution . Certain issues related to 

water absorption and impurities, if addressed 

properly results in utilization of brick waste in 

concrete mixes as an alternative solution.  

With this backdrop, an experimental study is carried 

out to assess the practicability of using brick masonry 

waste as a partial replacement for natural coarse and 

fine aggregates in concrete mixes. The objective of 

the study is as follows: 

 

To study the properties of concrete mixes in its fresh 

and hardened state by using coarse recycled brick 

aggregate (CRBA) partially in place of natural coarse 

aggregate (NCA) by 10%, 20%, 30%, and 40%. 

Literature review 

Debieb and Kenai [1] attempted to determine the 

possibility of using crushed brick as coarse and fine 

aggregate in concrete mixes and opined that brick 

aggregates can be used up to 25% and 50% for the 

coarse and fine aggregates, respectively.  

Cachim [2] concluded  that a 15% replacement of 

natural coarse aggregate by brick aggregate results in 

same property as that of that of concrete made with 

natural aggregates.  

Yang et al… [3], ascertained the influence of crushed 
clay bricks (as coarse aggregate) on properties of 

recycled aggregate concrete, the concrete mix with 

50% of crushed clay bricks and 50% of recycled 

concrete aggregates yields satisfactory results in terms 

of durability.  

Ge et al…. [4], emphasized the use of recycled clay 
brick powder as replacement to cement in concrete 

mixes partially. They also proposed an  optimal mix 

design through experimentation  and orthogonal 

analysis.  

Aliabdo et al… [5], explored several possibilities of 
using crushed clay brick in the concrete industry, the 

experimental evidence encourages the use of brick 

waste in many applications where the temperature 

resistance, economy, and environmental aspects are 

considered. 

Bektas et al… [6], advocated the use of 10% and 20% 
of crushed clay brick fine aggregate in mortar 
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specimens, by considering the strength and durability 

aspects.  

Poon and Chan [7], concluded the use of 25% 

crushed clay brick satisfies the strength requirements 

for Grade B paving blocks as prescribed by ETWB of 

Hong Kong  

Sadek [8] investigated the feasibility of using crushed 

brick aggregates in making solid cement bricks. He 

found that the parameters such as size and 

replacement level of the crushed bricks have a 

detrimental effect on the compressive strength.  

Materials and Methods 

 

Concrete mixes are prepared by using cement, NFA, 

NCA, and CRBA.CRBA is obtained by manual 

crushing of brick bats using a hammer.  

Ordinary Portland cement (OPC) of 53 grade is used 

throughout the experimental study. aFor NCA 

Crushed stone is used and for NFA river sand <4.75 

mm is used. The physical properties of materials are 

evaluated in compliance with the codes.  

Properties of Ingredients 

The physical properties of cement were evaluated in 

compliance with the  IS 4031 [9–14]. The outcomes 

are listed in Table II. The physical properties of 

NCA, CRBA, NFA are evaluated in compliance with 

the IS: 2386 [15, 16]. The outcomes are listed in 

Table III. 

TABLE II. PHYSICAL PROPERTIES OF CEMENT 

Sl.No Parametres Cement 

1 Specific gravity 3.08 

2 Fineness (%) 3.06 

3 
Standard 

consistency (%) 
31 

4 
Initial setting 

time (min) 
60 

5 
Final setting 

time (min) 
220 

6 
Compressive 

strength, N/mm2 
56 

TABLE III. PHYSICAL PROPERTIES OF AGGREGATES 

 

Sl.No. Parameters 
Aggregates 

NCA CRBA NFA 

1 
Specific 

Gravity 
2.65 1.83 2.6 

  
Water 

absorption 
0.25 12.9  - 

2  
Fineness 

Modulus 
6.6 6.52 3.52 

5 
Impact test 

(%) 
16.5 57  - 

6 
Crushing 

test (%) 
28.5 60.3   -  

 

Mix design 

The mix proportion adopted is 1:2:3.3 having 0.8% of 

SP, and 0.45 water cement ratio.  The concrete mixes 

were prepared using two fractions of coarse 

aggregates. The coarse aggregate   passing 20 mm and 

retained on 10 mm IS sieve is used as 60% while, the 

remaining 40% is the fraction passing 10 mm and 

retained on 4.75 mm IS sieve. The natural coarse 

aggregate is used in SSD state and natural fine 

aggregate are used in ambient dry state. 

Casting and curing of test specimens 

In compliance with IS: 10086 [18] 150 mm size 

concrete cubes and conforming to IS: 5816 [19]  

cylinders of size 150 mm dia. and 300 mm height are 

prepared. The specimens are removed from moulds 

After 24 hours,the specimens are removed from the 

moulds and immersed completely in the curing tank 

for curing. Compressive strength is evaluated using 4 

Cube specimens each at seven and twenty eight days 

, while the split tensile strength is found out using 3 

cylinder specimens.  

Tests performed on concrete mixes 

The main purpose of this experimental study is to 

evaluate the properties of concrete mixes by partially 

replacing NCA by CRBA. In view of this, 
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experiments are performed to evaluate the fresh and 

hardened properties of the concrete. 

Slump and compaction factor test were conducted to 

evaluate the fresh state of concrete. These tests were 

performed as per IS: 1199 [20]. 

The compressive strength of the concrete is tested as 

per the guidelines outlined in IS: 516 [21]. IS: 5816 

[19] is followed for testing tensile strength of 

concrete. 

Results and Discussions 

Fresh properties  

Table IV represents slump and compacting factor test 

results. With increase in CRBA content, the 

workability of the concrete decreases.   

TABLE IV. SLUMP AND COMPACTION FACTORS OF 

CONCRETE MIXES 

 

Compressive Strength 

The compressive strength of the concrete mixes with 

partial replacement of NCA by CRBA is listed in 

Table V. The compressive strength of CM at 7 and 28 

days is found to be 43.0 and 55.0 MPa respectively. 

Fig 1 represents the variation in compressive strength 

with partial replacement of NCA by CRBA. 

The compressive strength at 7 days for the concrete 

mixes CM, 10CRBA, 20 CRBA, 30 CRBA and 40 

CRBA are 0.78, 0.79, 0.66, 0.61 and 0.79 times that of 

28 days compressive strength of the respective mixes.   

 

 

TABLE V. COMPRESSIVE STRENGTH OF CONCRETE 

MIXES 

 

 

 

A marginal reduction in 28 days’ compressive 
strength is observed up to 20% replacement of NCA 

by CRBA. The percentage reduction corresponds to 

2% and 6% respectively. At 30% replacement level, 

the compressive strength is 46.9 MPa and the 

reduction is about 15%, as compared to CM. Nearly 

30% reduction in the compressive strength is 

observed at 40% replacement level. 

 

 

 

 

 

Brick bats 

as 

Mix 

Designation 

Slump 

in 

mm 

CF 

CM 120 0.93 

Partial 

replacement 

for NCA 

10 CRBA 90 0.93 

20CRBA 70 0.92 

30 CRBA 60 0.89 

40 CRBA 50 0.87 

Mix 

Designation  

Compressive Strength in MPa 

7 

days 
Average 

28 

days 
Average 

CM 

37 

43 

53.9 

55 
44.9 56.7 

45.1 52.9 

44.9 56.7 

10 CRBA 

43 

42.6 

52 

53.9 
42.4 53.6 

40.1 54 

44.9 56.1 

20 CRBA 

36 

34 

46.7 

51 
32.7 52 

34.5 51.8 

32.8 53.6 

30 CRBA 

30 

29 

42.1 

46.9 
25.3 49.9 

31 46.4 

29.7 49 

40 CRBA 

29 

29 

38.2 

36.4 
28.1 37.9 

28.1 36.9 

30.7 32.7 
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Fig. 1. Variation in compressive strength with 

partial replacement of NCA by CRBA 

Split tensile strength 

 

 

The split tensile strength of the concrete mixes with 

partial replacement of NCA by CRBA are given in 

Table VI 

TABLE VI. TENSILE STRENGTH OF CONCRETE MIXES 

 

Conclusion 

The experimental study resulted in the following 

conclusion: 

i. The workability of the concrete mixes decreases 

with an increase in CRBA and FRBA content.  

ii. A marginal reduction in 28 days compressive 

strength is observed up to 20% replacement of 

NCA by CRBA. The percentage reduction 

corresponds to 2% and 6% respectively. At 30% 

replacement level, the compressive strength is 

46.9 MPa and the reduction is about 15%, as 

compared to CM. A nearly 30% reduction in the 

compressive strength is observed at 40% 

replacement level. 

iii. The tensile strength decreases with increase in 

CRBA content in concrete mix 
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ABSTRACT 
 

In this paper the seismic performance of irregular steel structure with varying irregularity ratio have been 

investigated. For the study purpose, two different models with vertical geometric irregularity and plan 

irregularity according to IS 1893 (part 1) -2002 have been considered. The irregularity ratio (A/L) where A is 

offset and L is base width has been varied from 0.2 to 0.8. Irregular structures have been modeled using 

ETABS, a finite element software and plastic hinges are assigned to incorporate the inelastic seismic 

behaviour of structures. Performance of eleven irregular structures has been compared with regular frame 

structure in terms of base shear carrying capacity, roof displacement and performance point, using pushover 

analysis.  The results indicates that as irregularity ratio increases, base shear carrying capacity and 

performance point of irregular structure decreases.  

Keywords : Irregularity ratio; plan irregularity; pushover analysis; seismic behaviour; vertical geometric 

irregularity. 

 

I. INTRODUCTION 

 

An earthquake is a natural phenomenon which 

induces seis-mic wave causing ground motion, Due 

to this lateral forces will act on structures which in 

turn cause severe damage or collapse of structures. 

When the structure is under seismic excitations, 

elements in structure reaches its inelastic zone. For 

seismic evaluation, nonlinear behaviour of structure 

in inelastic zone plays significant role. Hence elastic 

behaviour of structure is not sufficient to analyses 

and design the structures [1]. During seismic 

excitations considering inelastic behaviour with 

elastic behaviour, the real behaviour of structures 

can be studied.  

In the last decade, pushover analysis is used to study 

performance of structure under seismic exaction. 

Pushover analysis is a sequential analysis method to 

study the inelastic behaviour of structures, when the 

structure pushed by providing monotonically 

increasing lateral force until a predefined target roof 

displacement is reached or till collapse of structure 

[2]. Also pushover analysis provides details regarding 

capacity curves and demand curves which represent 

ability of structure to resist the lateral loads and 

earthquake ground motion respectively [3]. 

Performance point can be obtained by superimposing 

capacity curves and demand curves on each other.  

Irregular structures have been commonly used due to 

site restriction, various functional requirements and 

architectural demands. Researchers have shown that, 

irregular structure attracts more seismic forces 

compared to regular structures [4]. In an earlier 

research authors have study on the amount of 
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eccentricity of structures effecting the seismic 

behaviour. Results indicates that as eccentricity 

increases, torsion increases. Due to which accuracy 

of seismic response is reduced [5]. Authors of the 

researcher studied seismic response considering 

various irregularities type of structural 

configurations. 

Shows than seismic response of structure varies with 

the irregularities type [6]. When plan irregularity 

and vertical irregularity structures on a sloping 

ground is considered, the vertical irregularity 

structures are more critical in seismic performance 

[7]. Also various researches have been carried out in 

order to study the seismic performance of steel frame 

structures. Results show that steel structures have 

high seismic performance [8-10]. However, limited 

studies have been carried out in the effect 

irregularity ratio on irregular steel structures for 

seismic evaluation. So in this study, using pushover 

analysis, the effect of irregularity ratio on vertical 

geometric irregularity and plan. 

 

II. METHODOLOGY 

A 10 story structure with height of each story 3 m is 

considered as regular structure. The plan of 

dimension 15 m × 15 m of regular structure 

considered in the study is given in Fig. 1. The rein-

forced concrete slab considered is of 150 mm thick 

with M 20 grade of concrete. Eleven irregular models 

are considered by varying irregularity ratio. The 

irregularity ratio is varied by varying the offset and 

keeping the base width constant.  

As per IS 1893 (part 1) – 2002 [11], Fig.2 shows, type 

(i) and type (ii) structures which are two types of 

vertical geometric irregularities. Fig.3 shows, type 

(iii) and type (iv) structures which are two types of 

plan irregularities. Fig. 4 to 6 shows the variation in 

irregularity ratio of type (i) structure. Fig. 7 and Fig. 

8 shows the variation in irregularity ratio of type (ii) 

structure. Fig. 9 to 11 shows the variation in 

irregularity ratio of type (iii) structure. Fig. 12 to 14 

shows the variation in irregularity ratio of type (iv) 

structure.  

      

Fig. 1. Plan of the building 

 

Fig. 2. Two types of vertical geometric irregularity as 

per IS 1893 (part 1) – 2002 

 

Fig. 3. Two types of plan irregularity as per IS 1893 

(part 1) – 2002 
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Fig. 4: Model 1, frame showing type (i) irregular 

structure with irregularity ratio of 0.4 

 
Fig. 5: Model 2, frame showing type (i) irregular 

structure with irregularity ratio of 0.6 

 

 

 
Fig. 6: Model 3, frame showing type (i) irregular 

structure with irregularity ratio of 0.8 

 

The dead and live loads are considered on structure 

is based on IS 875 (Part I) [12] and IS 875 (Part II) 

[13] respectively. Live load considered on all floors is 

3 kN/m2 and on roof is 1.5 kN/m2 with Dead load on 

floor is 1 kN/m2 on all structural models. For seismic 

evaluation, structural models considered is situated 

in seismic zone III with response reduction factor as 

four. All the structural configurations are having 

importance factor of one with soil type medium. 

Using ETABS, a finite element software, beams and 

columns are modelled as frame elements with slab 

considered as membrane element. For the seismic 

analysis simplicity structural models are considered 

fixed at the base. The structural models both regular 

and irregular structures are designed according to IS 

800 (2007) [14].  

The designed steel section used for beams, columns 

and bracings are ISMB 200, ISWB 600-2 and ISLB 

175 respectively with grade of steel used is Fe 250. 

The auto hinges for incorporation of inelastic 

behaviour of structures, M3, P-M2-M3 and P hinges 

are assigned to beams, columns and bracings 

respectively according to ASCE 41-13[15]. For 

seismic performance evaluation, the base shear 

carrying capacity, roof displacement and 

performance point are considered in both the 
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direction of applied earthquake loading i.e. X and Y 

direction. 

 

 
Fig. 7: Model 4, frame showing type (ii) irregular 

structure with irregularity ratio of 0.2 

 

 
Fig. 8: Model 5, frame showing type (ii) irregular 

structure with irregularity ratio of 0.4 

 

 

 

 
Fig. 10: Model 7, frame showing type (iii) irregular 

structure with irregularity ratio of 0.6 

 

 
Fig. 11: Model 8, frame showing type (iii) irregular 

structure with irregularity ratio of 0.8 

 

 
Fig. 12: Model 9, frame showing type (iv) irregular 

structure with irregularity ratio of 0.4 
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III. RESULTS AND DICUSSION 

 

The results obtained from nonlinear pushover 

analysis are dis-cussed here. Fig. 15 to 20 shows the 

capacity curves comparing the irregular structural 

models with regular structural model. The variation 

of capacity curves in Y direction for irregular 

structures of type (ii) and type (iv) follows the 

similar trend as shown in Fig. 17 and Fig. 20 

respectively.  

 
 

Fig. 15: Capacity curves, comparing vertical 

geometric irregularity of type (i) structures with 

regular structure in X direction of earthquake 

 

 
 

Fig. 16: Capacity curves, comparing vertical 

geometric irregularity of type (i) structures with 

regular structure in Y direction of earthquake 

 
Fig. 17: Capacity curves, comparing vertical 

geometric irregularity of type (ii) structures with 

regular structure in X direction of earthquake 

 

 
Fig. 18: Capacity curves, comparing plan irregularity 

of type (iii) structures with regular structure in X 

direction of earthquake 

 
 

Fig. 19: Capacity curves, comparing plan irregularity 

of type (iii) structures with regular structure in Y 

direction of earthquake 
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Fig. 18: Capacity curves, comparing plan irregularity 

of type (iii) structures with regular structure in X 

direction of earthquake 

 
 

Fig. 20: Capacity curves, comparing plan irregularity 

of type (iv) structures with regular structure in X 

direction of earthquake 

 

From Fig. 15 to 20, graph indicates that, as 

irregularity ratio increases, base shear carrying 

capacity of irregular structure decreases. Comparing 

roof displacement of all irregular structural models 

with roof displacement of regular structure, the 

values are almost same with few exception. There is 

reduction of 6.5% and 9% of roof displacement 

occurring in model 5 compared to regular structure 

in X and Y direction respectively. Whereas roof 

displacement is reduced by 18% in Y direction of 

model 8 compared to regular structure. The 

irregularity ratio of 0.4 have higher base shear 

carrying capacity compared to all other irregularity 

ratios considered in the study. The stiffness in all 

structural configurations along X direction is more 

compared to Y direction, hence base shear carrying 

capacity of all the models in X direction is higher. 

From Fig. 15 to 20, base shear carried by the 

irregular structures is considerably reduced when 

compared to regular structure. Table 1 shows 

percentage decrease in base shear along X and Y 

direction. 

 From Table 1, vertical geometric irregularity of type 

(i), the models 1, 2 and 3 shows an average reduction 

in base shear carrying capacity of 2%, 9% and 18.5% 

when compared to regular structure respectively. 

Whereas vertical geometric irregularity of type (ii), 

the average reduction in base shear carrying capacity 

of model 4 and model 5 are 26% and 64% when 

compared to regular structure respectively. Hence 

vertical geometric irregularity of type (i) models 

have shown higher base shear carrying capacity 

compared to type (ii) From Table 1, plan irregularity 

of type (iii), the models 6, 7 and 8 shows an average 

reduction in base shear carrying capacity of 19%, 

28% and 40% when compared to regular structure 

respectively. Whereas plan irregularity of type (iv), 

the average reduction in base shear carrying capacity 

of models 9, 10 and 11 are 25%, 38% and 52% when 

compared to regular structure respectively. Hence 

plan irregularity of type (iii) models have shown 

higher base shear carrying compared to type (iv) 

models for all irregularity ratios. The vertical 

geometrical irregularity of type (i) has higher base 

shear carrying capacity compared to all irregular 

configurations considered in the study. 

Table 2 and Table 3 shows the base shear carried and 

displacement at performance point of structures for 

earthquake in X and Y direction respectively. From 

the Table 2 and Table 3 the base shear carrying 

capacity at the performance point of regular 

structure is higher compared to all irregular models 

considered. As the irregularity ratio increases the 

base shear carrying capacity at performance point 

decreases for both X and Y direction of earthquake. 
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In irregular models the model 2 carried higher base 

shear capacity compared to all configurations 

considered in the study.   

TABLE 1: PERCENTAGE DECREASE IN BASE SHEAR FOR 

CORRESPONDING DIRECTION OF EARTHQUAKE 

Structur

al 

models 

Percentage decrease 

in base shear along 

in X direction (%) 

Percentage 

decrease in 

base shear 

along Y 

direction (%) 

Model 1 2.61 1.44 

Model 2 8.20 7.05 

Model 3 19.30 17.62 

Model 4 26.13 26.47 

Model 5 67.88 60.48 

Model 6 18.77 19.34 

Model 7 28.59 29.03 

Model 8 39.34 41.66 

Model 9 24.80 25.91 

Model 

10 
37.56 38.85 

Model 

11 
52.00 51.81 

TABLE 2: THE BASE SHEAR CARRIED AND ROOF 

DISPLACEMENT AT PERFORMANCE POINT OF 

STRUCTURE FOR EARTHQUAKE IN X DIRECTION 

Structur

al 

models 

Performance point   

Base shear (kN) 
Base shear 

(kN) 

Model 1 3639.88 360.22 

Model 2 3196.81 354.53 

Model 3 2552.29 348.74 

Model 4 2481.46 351.81 

Model 5 961.55 328.74 

Model 6 3030.24 365.72 

Model 7 2619.79 373.43 

Model 8 2206.91 393.84 

Model 9 2760.60 362.50 

Model 

10 
2206.94 372.26 

Model 1643.24 409.63 

Structur

al 

models 

Performance point   

Base shear (kN) 
Base shear 

(kN) 

11 

 

TABLE 3: THE BASE SHEAR CARRIED AND 

DISPLACEMENT AT PERFORMANCE POINT OF 

STRUCTURE FOR EARTHQUAKE IN Y DIRECTION 

Structur

al 

models 

Performance point   

Base shear (kN) 
Base shear 

(kN) 

Model 1 2829.74 526.64 

Model 2 2495.44 516.19 

Model 3 2057.33 477.22 

Model 4 2030.35 449.27 

Model 5 954.54 369.85 

Model 6 2363.28 468.39 

Model 7 2041.52 458.85 

Model 8 1720.31 450.24 

Model 9 2152.02 471.53 

Model 

10 
1720.90 458.09 

Model 

11 
1287.26 436.65 

 

IV. CONCLUSION 

 

Based on the result and discussion it can be 

concluded that, as irregularity ratio increases, base 

shear carrying capacity and performance point of 

irregular structure decreases. Regular structural 

model showed higher seismic performance in both X 

and Y direction compared to all irregular structural 

models considered. The vertical geometrical 

irregularity models of type (i) has higher seismic 

performance compared to all the irregular 

configurations considered in the study. Also vertical 

geometrical irregularity of type (ii) has least seismic 

performance compared to all the irregular 

configurations considered in the study 
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ABSTRACT 
 

Due to rapid urbanization in India, environmental impacts from construction and demolition (C&D) waste 

are increasingly becoming a major issue in urban waste management. Construction and demolition waste is 

generated whenever any construction/demolition activity takes place. It consists mostly of inert and non-

biodegradable material such as concrete, plaster, metal, wood, plastics etc. A major part of this waste comes to 

the municipal stream. This study aims to focus on the possibilities of reuse, recycling and renovation in 

reducing C&D waste. Various practices of reuse and recycling like renovation, concrete recycling, and 

deconstruction were studied. Along with reduction in C&D waste these practices can reduce the exploitation 

of virgin natural resources.  Renovation of existing residential building for new requirements was done to 

reduce the demolition waste produced. It helped in the onsite reuse of functional parts of existing building for 

the new building. In this particular study we were able to save the entire foundation, roofing frame, flat slab 

and 73.84% of wall for superstructure. 

Keywords : Construction & demolition waste, deconstruction, renovation, recycling, reuse, material recovery 

 

I. INTRODUCTION 

 

Parallel to rapid urbanization in India, 

environmental impacts from construction and 

demolition (C&D) waste are increasingly becoming a 

major issue in urban waste management. C&D waste 

management in India and other developing countries 

is relatively underdeveloped and emerging. 

Particularly in mega-cities, where rapid population 

growth and economic development is evident, an 

increasing growth of built environment is also 

manifested. This built environment includes the 

urban infrastructures, high rise commercial buildings 

and residential buildings, among others. 

Construction, renovation, and demolition activities 

of the built environment cause C&D waste 

contributing to one of the major environmental 

burdens. Furthermore, these environmental burdens 

of waste emission continue with current poor solid 

waste management and limited solid waste facilities 

which are evident in most of mega-urban centers. 

Apart from this construction Industry is the largest 

sector in respect of consumption of energy. It 

consumes around 2/5th of the total consumed energy 

throughout the world. Resource utilization in case of 

construction industry amounts to half of the total 

resource used all over the world.[1] 

 

Construction and demolition waste is generated 

whenever any construction/demolition activity takes 

place. It consists mostly of inert and non-

biodegradable material such as concrete, plaster, 

metal, wood, plastics etc. A part of this waste comes 

to the municipal stream. These wastes are heavy, 

having high density, often bulky and occupy 

considerable storage space either on the road or 

http://ijsrcseit.com/
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communal waste bin/container. Waste from small 

generators like individual house construction or 

demolition, find its way into the nearby municipal 

bin/vat/waste storage depots, making the municipal 

waste heavy and degrading its quality for further 

treatment like composting or energy recovery. A 

large part of it from bulk generators goes to existing 

landfills, eating into their spaces. [1] 

  

It is estimated that the construction industry in India 

generates about 10-12 million tons of waste annually. 

It constitutes about 10-20 % of the municipal solid 

waste (excluding large construction projects). While 

some of the items like bricks, tiles, wood, metal etc. 

are re-used and recycled, concrete and masonry, 

constituting about 50% of the C&D waste is not 

currently recycled in India. The fine dust like 

material (fines) from C&D waste is presently not 

being used and thus wasted. 

 

C&D waste requires focus primarily in view of (i) its 

potential to save natural resources (stone, river sand, 

soil etc.) and energy (ii) its bulk, which is carried for 

long distances without any proportionate return (iii) 

the space it occupies at the sanitary landfill site 

unless the fines are used as landfill cover, (iv) its 

potential for spoiling processing of biodegradable as 

well as other recyclable waste. On the other hand it 

has potential use after processing and grading. There 

is a huge demand of aggregates in the housing and 

road sectors but there is significant gap in demand 

and supply, which can be reduced by recycling 

construction and demolition waste to certain 

specifications. Thus, its presence in terms of quantity 

as well as its importance is growing. So far in India 

there is very little effort to manage and utilize 

construction and demolition waste.[1] 

CONSTRUCTION & DEMOLITION WASTE 

Construction and demolition waste is generated 

whenever any 

Construction/demolition activity takes place, such as, 

building roads, bridges, flyover, subway, remodeling 

etc. It consists mostly of inert and non-biodegradable 

material such as concrete, plaster, metal, wood, 

plastics etc. A part of this waste comes to the 

municipal stream. 

 

These wastes are heavy, having high density, often 

bulky and occupy considerable storage space either 

on the road or communal waste bin/container. It is 

not uncommon to see huge piles of such waste, 

which is heavy as well, stacked on roads especially in 

large projects, resulting in traffic congestion and 

disruption. Waste from small generators like 

individual house construction or demolition, find its 

way into the nearby municipal bin/vat/waste storage 

depots, making the municipal waste heavy and 

degrading its quality for further treatment like 

composting or energy recovery. Often it finds its way 

into surface drains, choking them. It constitutes 

about 10-20 % of the municipal solid waste 

(excluding large construction projects). [1] 

 

It is estimated that the construction industry in India 

generates about 10-12 million tons of waste annually. 

Projections for building material requirement of the 

housing sector indicate a shortage of aggregates to 

the extent of about 55,000 million cu.m. An 

additional 750 million cu.m. aggregates would be 

required for achieving the targets of the road sector. 

Recycling of aggregate material from construction 

and demolition waste may reduce the demand-

supply gap in both these sectors.[1] 

 

While retrievable items such as bricks, wood, metal, 

titles are recycled, the concrete and masonry waste, 

accounting for more than 50% of the waste from 

construction and demolition activities are not being 

currently recycled in India. Recycling of concrete 

and masonry waste is, however, being done abroad 

in countries like U.K., USA, France, Denmark, 

Germany and Japan.[1] 

 STORAGE OF CONSTRUCTION AND 

DEMOLITION WASTE 

C&D wastes are best stored at source, i.e., at the 

point of generation. If they are scattered around or 
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thrown on the road, they not only cause obstruction 

to traffic but also add to the workload of the local 

body. All attempts should be made to stick to the 

following measures: 

 

1. All construction/demolition waste should be 

stored within the site itself. A proper screen 

should be provided so that the waste does not get 

scattered and does not become an eyesore. 

2. Attempts should be made to keep the waste 

segregated into different heaps as far as possible 

so that their further gradation and reuse is 

facilitated. 

3. Material, which can be reused at the same site 

for the purpose of construction, leveling, making 

road/pavement etc. should also be kept in 

separate heaps from those, which are to be sold 

or land filled. 

4. The local body or a private company may 

arrange to provide appropriate number of skip 

containers/trolleys on hire which may be parked 

at the site and removed with skip lifters or 

tractors as the case may be. 

5. Whenever a new streamlined system is 

introduced in a municipality, the local body may 

consider using its old vehicles, especially, tractors 

and trailers or old Lorries or tippers for this 

purpose. 

6. For large projects involving construction of 

bridges, flyovers, subways etc., special provision 

should be made for storage of waste material. 

Depending on the storage capacity, movement of 

the waste has to be planned accordingly. 

Otherwise, it would result in job constraint as 

well as traffic bottlenecks. 

7. This subject is often neglected in case of 

repair/maintenance of roads, water pipes, 

underground telephone and electric cables etc. It 

is not uncommon to see that after such work, the 

waste remains piled for months on the roads or 

pavements. The concerned departments and 

contractors must co-ordinate with the 

municipality for removal of the debris generated. 

The municipality while giving permission for 

such work should clearly sort out the issue of 

removal of the debris and should insist that 

immediately after the job is over, the road should 

be repaired and brought back to its normal shape. 

[1] 

 

RECYCLING AND REUSE OF C&D WASTE 

The use of these materials basically depends on their 

separation and condition of the separated material. A 

majority of these materials are durable and therefore, 

have a high potential of reuse. It would, however, be 

desirable to have quality standards for the recycled 

materials. Construction and demolition waste can be 

used in the following manner: [1] 

1. Reuse (at site) of bricks, stone slabs, timber, 

conduits, piping railings etc. to the extent 

possible and depending upon their condition. 

2. Sale / auction of material which cannot be used at 

the site due to design constraint                or change 

in design. 

3. Plastics, broken glass, scrap metal etc. can be used 

by recycling industries. 

4. Rubble, brick bats, broken plaster/concrete pieces 

etc. can be used for building activity, such as, 

leveling, under coat of lanes where the traffic does 

not constitute of heavy moving loads. 

5. Larger unusable pieces can be sent for filling up 

low-lying areas. 

6. Fine material, such as, sand, dust etc. can be used 

as cover material over sanitary landfill. 

Metropolitan and mega cities usually generate huge 

quantities of wastes because of large-scale building 

and other developmental activities. They may 

identify suitable sites where such waste can be 

temporarily stored and some physical treatment can 

be carried out. [1] 

DISPOSAL OF C&D WASTE 

Being predominantly inert in nature, construction 

and demolition waste does not create chemical or 

biochemical pollution. Hence maximum effort 

should be made to reuse and recycle them as 

indicated above. The material can be used for 
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filling/leveling of low-lying areas. In the 

industrialized countries, special landfills are 

sometimes created for inert waste, which are 

normally located in abandoned mines and quarries. 

The same can be attempted in our country also for 

cities, which are located near open mining quarries 

or mines where normally sand is used as the filling 

material. However, proper sampling of the material 

for its physical and chemical characteristics has to be 

done for evaluating its use under the given 

circumstances. [1] 

CHALLENGES IN C&D WASTE RECYCLING 

C&D waste is a major component of the solid waste 

stream, which should be recognized as a valuable 

resource as large quantities of it could either be 

reused or recycled. C&D waste has been mostly 

overlooked in the efforts to reduce waste sent to 

landfill, with the emphasis being placed on domestic 

reuse and recycling. With this view, Asian countries 

have a problem of disposal sites of which C&D waste 

largely account to it. Environmental issues such as 

increase in volume and type of waste, resource 

depletion, shortage of landfill and illegal dumping, 

among others are evident in countries in the region. 

Furthermore, the Asian countries have limited or no 

available data on C&D waste and the management 

aspects, particularly with regards to their C&D waste 

generation and composition; practices and policy, 

key actors and stakeholders’ participation and 
available technology related to 3Rs. Most of the local 

governments do not recognize and include C&D 

waste in their waste management plan. [1] 

CONCRETE RECYCLING  

Concrete is a composite construction material 

composed primarily of aggregate, cement and water. 

Concrete is everywhere. Concrete is widely used for 

making architectural structures, foundations, 

brick/block walls, pavements, bridges/overpasses, 

motorways/roads, runways, parking structures, dams, 

pools/reservoirs, pipes, footings for gates, fences and 

poles and even boats. Twice as much concrete is used 

in construction around the world than the total of all 

other building materials, including wood, steel, 

plastic and aluminium. Concrete is extremely 

durable and can last for hundreds of years in many 

applications. Concrete is an excellent material to 

make long-lasting and energy-efficient buildings. 

However, even with good design, human needs 

change so buildings will be demolished and thus 

potential waste will be generated. [6] 

 

Concrete has fairly unique properties and its 

recovery often falls between standard definitions of 

reuse and recycle. Concrete is rarely able to be 

“reused” in the sense of being reused in its original 

whole form. Nor is it “recycled” back into its original 
input materials. Rather, concrete is broken down 

into smaller blocks or aggregate for use in a new life. 

So generally “recycled concrete” refers to concrete 
that has been diverted from waste streams and 

reused or recovered for use in a new product. 

Concrete recycling is a well established industry in 

many countries and most concrete can be crushed 

and reused as aggregate.[6] 

Concrete can be recycled from: 

• Returned concrete which is fresh (wet) from 

ready mix trucks 

• Production waste from a pre-cast production 

facility 

• Waste from construction and demolition 

The most significant source is demolition waste. 

It is a material that can last for a very long time, and 

most concrete waste is generated not because the 

concrete is worn out, but usually because the 

structure itself has become redundant with changing 

infrastructure needs and planning. In some countries 

near full recovery of concrete is achieved, in most 

parts of the world the potential to recover concrete is 

overlooked and it ends up as unnecessary waste in 

landfill. Extraction of materials for aggregates like 

broken stone, sand etc create significant 

environmental degradation, pollution and energy 

consumption. Recycling of concrete can replace a 

considerable amount of natural aggregate required 
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for the production of concrete and other purposes 

like road construction. [6] 

DECONSTRUCTION 

Deconstruction is a relatively recent practice in 

which buildings are carefully dismantled to salvage 

components for reuse and recycling. Its benefits 

include reducing the amount of construction and 

demolition (C&D) waste going to landfills, 

conserving resources through recycling, generating 

marketable products from salvage, providing job 

training to low and unskilled workers, and creating 

jobs. Deconstruction is a process of building 

disassembly in order to recover the maximum 

amount of materials for their highest and best re-use. 

Re-use is the preferred outcome because it requires 

less energy, raw materials, and pollution than 

recycling does in order to continue the life of the 

material. As a consequence of deconstruction, there 

are also many opportunities for recycling other 

materials along the way. [7]  

Deconstruction combines the recovery of both 

quality and quantity of reusable and recyclable 

materials. The re-use of materials can serve a broad 

set of goals including the provision of low-cost 

building materials to a community, and the 

avoidance of demolition debris going to landfills. [7] 

 

The deconstruction process roughly follows the 

reverse of the construction process. The premise is 

that materials which have been put on last will come 

off first. Variations occur for whole building sections, 

for example, an addition will be removed in its 

entirety separately from the rest of the building. The 

practice of focusing on each material type in a 

reverse order of the construction process is more 

efficient for separating materials for reuse, recycling, 

and disposal at the time of removal. Additions are an 

impediment to removing one type of material or 

whole sections of the original structure, but can 

provide a working surface for other parts of the 

building, and be structurally dependent on other 

parts of the building.  

EPA ON DECONSTRUCTION  

According to the Old Research Report on Recycling; 

Training Programs; Environmental Protection 

Department; Demolition EPA defines 

“deconstruction” as the disassembly of buildings to 
safely and efficiently maximize the reuse and 

recycling of their materials. While windows, doors 

and light fixtures are routinely salvaged as part of 

standard demolition practice, deconstruction also 

aims to save and reuse flooring, siding, roofing, and 

framing where these materials have retained their 

value. In some cases, EPA notes, deconstruction can 

save materials that are otherwise not available, such 

as old-growth Douglas fir and redwood lumber. [8] 

EPA calls deconstruction a “grave-to-cradle” 
program that helps take care of the enormous stock 

of buildings reaching the end of their useful lives 

while simultaneously reducing the pressure to mine 

or harvest natural resources for new construction, 

reducing the need for landfill space, and creating 

new jobs. [8] 

According to EPA, construction activities consume 

60% of the total raw materials used in the U. S. 

economy. EPA estimates that 136 million tons of 

building-related C&D waste is generated annually, of 

which 92% is from renovation and demolition work. 

Only 20 to 30% of C&D waste is being recycled. [8] 

 Deconstruction provides the following 

environmental benefits:- 

• Reducing the C&D waste stream, saving landfill 

space. 

• Saving natural resources that would otherwise be 

used, reducing the need for, and environmental 

impacts of, mining and timber-cutting. 

• Saving energy by reusing and recycling 

materials. 
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Reducing job site pollution from dust, airborne lead 

and asbestos   

 Deconstruction provides the following social 

benefits: 

• Creates jobs because it requires more labour. 

• Deconstruction’s basic skills are easily learned, 
enabling unskilled and low-skilled workers to 

receive on-the-job training. 

TYPICAL METHODS OF DECONSTRUCTION 

Deconstruction is commonly separated into two 

categories; structural and non-structural. Non-

structural deconstruction, also known as “soft-
stripping”, consists of reclaiming non-structural 

components, appliances non doors, windows, and 

finish materials. The reuse of these types of materials 

is commonplace and considered to be a mature 

market in many locales. [8] 

Structural deconstruction involves dismantling the 

structural components of a building. Traditionally 

this had only been performed to reclaim expensive or 

rare materials such as used brick, dimension stone, 

and extinct wood. In antiquity, it was common to 

raze stone buildings and reuse the stone; it was also 

common to steal stones from a building that was not 

being totally demolished: this is the literal meaning 

of the word dilapidated. Used brick and dimension 

limestone in particular have a long tradition of reuse 

due to their durability and color changes over time. 

Recently, the rise of environmental awareness and 

sustainable building has made a much wider range of 

materials worthy of structural deconstruction. Low-

end, commonplace materials such as 

dimensional lumber have become part of this newly 

emerging market. [8] 

RENOVATION 

Renovation is the process of modifying an existing 

structure to suit the modern requirements of users. 

This is an existing practice locally but not widely 

practiced and it can enable the reuse of building 

materials producing material savings. Buildings are 

usually demolished not because they are completely 

damaged and become useless, but usually because the 

building itself has become redundant with changing 

needs and lifestyle. Therefore instead of demolishing 

the existing building and constructing a new 

building, existing building can be modified to suit 

the current needs. This can considerably reduce the 

amount of demolition waste generated. This is an 

alternative that should be considered before the 

demolition of any building. 

CASE STUDY 

In order to make an assessment of the renovation 

process in material savings we have done a case study 

on a renovated building. It is a residential building in, 

Kollam, Kerala, India. 

 

DETAILS OF OLD BUILDING 

Total area      : 196.98m2 (excluding porch) 

Roof             : Sloping tiled roof, RCC flat roof 10cm 

thick 

Floor             : Mosaic floor 

Plastering      : Cement Plastering. 

Walls             : 20 cm thick laterite wall. 

 

Existed old building had various issues like: 

• Inadequate ventilation 

• Insufficient daylight 

• Outdated fashion 

• Outdated function 

• Inadequate living space 

In order to overcome the above mentioned 

difficulties and to satisfy the requirements of the 

residents the house had been renovated. We 

compared both the buildings with available data 

on both like building drawings and data collected 

during the site visit and documentation of the 

renovated building by our project team.  

DETAILS OF RENOVATED BUILDING 

Total area      : 196.98m2 (excluding porch) 

Roof             : Sloping tiled roof, RCC flat roof 10cm 

thick 
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Floor             : Vitrified tiles 

Plastering      : Cement Plastering 

Walls             : 20 cm thick laterite wall 

FOUNDATION 

Foundation of the old building did not have any 

settlement or weakness, therefore existed foundation 

is completely retained for the renovated building. 

5.12m of new wall is constructed to make minor 

changes in the plan new foundation is given for this 

much length. 

According to this almost entire foundation for the 

renovated building is retained from the old building. 

This means the saving of 71.13m3 of foundation 

material which was needed to provide foundation for 

the new building. Currently demolition waste from 

random rubble masonry is not recycled or reused 

except for usable rubble after demolition in some 

cases. So retaining effectively reduced the demolition 

waste. This can be considered as the reuse of existed 

foundation in the renovated building which leads to 

the saving of material and reduction in waste 

production.    

 

WALLS 

 

The major issue that was addressed in the renovated 

building is lack adequate space for living and dining 

areas and ventilation and lighting in the interior 

parts of the building. For this purpose some of the 

interior walls of the building were removed some 

small partition walls are added. This was one of the 

major restructuring processes in the renovation of 

this building. Changes in the superstructure have 

lead to the removal and addition of considerable 

amount of brick work. Walls of the old building 

were of laterite and the newly added partitions and 

walls were of brick masonry. 

 

According to the calculations is 26.16% (17.09m3) of 

laterite wall is removed and 17.22% (11.25m3) of 

brick wall is added in the renovation of the building. 

This means 73.84% of laterite wall in the old 

building is retained in the renovated building. This 

saved 48.24m3 of brick masonry needed for the 

construction of the building if the old building was 

completely demolished. It also reduced the amount 

of demolition waste from the superstructure by 

about 74% and reuse of the same amount of material 

in the new building. 

 

Table1: Total quantity of wall of superstructure 

 

 

 

 

 

 

 

SL 

N

o. 

Descrip

tion 

Numb

ers 

Leng

th 

(m) 

Brea

dth  

(m) 

Heig

ht 

(m) 

Quant

ity 

(m3 ) 

1 Laterite 

wall 

20cm 

thick 

1 133.

26 

0.2 3 79.9 

 Deducti

ons 

     

2 Door 1 17 1 0.2 2 6.8 

3 Door 2 15 0.9 0.2 2 1.44 

4 Openin

g 

1 2 0.2 3 1.2 

5 Windo

w 1    

5 1.5 0.2 1.5 2.25 

6 Windo

w 2 

9 1 0.2 1.5 2.7 

8 Ventilat

or 

3 0.9 0.2 0.5 0.24 

 Total 

Deducti

on 

    14.63 

 Total     65.33 
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Table 2: Total quantity of wall removed 

 

Table 3: Quantity of wall added 

S

L 

N

o. 

Descrip

tion 

Num

bers 

Leng

th 

(m) 

Bread

th 

(m)  

Heig

ht 

(m) 

Quan

tity  

(m3) 

1  10cm 

wall 

1 5.99 0.1 3 1.797 

2 20cm 

wall 

1 15.7

5 

0.2 3 9.45 

 Total     11.25 

 

ROOFING 

The roof provided in the old structure was a 

combination of both flat roof and tiled sloping roof. 

The tiled sloping roof in the rear half of the building 

and the front half of the building was RCC flat roof. 

The roof frame of tiled roof had no considerable 

damage and the flat roof had leaking problems which 

had to be addressed to retain it. In the renovated 

building the entire roof frame is retained to provide 

roofing for the rear half of the building. The roofing 

tiles were replaced with GI sheets in order to reduce 

the load on the structure. The purlins provided 

earlier where not in the same level, thus replacement 

of the tiles with GI sheet was affected. The GI sheets 

would bend along the unlevelled purlins. New 

purlins of rectangular steel tubes were provided at 

2m distance to hold the sheets. Old timber purlins 

were retained as removing them was an unnecessary 

operation. The flat roof at the front portion of the 

building had leakage problems which had to be 

solved at minimum cost. Demolition and 

reconstruction of the flat roof was not economical. 

The best solution was to erect steel trusses and lay 

GI sheets over them. This provided uniformity in the 

structure which was a boost to its aesthetics. 

 

In this renovation adopted for roofing entire roof 

frame and flat slab is reused in the renovated 

building, which saved the materials to provide new 

roofing for the new building. The removed roofing 

tiles have an existing market where they are sold for 

reuse. Retaining of the flat roof by addressing the 

leaking problem by providing a sloping GI sheet roof 

not only reduced the demolition concrete waste, 

which is not currently recycled in India, but also 

prevented the difficult process of demolition of flat 

slab which can damage the walls it is supported on. 

 

DOORS AND WINDOWS 

The doors and windows initially used were not of 

standard size and their placement and size according 

to the renovated design was different to provide 

adequate lighting and ventilation. Therefore the 

entire frames and shutters of doors and windows 

were replaced by new ones .Number of windows in 

the old building was increased due to insufficient 

lighting.  

 

The doors and windows removed from old building 

can be reused and there is an existing market for 

them where they are sold for reuse or they are used 

to make components for new timber products.  

 

 

 

 

SL 

N

o. 

Descript

ion 

Numb

ers 

Leng

th 

(m) 

Brea

dth 

(m) 

Hei

ght 

(m) 

Quant

ity 

m3 

1 Laterite 

Wall 

 20cm 

thick 

1 31.82 0.2 3 19.09 

 Deducti

ons 

     

2 Door 1 1 1 0.2 2 0.4 

3 Door 2 4 0.9 0.2 2 1.6 

 Total 

 

Deducti

on 

    2 

 Total     17.09 
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FLOORING 

Initially the flooring provided was mosaic. It had 

minor damages and low aesthetic appeal. New 

flooring was provided using vitrified tiles over the 

existing floor to improve its aesthetic appearance.  

 

Conclusion 

According to our assessment this renovation process 

has achieved considerable material savings. The 

amount of demolition waste produced is reduced to a 

great extend. Renovation provides an opportunity to 

reuse the functional parts of the old building in the 

renovated building as such for the same function or 

with necessary modification by retaining them in the 

renovated building. In this particular study we were 

able to save the entire foundation, roofing frame, flat 

slab and 73.84% of wall for superstructure. 

Renovation also promotes deconstruction instead of 

demolition in order to prevent damage to parts of 

building which is to be retained, which can increase 

the amount of reusable material extracted from the 

building. Possibilities of renovation should always be 

considered before the demolition of any building.  

 

II. REFERENCES 

 

[1]. Solid Waste Management Manual, Ministry of 

Urban Development, Govt. of India, 2000 

[2]. Report of the Committee to Evolve Road Map 

on Management of Wastes in India, 2010 

[3]. Report on Reduce, Reuse and Recycle (3R) 

Practices in Construction and Demolition 

Waste Management in Asia by Asian Institute 

of Technology School of Environment, 

Resources and Development, Thailand, 2008  

[4]. Shima, Tateyashiki, Matsuhashi, Yoshida, An 

Advanced Concrete Recycling Technology and 

its Applicability Assessment through Input-

Output Analysis, January 2005 

[5]. Macozoma, 2000, cited in UNEP, 2002: 249  

[6]. The Cement Sustainability Initiative (CSI) final 

report, 2009  

[7]. Bradley Guy, Eleanor M. Gibeau, A Guide to 

Deconstruction, January 2003  

[8]. Paul Frisman, Old Research Report on 

Recycling; Training Programs; Environmental 

Protection Department; Demolition; December 

2004  

[9]. Management of construction and demolition 

waste in India, Working Sub-Group on 

construction and demolition waste, April 2009  

[10]. Y. Dosho, Development of a sustainable 

concrete waste recycling system: Application 

of recycled aggregate concrete produced by 

aggregate replacing method, 2006  

[11]. Concrete Waste Management, California 

Stormwater BMP Handbook, January 2003 

12Deconstruction - Building Disassembly and 

Material Salvage: The Riverdale Case Study, 

NAHB Research Center, June 1997 

[12]. RCRA in focus: Construction, Demolition and 

Renovation, United States Environmental 

Protection Agency, September 2004  

[13]. Utilization of Waste from Construction 

Industry, Technology Information Forecasting 

and Assessment Council (TIFAC), 2001 

[14]. Patrick J. Dolan, Richard G. Lampo, and 

Jacqueline C. Dearborn, Concepts for Reuse 

and Recycling of Construction and Demolition 

Waste, June 1999 

 



CSEIT1949115  | Published - 21  Dec 2019 | November-December-2019 [ (4 )  9 : 92-100 ] 

 

International Conference on Innovative Research in Engineering, Management and Sciences  

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2019 IJSRCSEIT | Volume 4 | Issue 9 | ISSN : 2456-3307 

 

92 

 

Bengaluru City Water Quality Testing 
Swetti Jha 

Department of Civil Engineering, New Horizon College of Engineering, Outer Ring Road, Marathalli, 

Bengaluru, Karnataka, India 

 

ABSTRACT 
 

Physical assessment of drinking water quality was carried out for the samples taken in Bangalore, India. Being 

one of the fatest growing cities in india, inevitably Bangalore is facing the pressure of supplying safe and 

healthy drinking water to such a huge population. Therefore it is of high importance quality in such place. In 

this present study water samples were collected from all over Bangalore peripheral regions as well as 

proportions from the central region as well. Test for pH and TDS were carried 20 samples. The whole city was 

divided in four regions for well parameter was found to fairly exceed the standard values in certain places. All 

the unfitness of the water may has occurred due to the poor storage and maintenance system. All the limit 

came high in some sector depending upon external sources. It is evident that more than 50 percent of water 

samples are non portable as per Indian standard 

Keywords : pH, total dissolved solids, water analysis and Quality assessment. 

 

I. INTRODUCTION 

 

Our planet Earth is a live planet because of some 

special ingredients out of which water plays a great 

role. Water has been considered as the most 

important and vital resource for the upbringing of 

biological sphere as well as the human civilisation. 

The other agents which are responsible for the 

biosphere on globe are Air, Heat, Soil, Sky. All these 

agents are linked in between themselves to a much 

greater extent and any irregularities in one of them 

affects others as well. Along with the progress of our 

civilisation, these resources have begun being 

polluted and its quality started depleting due to 

various reasons like the onset of industries, domestic 

wastes, runoff from urban areas, urban and rural 

garbage. 

                        With the onset and progress of human 

civilisation, it has constantly been observed that the 

coastal areas as well as the river banks have been the 

most populated spots on account of the availability of 

ample water resources for the maintenance of daily 

life along with farming and other climatic advantages. 

The cities and towns always have shown the rising 

trend of population because of the easy earning 

sources due to the various industries which are setup 

to meet the increasing demand of the growing 

civilisation. Because of this, day by day urban areas 

are being densely populated and as a result, the 

surrounding areas of cities are suffering from various 

kinds of pollutions like air, water, soil pollution and 

many more due to sewage, garbage, dumps and 

barnyard manures etc. 

                        The majority of water for Bangalore is 

imported by the BWSSB from the Cauvery river, 

over 100 km south of the city Cauvery water was 

originally drawn from a reservoir near the village of 

Thorekadanahalli. Up to 20% of the normal water 

supply for Bangalore comes from the Arkavathy river, 

from two reservoirs built on the river, the 

http://ijsrcseit.com/
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Hesaraghatta built in 1894 and Tippagondanahalli 

Reservoir, which was built in 1933. BWSSB 

currently supplies approximately 900 million litres 

(238 million gallons) of water to the city per day, 

despite a municipal demand of 1.3 billion litres. 

                         Universally, requirement for 

freshwater will continue to rise significantly over the 

coming decades to meet the needs of increasing 

populations, growing economies, changing lifestyles 

and evolving consumption patterns. This will greatly 

amplify the pressure on limited natural resources and 

ecosystems. Unsafe water and sanitation account for 

almost one tenth of the global burden of disease. 

According to the World Commission on water for 

the 21st century, more than half of the world’s major 

rivers are depleted and contaminated to the extent 

that they threaten human health and poison the 

surrounding ecosystems (Interpress, 1999). 

Contaminated drinking water can cause various 

diseases such as typhoid fever, dysentery, cholera 

and other intestinal diseases. 

                          In India, rivers are an important 

source of water, as many Indian cities are situated on 

the banks of the rivers. Untreated discharge of 

pollutants into a river from domestic sewers, storm 

water discharges, industrial wastewaters, agricultural 

runoff and other sources can have short-term as well 

as long-term effects on the water quality of a river 

system. Total 80% of the water in India has become 

polluted due to the discharge of untreated domestic 

sewage and partially-treated industrial effluents into 

the natural water source. High levels of pollutant 

input in river water systems cause an increase in 

biological oxygen demand (BOD), chemical oxygen 

demand(COD), total dissolved solids (TDS), total 

suspended solids (TSS), metals such as Cd, Cr, Ni and 

Pb, and fecal coliforms (Mohd Kamil,1991; 

Sangodoyin, 1991; Chatterjee et al., 2000; Adekunle 

and Eniola, 2008). 

                              In the study area considered, 

peoples are using contaminated water for various 

purposes and are facing different health problems. 

Hence, the present study aims at assessment of water 

quality in the area considered and suggesting 

mitigate measures for the problems related to water 

pollution. An understanding of water chemistry is 

the bases of the knowledge of the multidimensional 

aspect of aquatic environmental chemistry which 

involves the source, composition, reactions and 

transportation of water. The quality of water is of 

vital concern for the mankind since it is directly 

linked with human welfare. 

 

1.1 OBJECTIVES OF THIS PROJECT 

             There are two types of objectives here: - 

narrative and numerical.  

• Narrative objectives present general 

descriptions of water quality that must be 

attained through pollutant control measures 

and watershed management.  

• Narrative objectives also serve as the basis for 

the development of detailed numerical 

objectives. 

• numerical objectives were developed 

primarily to limit the adverse effect of 

pollutants in the water column.  

• Numerical sediment objectives, that will 

ensure the protection of all current and 

potential beneficial uses. 

• Numerical objectives typically describe 

pollutant concentrations, physical/chemical 

conditions of the water itself, and the 

toxicity of the water to aquatic organisms. 

•  These objectives are designed to represent 

the maximum amount of pollutants that can 

remain in the water column without causing 

any adverse effect on organisms using the 

aquatic system as habitat, on people 

consuming those organisms or water, and on 

other current or potential beneficial uses. 

       These water quality objectives are considered 

necessary to protect the present and potential 

beneficial uses and to protect existing high quality 

waters of the state. These objectives will be achieved 

primarily through establishing and enforcing waste 

discharge requirements and by implementing this 

water quality control plan 
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2. STUDY AREA: 

 

The chemical analysis of drinking water study was 

performed in Bangalore Urban District dividing the 

whole city into six meta divisions i.e. North, East, 

South-East, South, West and Central. Bangalore is 

the capital city of Karnataka with a geographical 

location of latitude 12o.58N and longitude of 77o.35E, 

921 m above the sea level. Historically, Bangalore 

Water Supply and Sewage Board (BWSSB) used to 

supply the drinking water i.e. Cauvery river water, 

to the central region of the Bangalore as it was the 

main populated and core region of the city. But, the 

peripheral regions have recently being populated 

because of the rapid urbanization and 

industrialization. Hence, the drinking water supply 

has become inadequate enough to supply water 

throughout the city now developed. The current 

situation, obviously compelling the dwellers to 

procure drinking water from alternative sources such 

bore wells, tankers which is in turn is nothing but 

the ground water. This urbanization phenomenon in 

developing countries like India with still developing 

sanitation and safe water supply protocols is leading 

to consumption of contaminated water in several 

occasions leading to serious health concerns. Hence; 

it is of urgent and immense importance to scrutinize 

the drinking water quality in these areas and the 

same has been determined in this study. 

2.1 Sampling: In order to keep the sample collection 

and analysis less complex and well organized, the 

whole Bangalore was divided into four meta-

divisions as North East, South-East, South West 

North West each of these divisions containing 

several numbers of wards. Each house in each of 

these wards was assigned with a number and was 

then selected by generating random number 

generating tools. The house owners were questioned 

about the cleanliness measures followed to ensure 

the drinking water safety and with their consent 500 

ml of bore water sample was collected in a sterilized 

polyethylene bottles and were carried to lab and 

were stored at 40C. Later the samples were tested for 

the mentioned parameters. The samples of waters 

were collected in month of February 2016 and later 

water from same areas have been collected in month 

of March 2016 and experiments have been done 

twice simultaneously in March and April 2016. 

3.3 Analysis: The collected and stored samples were 

subjected to testing for pH according EPA method. 

The samples were performed for various test written 

below and the results of these tests are compared 

with BIS105001991 and WHO 2011 to know the 

quality of water. 

 

Table 1: Analysis on test done and methods used in 

them 

 

SL  

N

O. 

 

PARAMET

ER 

 

METHODS 

 

INSTRUMENTS 

 

1. 

 

 

PH 

 

PAPER 

METHOD 

_______ 

 

2. 

 

DISSOLVE

D OXYGEN 

 

TITRATION 

BY SODIUM 

THISULPH

ATE 

________ 

 

3. 

 

CONDUCT

IVITY 

 

ELECTROM

ETRIC 

 

CONDUCTIVITY 

METER 

 

4. 

 

TOTAL 

DISSOLVE 

SOLIDS 

 

ELECTROM

ETRIC 

________ 

 

5. 

      

     

CALCIUM        

HARDNES

S 

 

TITRATION 

BY EDTA 

________ 

 

6. 

 

MAGNESI

UM 

HARDNES

S 

 

TITRATION 

BY EDTA 

________ 
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7. 

 

TOTAL 

HARDNES

S 

 

TITRATION 

BY EDTA 

________ 

8.  

CHLORIDE

S IN 

WATER 

 

TITRATION 

BY AgNO3 

 

9.  

IRON 

 

DIGESTION 

FOLLOWED 

 

ATOMIC 

ABSOROTION 

BY ATOMIC 

SPECTROM

ETRY 

SPECTROMETE

R 

10

. 

 

SULPHATE 

 

TURBIDIME

TRIC 

 

TURBIDITY 

METER 

11

. 

 

NITRATE 

 

ULTRA 

VIOLET 

SCREENING 

 

UV- 

SPECTROPHOT

OMETER 

 

 

3. MATERIALS REQUIRED 

 

Table 2 : Name of the reagents used in the tests 

 

A. WATER-SAMPLE 

B. REAGENTS 

SL NO                PARAMETER REAGENTS 

1 ELECTRICAL CONDUCTIVITY  

(0.1N) KCL 

2  

PH 

pH paper 

3  

CHLORIDES IN WATER 

 

(0.0141N) SILVER NITRATE, POTASSIUM CHROMATE 

SOLUTION 

4  

CALCIUM HARDNESS AND 

MAGNESIUM HARDNESS 

 

STANDARD EDTA(O.O1M), (1N) SODIUM HYDROXIDE, 

MUROXIDE INDICATOR 

5  

TOTAL HARDNESS 

 

(0.01M) EDTA, AMMONIA BUFFER SOLUTION, ERICHROME 

BLACK T INDICATOR 

6  

DISSOLVED OXYGEN 

 

MANGANESE SULPHATE, ALKALI IODIDE AZIDE, 

CONCENTRATED SULPHURIC ACID, STARCH INDICATOR, 

SODIUM THIOSULPHATE (0.025N) 

7  

CHLORIDE IN WATER 

 

CHLORINE WATER, POTASSIUM IODIDE, GLACIAL ACETIC 

ACID, STARCH, (0.1N) SODIUM THIOSULPHATE 

8  

IRON TEST 

HYDROCHLORIC ACID, HYDROXYLAMINE 

HYDROCHLORIDE SOLUTION, AMMONIUM ACETATE 

BUFFER SOLUTION, PHENANTROLINE SOLUTION, STOCK 

IRON SOLUTION, STANDARD IRON SOLUTION 
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Fig 1. Locations in Bangalore from where water 

samples are collected 

 

3. 1  NAME OF LOCATION 

The areas from where water was collected are 

divided in each zone as: 

NORTH EAST REGION (zone 1)                       

• KR PURAM                                                      

• MAHADEVPURA                                 

• KAMANAHALLI                                   

• INDIRANAGAR                                     

• WHITEFIELD                                         

NORTH WEST REGION (zone 2) 

• YESHWANTPUR 

• RAJAJI NAGAR 

• MALLESHWARAM 

• MAJESTIC 

• GOLF COURSE ROAD 

SOUTH EAST REGION (zone 3) 

• MARATHAHALLI 

• DEV ANABISANAHALLI 

• SARJAPURA ROAD 

• HSR LAYOUT 

• KORAMANGLA 

 

SOUTH WEST REGION (zone 4) 

• JAYANAGAR 

• JP NAGAR 

• BANSHANKARI 

• KUMARSWAMI LAYOUT 

• KENGERI 

 

4.RESULT AND DISSCUSSIONS 

 

Twenty groundwater samples (1 to 20) were 

collected from the bore-wells which included hand 

pumps, piped water supply schemes. The results of 

the chemical analysis are presented in the critical 

parameters along with the permissible limits for 

these parameters. 

 

 

➢ Odour of sub surface water is agreeable but 6 

surface water samples out of 20 samples are non-

agreeable due to decomposition of organic matter 

and not fit for domestic and other purpose.   

➢ Taste at all point of sample collection (100%) is 

non-agreeable hence objectionable.   

 

The following values of parameters have come after 

performing experiments in each of them with 

various water sample collected 

 

 

  

9  

NITRATE TEST 

STANDARD SILVER SULPHATE, PHENOL DISULPHONIC 

ACID, AMMONIUM HYDROXIDE, STOCK NITRATE 

SOLUTION, STANDARD NITRATE SOLUTION 

10  

SULPHATE TEST 

GLYCEROL, CONCENTRATED HYDROCHOLINE SOLUTION, 

ETHYL ALCOHOL, SODIUM CHLORIDE, BARIUM CHLORIDE 

CRYSTALS, STANDARD SULPHATE SOLUTION 
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Table 3. Results on quality of water has shown 

during February -March 1016 

 

 
 

 
Fig-2 Number and percentage of samples obtained in 

each range of PH, CONDUCTIVITY from each Meta 

regions 

 

DISCUSSION: PH of few areas have come less due to 

present of carbon dioxide in water samples of those 

areas which is due to industrial waste water in their 

ground water beds and conductivity have come less 

in few water samples due to presence of very less 

ions of alkali, chlorides are found in their ground 

water beds. 

 

 

 

 

 
Fig-3 Number and percentage of samples obtained in 

each range of CA HARDNESS, MG HARDNESS and  

TOTAL HARDNESS from each Meta regions 

 

DISCUSSION: Calcium hardness in few water 

samples we have seen have to increase due to more 

industrial waste in ground water table of those areas 

and due to this total hardness of those areas will also 

increase and Magnesium hardness of this areas 

though increase in very less amount. 

 

 
Fig-4 Number and percentage of samples obtained in 

each range of CHLORIDE IN WATER, TDS from 

each Meta regions 

 

DISCUSSION: Chlorides in water increases when 

more salt is present in ground water table and due to 

industrial wastes in water found in those areas 

ground water table, so chlorides in few industrial 

areas have increased as seen and TDS is increased in 

few water samples have increased due to high 

correlation factors in those samples. Sometimes it is 

due to presence of inorganic compounds in their 

ground water beds. 

 

CA 

HARDNESS

MG 

HARDNESS

TOTAL 

HARDNESS
DISSOLVE CHLORIDE IRON SULPHATE NITRATE TDS

Mg/l Mg/l Mg/l OXYGEN IN WATER Mg/l Mg/l Mg/l Mg/l

Mg/l Mg/l

ZONE-1

K R PURAM 7.3 1.2 350 175 525 0.1 405.87 1.5 297 101 2500

WHITEFIELD 6.9 0.9 76 250 326 0.9 89.96 1 96 31 2000

MAHADEVPURA 6.9 1 635 129 764 0.1 260.92 1.4 320 105.6 2850

INDRA NAGAR 7 0.9 75 165 240 1 79.75 0.5 8 22 1446

KAMMANAHALLI 7.1 0.8 125 189 314 1.2 117.96 0.8 10 33 1855

ZONE-2

KANGERI 7.1 0.6 149 186 335 2.1 113.96 0.6 8 31 1807

BANASHANKARI 5.6 0.4 25 238 263 1.8 100.96 0.5 20 29 2202

JP NAGAR 5.9 0.9 20 240 250 1.6 106.96 0.6 9 28.6 1907

JAYNAGAR 7.3 0.8 195 130 325 2.3 75.97 0.5 10 25 1920

KUMARSWAMY 

LAYOUT
6.8 0.9 155 181 336 1.8 168.94 0.5 17 29.8 1800

ZONE-3

YESWANTPUR 7 1.1 192 139 331 0.2 209.93 1 330.6 81 2500

RAJAJI 7.4 1 55 214 269 1 202.94 0.7 234.2 55.6 2350

MALLESHWARAM 8.1 1 166 128 294 1.2 325.1 0.8 85 35.7 2401

MAJESTIC 6.6 0.9 235 120 355 0.2 283 1.2 159 55.6 2471

GOLF COURSE 7.2 0.9 50 170 220 1.9 74.97 0.4 5 17.5 1200

ZONE-4

HSR LAYOUT 7.3 0.7 63 185 248 1.5 95.2 0.6 6 20 1796

DEVANABISAHALLI 7.1 0.4 105 293 398 0.1 360.5 1.2 20 38.2 1850

KORAMANGLA 6.9 0.7 75 205 280 1.5 295.22 0.8 14 28 1700

SARJAPUR ROAD 7 0.5 200 120 320 1.2 297.9 1 13 33 1989

MARATHAHALLI 7.4 0.5 160 240 400 0.1 360.1 0.9 14 43.5 2201

BIS:105001991
6.5-

8.5
- 75 30 300 - 250 0.3 150 45 500

WHO:2011
6.5-

8.5
1.2 75 50 - 4 250 0.3 500 50 1200

NAME PH CONDUCTIVITY

0

1

2

3

4

5

6

7

8

9

1 3 5 7 9 11 13 15 17 19

PH

CONDUCTIVITY
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Fig-5 Number and percentage of samples obtained in 

each range of SULPHATE, NITRATE from each 

Meta regions 

 

DISCUSSION: Sulphates in few water samples have 

increased due to present of sulphur in ground water 

table due to industrial wastes in ground  

water and similarly Nitrates have also found high in 

those water samples where more industrial waste 

water flows. 

 

 

 
Fig-6 Number and percentage of samples obtained in 

each range of DISSOLVED OXYGEN, IRON from 

each Meta regions 

 

DISCUSSION: Dissolved oxygen in few water 

samples have come less due to low amount of oxygen 

present in those waters which is because of more 

impurities are found in those ground water table and 

Iron in few water samples have increased due to 

presence of more iron component in those ground 

water table. 

 

 
 

Fig 7. Total no. of bore wells in Bangalore city 

 

5. CONCLUSIONS 

 

• The analysis of groundwater and the surface 

water samples from the Bangalore area has 

shown that almost 30% of the samples are 

unfit for drinking purpose.  

• The analysed data clearly indicates that the 

groundwater is getting polluted at an 

alarming rate due to rapid industrialization. 

•  Most of the samples were found to be 

potable, yet a considerable percentage in all 

the meta divisions especially South-east 

showed a significant non-potability for each 

of the parameters. 

•  pH, as one of the quality assessment 

parameter, contributes to the occurrences of 

eye and gastrointestinal irritation leading to 

severe health concerns.  

• Onset of cardio-vascular diseases as well as 

renal complications is enhanced by the 

presence of several inorganic and organic 

ions comprising TDS.  

• Therefore, in order to reduce the propensity 

of morbidity, regular scrutinization and 

treatment of the contaminated drinking 

water such as use of neutralizer filter for pH, 

reverse osmosis, deionization, distillation, 

carbon filtering etc.  

• Most importantly the awareness about 

occurrences of such deadly diseases in the 

end users are of profound importance. 
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•  In addition to it, assigning a particular water 

quality index for ground water, e.g. Universal 

Water Quality Index (UWQI) developed for 

surface water quality assessment, will also 

help in representing the complex ground 

water quality data in a simpler way, which 

will facilitate an easier analysis, 

interpretation and further treatment 

measures. 

•  There are existing treatments and intense 

research works being organized all over the 

world to treat all such lethal diseases, 

predominantly, diarrheal complications 

occurring due to the consumption of enteric 

pathogen contaminated water, but are yet to 

be mastered from aspects such as availability, 

expensiveness in an epidemic setting. 

•  Hence; considering prevention as a better 

combating measures against these 

morbidities, it is strongly suggested to 

analyse and treat the drinking water at the 

point of use in a regular basis. From a social 

point of view, a better city foundation plan 

including proper water supply throughout 

the peripheral regions and better sanitary 

establishments will certainly complement 

the cause.  

• Replacing of the damaged pipelines and 

lining of sewer drains is necessary to prevent 

the leakage of sewage in pipes and seepage 

through unlined channels and to prevent the 

mixing or leaking of sewage with 

groundwater.  

• Water treatment facility shall be designed in 

order to provide potable water to the 

residents of the area. To meet the ever 

increasing need of Potable groundwater and 

surface water, the best way is to collecting 

the groundwater by protecting it from 

pollution and augmenting it with the 

groundwater resources by recharging it 

through rainwater harvesting.  

• This study is carried out during pre-monsoon 

season. It was observed that the main causes 

of deterioration in water quality were high 

interference of anthropogenic activities, lack 

of proper sanitation, and industrial and 

domestic wastewater inflow. A specific 

management plan involving all stakeholders 

will help  

         improve and maintain the river water 

quality 

 

6. RECOMMENDATIONS 

From the present scenario it is quite evident that our 

dependency on surface/ground water is going to 

increase with every passing day. In the view of this 

growing demand and deterioration in the quality of 

ground water there is an urgent need to take up 

effective measures for conservation management and 

augmentation of ground/surface water resources. A 

comprehensive ground/surface water management 

plan involving ground/surface water scientists, city 

planners, land use exports, environmentalists and 

general public should be drawn. 

 

The major list of the recommendations is presented 

below: - 

 

• More observation station for water level and 

quality monitoring should be established. 

• Setting of ground/surface water obstruction 

structures should be scientific. 

• Proper care should be taken to keep it away 

from the influence of waste disposal sites.  

• Artificial recharge schemes should be made 

popular; this can be done by popularizing 

roof tap rain water harvesting methods to 

achieving this building codes of the city may 

be suitably revised to make this mandatory 

for all new constructions.  

• Disposal of municipal waste should be 

managed properly apart from proper 

treatment of sewage. 

• Mass awareness programs to educate public 

should be arranged by different groups and 

through electronic media. 
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• Water Storage, Distillation and Recharging of 

Underground Aquifers. 

• Water quality management needs to be taken 

up on priority basis. 

• Rain harvesting is crucial for water and food 

security due to short time span of annual 

rainfall. 

• River Basin Planning and Holistic Water 

Management. 

• Inter-ministerial/inter-departmental co-

ordination. 

Developing Core Competence in Research and 

Facilitating Data availability 
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ABSTRACT 
 

Plastic, one of the greatest materials invented by mankind. Since the development of plastic earlier this 

century, it has become a popular material used in different ways. They are cheap, durable and easy to make. 

In today’s world, plastic is used to make or wrap many items, we buy or use. But the main problem arises 
when we no longer want those items and we have to discard them. As the production cost of plastic is very 

less, it is readily available in the market. The cheapness means plastic gets discarded easily, its long life means 

it doesn’t decompose easily and requires high ultraviolet ray to break down. In the 21st century, one of the 

major environmental issues is arising due to the plastic waste. Plastic is non-biodegradable hence the 

discarded plastics are affecting our environment gravely. Due to the huge popularity of plastic as a production 

material, decrease in plastic usage policies isn’t encouraged by manufacturing companies, rather it is 
estimated that the plastic usage rate going to be double for the next 10 years. As we are still looking for viable 

solutions to this plastic waste management problem, this study is solely focused on the recycling of discarded 

plastic bottles in building materials. The main purpose of this particular study is to introduce plastic waste in 

brick production and explore the performance of plastic bricks, made out of polyethylene terephthalate (PET) 

bottles and M-Sand. The bricks were casted with plastic to M-sand in different proportion and bitumen was 

used as a binder material. The experimental outcomes were compared with locally available clay bricks. 

Keywords : Plastic Bricks, PET bottles, Bitumen, M-Sand, Compressive Strength, Water absorption. 

 

I. INTRODUCTION 

 

During the nineteenth century, the dawn of 

industrial revolution saw the development of many 

innovative materials and synthetic plastic is one of 

them. After World War I, typically in the time period 

1950 to 1960, global plastic production had increased 

drastically from 2 billion tonnes to approximately 380 

million tonnes in 2015. In the past 70 years, the 

world has seen a production of 8.3 billion plastic in 

which 6.3 billion tonnes have been discarded. Each 

year from those remaining wastes, a large number of 

plastic wastes are found in oceans. Due to their high 

durability, plastic does not decompose easily and 

takes up almost 450 to 1000 years in that process. 

India, a country whose plastic industry is growing 

rapidly, only 30% of the total disposed plastic is 

collected. The sources from The Energy and 

Resources Institute (TERI) suggested that the country 

produces approximately 26,000 tonnes of plastic 

waste daily. Furthermore, the source also anticipates 

that by 2020, the annual plastic consumption is going 

to increase from 12 million tonnes to 20 million 

tonnes. 
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Given this predicted growth in plastic production, 

The Energy and Resources Institute (TERI) also 

encouraged that there should be subsequent recycling 

for the plastic waste. This recycling policy of plastic 

will be a critical step towards the reduction in the 

generation of new plastic waste. But repeated 

recycling of plastic poses a grave threat of 

transforming plastic into a carcinogenic material. 

Also, the poor waste management system of Indian 

cities made the matter worse. In today’s world, it is 
very much impractical to ban the plastic use 

completely. Rather than completely banning the 

plastic use, it is much more essential to manage the 

plastic waste systematically.  

 

1.1 Recycling of Plastic Waste (PET) in Construction: 

Plastic waste is increasing exponentially every year 

throughout the world. Both manufacturing and 

destruction of plastic pollute the air, water, and land. 

Currently, 10 to 15% of the plastic waste is recycled 

into road construction. Polyethylene terephthalate 

(PET) is a type of plastic resin, used in the production 

of plastic bottles and plastic containers for packaging 

food and beverages and other products. Although 

PET bottles can be recycled and reused, they hold a 

significant amount of bacterial contamination threat. 

The molecular composition of polyethylene 

terephthalate consists of ethylene molecules (-CH2- 

CH2-), ester molecule (-COO) and terephthalate ring. 

Basically, it is made out of hydrogen, carbon and 

oxygen atom. Hence the burning of PET only 

generates carbon dioxide (CO2) and water (H2O), 

which are not carcinogenic emissions. 

1. Objectives 

✓ To develop considerably light weighted bricks for 

the construction works. 

✓ To develop and study the salient properties of 

bricks made from polyethylene terephthalate 

(PET) bottles. 

✓  To reduce and reuse the plastic waste in a way 

that will improve the plastic waste management 

system. 

2. Materials and It’s Properties 

Plastic Bottles (PET bottles): 

For this experimental study, plastic bottles are 

collected from three main sources. Those are given 

below, 

✓ Municipal- This source includes residential 

buildings, commercial establishments such as 

hotels, hospitals etc. 

✓ Distribution and Industrial Sectors- This source 

comprises of food and chemical industries etc. 

✓ Others- This source predominantly comprises of 

automotive waste, agricultural waste, and 

constructional debris 

Table 1. Properties of Polyethylene Plastics 

 

Properties of Polyethylene plastics (Results are 

collected from Central Institute of Plastic 

Engineering and Technology, Chennai, India) 

Density at 23oC 0.958 

Elasticity modulus 9 

Tensile creep strength 8 

Bending creep modulus 1 

Tensile strength at 23oC 2 

Elongation at break (%) >600 

Thermal conductivity 0 

Ignition temperature 3 

 

 

Fig 1. Collection of PET bottles 
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Bitumen 

Bitumen is a binder material, usually present in either 

viscous liquid form or solid form. It consists of 

hydrocarbons and their derivatives, possess 

waterproofing and adhesive properties. The following 

results are obtained from bitumen testing. 

Table 2. Properties of Bitumen 

Properties of Used Bitumen 

Tests on Bitumen Results Values 

Ductility Test 
Ductility Value of 

Bitumen 
72 

Flash & Fire 

Point Test 

Flash Point of 

Bitumen 

Fire Point of 

Bitumen 

    

315OC 

340OC 

Softening Point 

Test 

Softening Point of 

Bitumen 
45OC 

Penetration Test 

Solid Cone 

Penetration Value 

Hollow Cone 

Penetration Value 

Solid Needle 

Penetration Value  

87.34 

mm 

83.34 

mm 

228.34 

mm 

 

M-Sand: 

Manufactured sand also known by the name of M-

Sand is an alternative to river sand in the 

construction field. It is produced from the granite 

rocks by crushing them. M-Sand usually consists of 

silica, aluminium dioxide, ferric oxide and 

magnesium oxide. So for this particular experiment, 

M-Sand is selected as fine aggregate and has a specific 

gravity of 2.72. The coefficient of curvature (CC) and 

uniformity (D60/D10) of the M-Sand is 1.125 and 4.5 

respectively, which indicates that the used M-Sand is 

well graded in nature. 

1. Proportioning of Materials and Mixing Process 

Proportioning of Materials  

 
Initially, with the help of trial and error method, the 

total amount of required material for a brick is 

selected as 3.5 kg. Later, the material proportioning is 

done to the weight of the brick material. The material 

proportion table is given below. 

 

Table 3. Material Proportioning (Quantity of 

Materials) 

Desi

gnati

on of 

Mix 

 

Plastic Bitumen M-Sand 

In 

perc

enta

ge 

In 

grams 

In 

perc

enta

ge 

In 

gram

s 

In 

perc

enta

ge 

In 

gra

ms 

Mix1 50 1750 2 70 48 1680 

Mix2 60 2100 2 70 38 1330 

Mix3 70 2450 2 70 28 980 

Mix4 80 2800 2 70 18 630 

 

ii. Mixing of Materials 

In the beginning, a specific amount of plastic bottles 

were melted in a vessel at high temperature. Due to 

this high temperature, the plastic changed its phase 

from solid to liquid. As the temperature rises, the 

viscosity of plastic reduces drastically. At the melting 

point, when all of the plastic inside the vessel melted 

into liquid form, the required amount of bitumen and 

M-Sand were added to the liquid solution of plastic. 

Following the addition of bitumen and M-Sand, the 

solution is mixed throughout to prepare the absolute 

mix. 

 
 

Fig 2. Melting of PET bottles 
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Fig 3. Mixing of M-Sand and Bitumen 

 

2. Preparation of Mould, Casting and Drying 

 

Rectangular moulds of dimension 20 cm X 10 cm X 

10 cm were prepared. After obtaining the absolute 

molten mix, the molten mix then poured into the 

hollow moulds and left to dry for 24 hours. The de-

moulding of bricks was done after 24 hours. The 

removed bricks then kept for further drying periods 

of 7 and 28 days. After attaining the drying period, 

the compressive strength test and water absorption 

test were carried out on the samples. 

 

 
Fig 5. Mould of dimension (20 X 20 X 20) cm 

 

 
Fig 6. Dried Plastic Brick 

Tests and Results 

Compressive Strength Test 

Compressive strength is the resistance of any 

material to break under a compressive load and 

tested with the help of compression testing machine. 

For this test, the used compression testing machine 

had a capacity of 2000 kN and loaded at a constant 

rate of loading at 200kg/cm2/min as per Indian 

standard procedure. Total five number bricks from 

each of the different mix proportions are tested. The 

maximum compressive loads and any unusual failure 

of test samples are recorded. From the compressive 

loads, the compressive strength value is calculated 

with help of the following formula 

Compressive Strength = (Maximum Load / Cross 

Sectional Area) 

 

Table 4. 7 Days Compressive Strength of Bricks 

Desi

gnati

on of 

Mix 

Da

ys 

Amo

unt 

of 

Plasti

c 

Used 

(%) 

Amou

nt of 

M-

Sand 

Used  

(%) 

Compress

ive Loads  

(kN) 

Compressi

ve 

Strength 

(N/mm2) 

Mix1 7 50 48 155 7.75 

Mix2 7 60 38 98 4.9 

Mix3 7 70 28 85.1 4.25 

Mix4 7 80 18 51 2.25 
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Table 5. 24 Days Compressive Strength of Bricks 

 

Desi

gnati

on of 

Mix 

Days 

Amou

nt of 

Plasti

c 

Used 

(%) 

Amou

nt of 

M-

Sand 

Used  

(%) 

Compr

essive 

Loads  

(kN) 

Compr

essive 

Strengt

h 

(N/mm
2) 

Mix1 28 50 48 159 7.96 

Mix2 28 60 38 105 5.25 

Mix3 28 70 28 87 4.35 

Mix4 28 80 18 53 2.65 

 

Chart 2. 28 Days Compressive Strength of Bricks 

 

 

Water Absorption 
 

Water absorption test is conducted to check the 

durability property (such as degree of burning, 

quality and behaviour under weathering action etc.) 

of the bricks (IS: 3495, Part-II). The dried bricks 

with different mix proportion were subjected to the 

water absorption test. Initially, the weight of the dry 

brick samples was recorded as W1. Then the samples 

were immersed in the clean water at a temperature 

(27+2)OC for 24 hours. Finally the samples were 

taken out of the water, subsequently wiped clean 

with damp cloths to remove the surface water. The 

final weight of brick samples was then recorded as 

W2. The percentage of water absorption (by mass) of 

the brick samples was calculated with the following 

formula. 

Water Absorption= [(W2- W1) / W1] X 100 

 

Mix 

Desi

gnati

ons 

 

Plastic Bricks Conventional Clay 

Bricks 

Dry 

Weig

ht of 

Brick

s 

(W1) 

kg 

Weig

ht of 

Brick

s 

after 

24 

hour

s in 

the 

wate

r 

(W2) 

kg 

Wat

er 

Abs

orpti

on 

in % 

Dry 

Wei

ght 

of 

Bric

ks 

(W1) 

kg 

Wei

ght 

of 

Bric

ks 

afte

r 24 

hou

rs in 

the 

wat

er 

(W2

) kg 

Wate

r 

Abso

rptio

n in 

% 

Mix1 2.95 2.95 Nil 

3.14 3.65 
16.24 

% 

Mix2 2.72 2.72 Nil 

Mix3 2.325 2.325 Nil 

Mix4 2.17 2.17 Nil 

 

Conclusions 

 
Even before obtaining any of the experimental 

outcomes, we can easily pronounce that the overall 

idea of producing plastic bricks is an environment-

friendly decision. Not only will it be an eco-friendly 

material but it will also be an economical building 

material and will offer a great plastic waste 

management solution. 

 

Though plastic brick has some great benefits but to 

be used as a building material it has to qualify some 

important structural properties. Now, based on the 

experimental investigations carried out on bricks 

made out of plastic, M-Sand, and bitumen, the 

following inferences are drawn. 

 

✓ As the plastic percentage in a brick increases, the 

weight of the brick significantly reduces. This 

eventually will have a positive impact on 
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transportation cost.  The average weight of 

conventional clay brick is 3.5 kg, whereas bricks 

made out of plastic percentages 50, 60, 70, 80 

have average weights as 2.95 kg, 2.72 kg, 2.325 

kg and 2.17 kg respectively. 

✓ In case of both 7 and 28 days, the highest 

compressive strength is noticed in the bricks 

with 50% of plastic and 48% of M-Sand. As the 

plastic percentage increases, the bricks lose its 

compressive strength drastically.  

✓ From the water absorption test, it is observed 

that the water absorption is nil for all of the 

different mix proportions. This indicates that 

these bricks are more susceptible and durable in 

nature. 

Henceforth, it can be concluded that bricks made 

out of PET bottles, M-Sand and bitumen is eco-

friendly and lightweight in nature. Furthermore, 

with enhanced compressive strength and reduced 

weight and water absorption, these bricks already 

have some superior results when compared to the 

conventional clay bricks 
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ABSTRACT 
 

An experimental investigation was carried out to understand the effects of partial replacement of cement by 

fly ash and metakaolin of M50 grade concrete mix. A control specimen was prepared by using OPC 43 grade 

cement. Improvement in compressive strength and split tensile strength was observed with the replacement 

of cement by 15% fly ash and metakaolin at 5%, 10%, 15% and 20%. An increase of up to 35.8 % in 

compressive strength and up to 51.5% split tensile strength was observed. 

Keywords : Cement concrete, Metakaolin, Fly ash, Compressive Strength, Split tensile strength. 

 

I. INTRODUCTION 

 

With the development of technology and increased 

consumption of concrete, betterment of 

characteristics such as strength, workability, 

durability of conventional concrete is essential to 

make it more suitable for various situations. 

 

Fly ash, Metakaolin, Rice husk ash, Silica fume etc 

used as alternative cementitious ingredients of 

concrete which are known to enhance the strength 

properties and make the conventional concrete more 

suitable under different circumstances and also cost 

effective. 

 

Use of these alternative materials is also eco-friendly 

as it reduces emission of CO2.  

 

Also, enhancement in the strength and durability 

characteristics is one of the important significance of 

adding fly ash. It is observed from the previous 

experimental results available in literature that, 

blending metakaolin with Portland cement improves 

the properties of concrete by increasing compressive 

and flexural strength, preventing alkali silica reaction, 

reducing efflorescence and shrinkage preventing 

corrosion of steel. 

 

II. METHODS AND MATERIAL 

A. Materials 
 

• Water: Drinking water was used for the 

experimental study 

• Cement: cement conforming to IS, OPC of grade 

43. Test results obtained are given in Table 1. 

• Fine aggregates: River sand with fineness 

modulus 2.97 conforming to zone II was used. 

Test results obtained are given in Table 1. 

• Coarse aggregates: aggregates of crushed granite 

with fineness modulus 6.9 (20 mm down size) 

was used for the experimental study and the 

results for the tests carried out are presented in 

table 1 

• Fly ash: Fly ash with the results tabulated in 

table 1 used for the study. 

http://ijsrcseit.com/
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• Metakaolin: The specific gravity of metakaolin 

was evaluated from the experimental study. The 

results have been tabulated in table 1. 

 

Table 1: Specific gravity of materials used 

 

Materials Specific gravity 

Cement 3.14 

Fine aggregates 2.60 

Coarse aggregates 2.68 

Fly ash 2.18 

Metakaolin 2.38 

 

Table 2: Mineral Composition of metakaolin 

 

Major Minerals Percentage (%) 

Lime (Cao) 1.1 

Silica (SiO2) 53.2 

Alumina (Al2O3) 43.0 

Iron oxide (Fe2O3) 0.98 

Magnesium oxide 

(MgO) 

0.08 

Sodium oxide 

(Na2O) 

0.035 

 

B. Mix Proportion 

 

M30 grade of concrete was used. The mix proportion 

was evaluated confirming to the IS 10262-2009. The 

various mix proportions for nominal concrete 

(Control specimen) and fly ash based metakaolin 

concrete  are presented in Table 3. 

 

Table 3 : Mix proportion 

M
ix

 P
ro

po
rt

io
n

 

C
em

en
t 

 (
K

g/
m

3 )
 

M
et

ak
ao

li
n

 (
M

K
) 

(K
g/

m
3 )

 

Fl
y 

as
h

 (
K

g/
m

3 )
 

Fi
n

e 
A

gg
re

ga
te

 

(K
g/

m
3 )

 

C
oa

rs
e 

A
gg

re
ga

te
 

(K
g/

m
3 )

 

W
/C

  

Control 

specimen 

450 ……
. 

……
. 

865 970 0.4 

MK 5% 360  22.5 67.5 865 970 0.4 

Fly ash 

15% 

MK 10% 

Fly ash 

15% 

337.5 45 67.5 865 970 0.4 

MK 15% 

Fly ash 

15% 

315  67.5 67.5 865 970 0.4 

MK 20% 

Fly ash 

15% 

292.5 90 67.5 865 970 0.4 

 

C. Testing of specimen 

 

Standard sized cubes (150 mm X 150 mm) and cylinders 

(150 mm diameter and 300 mm length) were tested for 

compressive strength and split tensile strength. 

 

• Compressive strength 

Nine cubes were cast for each mix and tested at the 

age of 3, 7 and 28 days under 200T capacity 

Compression Testing Machine 

• Split Tensile strength 

Nine cylinders were cast and tested at the age of 28 

days under 200T capacity Compression Testing 

Machine  

 

III. RESULTS AND DISCUSSION 

 

• Compressive strength: Strength values are shown in 

Table 4 and are also depicted graphically in figure 1 

  

Table 4. Results-Compressive strength 

 

Mix 
Compressive strength (N/mm2) 

3 days 7 days 28 days 

Control 

specimen 
23.75 

34.5 
58.2 

MK 5% Fly 

ash 15% 
24.9 

38.75 
61 

MK 10% Fly 

ash 15% 
28.2 

46.5 
68.2 

MK 15% Fly 

ash 15% 
32.2 

51 
74.2 

MK 20% Fly 

ash 15% 
33.75 

55.8 
79 
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• Split Tensile strength 

 

The split tensile strength was determined after normal 

curing of specimens for 28 days and the same are tabulated 

in Table 5. 

 

Table 5. Results- Split tensile test 

 

Mix 
Split Tensile  

Strength (N/mm2) 

Control specimen 2.85 

MK 5% Fly ash 15% 3.11 

MK 10% Fly ash 15% 3.58 

MK 15% Fly ash 

15%` 
4.12 

MK 20% Fly ash 15% 4.32 

 

A considerable increase in the strength was observed from 

the results (Table 4 and 5).  

 

 
 

Fig. 1 Variation in Compressive Strength 

 

IV. Conclusions  

 

It can be concluded from the results that, 

 

1. Metakaolin and flyash contributed to enhancement 

early strength and ultimate strength of concrete. 

2. Use of  metakaolin and flyash and their lesser cost 

affects in cheaper economy 
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ABSTRACT 
 

Reinforced concrete slabs are one of the most common components in modern building construction. 

Reinforced concrete slabs with plastic voids are a new and innovative type of structural concrete slab system 

developed to allow for lighter self-weight of the structure while maintaining similar load carrying capacity of 

a solid slab. Plastic voided slabs are capable of reducing the amount of concrete necessary to construct a 

building by 30 percent or more. This reduction can be beneficial in terms of financial savings as well as 

building performance. 

This report examines a flexural capacity of two-way reinforced concrete slab with spherical voids in 

comparison to conventional reinforced concrete slab. The conventional reinforced concrete slab is designed 

as per the Code provision of IS: 456-2000. For the same depth of slab, 35mm and 40mm diameter spherical 

voids are created at different spacing at the center of the slab to create voided slab. The slabs are analyzed for 

different loading and boundary conditions. The geometry of all the slabs was constant 1000x1000x70 mm. 

The slabs are subjected to nine point bending load/UDL. 

Keywords : Bubble Deck Slab(BDS), RC Conventional Slab. 

 

I. INTRODUCTION 

 

In the 1990’s, Jorgen Breuning invented a way to 
link air space and steel within voided biaxial 

concrete slab. The BubbleDeck technology uses 

spheres made of recycled industrial plastics to create 

air voids while providing strength through arch 

action. As a result, this allows the hollow slab to act 

as normal monolithic two-way spanning concrete 

slab. These bubbles can decrease the dead weight up 

to 35% and can increase the capacity by almost 100% 

with the same thickness compared to conventional 

solid slad having same geometry. As a result, 

BubbleDeck slabs can be lighter, stronger, and 

thinner than regular conventional reinforced 

concrete slabs. 

 

Bubble Deck is a revolutionary biaxial concrete 

floor system developed in Europe. High density 

polyethylene hollow spheres replace the ineffective 

concrete in the centre of the slab, thus decreasing the 

dead weight and increasing the efficiency of the 

floor. These biaxial slabs have many advantages over 

a conventional solid concrete slab: lower total cost, 

reduced material usage, enhanced structural 

efficiency, decreased construction time, and is a 

green technology. 

 

Objective and scope 

Objective  

Objectives of the present investigation are to: 

http://ijsrcseit.com/
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• To obtain the scaled down prototype 

dimensions of the slab that is to be casted in 

the laboratory to simulate 9m x 9m x 0.40m 

slab 

• To study the flexural behaviour of two-way 

Bubble Deck slab of M25 grade of concrete 

and mild steel reinforcement by varying the 

percentage of reinforcement at bottom, top 

and middle layer of slab.  

• The bubble deck slabs are comparing with 

conventional solid concrete slab. 

Scope of the study 

The experimental studies are carried out to 

understand the flexural behaviour of two-way 

Bubble Deck slab. To simulate the 9m x 9m x 0.40m 

bubble deck slab behavior in the lab, scaled down 

model of 1m x 1m x 0.07m slab with the scaling 

factor of 1:7.74 is casted in the laboratory. Flexural 

tests are carried out on the scaled down slabs for 

percentage of reduction in concrete volume by 

12.28% with the minimum reinforcement of 0.15% 

of total cross-sectional area cured for a period of 28 

days. The test results are compared with 

conventional solid concrete slab of same dimension. 

Methodology 

The research methodology is to conduct a 

literature review of the studies on solid slab and 

bubble deck slab that have been conducted. On the 

basis of the literature review, it is realized that the 

flexural properties of the solid slab and bubble deck 

slab have been studied by many researchers in 

different areas of world and still studying; however 

there still a need to provide experimental and 

knowledge ground for the use of bubble deck slab in 

various field. An experimental program was 

developed to study the flexural properties of bubble 

deck slab in hardened state. The experimental 

program included the comparison of ultimate load 

carrying capacity, deflection and strain between the 

solid conventional slab and bubble deck slab. Using 

concrete mixes, test specimens were cast, cured and 

tested as per the experimental matrix. 

 

Parameters 

Figures and Tables 

 

 

 

 

 

 

 

Figure 1 Typical cross section of slab with top and 

bottom reinforcement 

 

   

 

 

 

 

 

 

 

 

 

 

Figure 2 Typical cross section of slab with top, 

bottom and middle layer reinforcement placed in 

between balls for all bubble deck slabs 

Table 1 Details of Specimen 

S 

N 

Slab 

Specimen/D

esignation 

(bottom + 
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top) 

Reinforcem
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1 

S0 
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X 
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(Ast +0 +0) m@2

6mm 

c/c 

3 

S2 

(Ast +0+ 

Nominal 

Ast) 

12.28 256 

2.6m

m@2

6mm 

c/c 

- 

2.6mm 

@ 

52mm 

c/c 

4 

S3 

(Ast + ¼ Ast 

+ Nominal 

Ast) 

12.28 256 

2.6m

m@2

6mm 

c/c 

2.6

@ 

100

mm 

c/c 

2.6mm 

@ 

52mm 

c/c 

5 

S4 

(¾ Ast +1/4 

Ast 

+Nominal 

Ast ) 

12.28 256 

2.6m

m @ 

34m

m c/c 

2.6

@ 

100

mm 

c/c 

2.6mm 

@ 

52mm 

c/c 

6 

S5 

(½ Ast 1/2  

Ast 

+Nominal 

Ast+) 

12.28 256 

2.6m

m @ 

52m

m c/c 

2.6

mm 

@ 

52m

m 

c/c 

2.6mm 

@ 

52mm 

c/c 

7 

S6 

(½ Ast  + 

0+1/2 Ast) 

12.28 256 

2.6m

m @ 

52m

m c/c 

- 

2.6mm 

@ 

52mm 

c/c 

Following parameters are considered for the study: 

 

Constant parameters: 

 

• Size of the specimen: 1000mm x 1000mm 

(925mm effective span) and 70mm (depth) 

• Type of the loading: Nine-point load applied at 

the centre of the slab. The concentrated load 

from the hydraulic jack is distributed over the 

nine-steel balls placed over an area of 320mm x 

320mm. 

• Support conditions: Simply supported on all the 

four edges of the slab 

• Grade of concrete: M25 

• Grade of steel: Mild steel bars of 2.6mm diameter 

• Plastic balls: 40mm diameter balls 

• Spacing of balls: 20mm from edge to edge 

• Curing period: 28 days 

 

 

Variable parameters: 

• Varying percentage of Reinforcement. 

Results and Discussions 

 

 

Chart 1 Cracking Load and Corresponding Deflection 

 

It is observed that the first crack appeared on the 

solid slab (S0) for an applied load of 4.41kN. In 

Bubble Deck slabs the first crack appeared at 3.43kN 

(which is 22% less than the RC slab).irrespective of 

the position of reinforcement  

The slab S1 with reinforcement only at bottom 

layer, Bubble Deck slabs shows more deflection than 

RC slab by 65%.  With reinforcement at the middle 

layer of the slab, S3, S4 and S5 have shown the 

deflection of 3.90mm, 2.33mm and 2.64mm 

respectively at the appearance of first crack. Bubble 

deck slab without reinforcement at the middle layer 

of the slab S1, S2 and S6 have shown deflection of 

6.15mm, 2.34mm and 2.82mm respectively. 

However the deflection in the bubble deck slabs is 

higher than the RC slab this may due to the presence 

of plastic balls which is making Bubble Deck slab to 

behave like a spatial structure and forces are getting 

distributed within the slab in a better way, in turn 

increasing the slab strength. Bubble deck slabs with 

bottom and top reinforcement, with and without 

middle layer reinforcement deflected by 44% higher 

than the RC slab. 

 

0
1
2
3
4
5
6
7

S0 S1 S2 S3 S4 S5 S6

L
o
a
d

 (
K

N
)/

D
ef

le
ct

io
n

 (
m

m
)

Slabs

Cracking Load And Corresponding Deflection

LOAD(KN) DEFLECTION(MM)



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  113 

 

Chart 2 Ultimate Load And Corresponding 

Deflection 

 

It is observed that ultimate load of RC 

conventional slab (S0) is 12.74kN, and the ultimate 

load of the bubble deck slabs is 4% to 8% less when 

compared with a RC conventional slab (except S6 

slab which 16% less).  

 The ultimate load of Bubble Deck slabs with 

middle layer of reinforcement i.e. S1, S2 and S6 is 

11.72KN, 11.72KN and 10.70KN respectively. The 

ultimate load of Bubble Deck slabs without middle 

layer of reinforcement i.e. S3, S4 and S5 is 12.23KN 

for all slabs. From this result an inference can be 

drawn that the presence of middle layer of 

reinforcement in bubble deck slabs resist more load. 

The maximum deflection of RC conventional slab 

(S0) is 14.23mm. Table 5.25, bubble deck slabs (S1) 

with only bottom layer reinforcement deflect more 

than the RC conventional slab by 8.8%. Bubble Deck 

slabs with reinforcement at bottom, top and middle 

layer S3, S4, and S5 deflects less than RC slab varying 

between 9.8 to 16%.the bubble deck slab with 

bottom and top reinforcement deflects by 31% less 

than the RC slab. 

Based on the above result it is found that the 

bubble deck slab with reinforcement at bottom, top 

and middle layer of reinforcement deflects almost 

same as RC conventional slab. The bubble deck slab 

with only bottom reinforcement carries more load 

and deflects more.  

This behavior might be due to Bubble Deck slab 

capable of taking service loads more than RC 

conventional slab, and forces getting distributed 

within the slab in a better way due to the presence of 

plastic balls at the centre of the slab. The above 

results indicate that insertion of plastic balls in the 

centre of the slab has nearly same load carrying 

capacity as that of RC conventional slab.do not 

affects the strength of the slab, this may be due to 

the action of the plastic balls as spatial structure. 

Conclusion 

 

The conclusions pertaining to comparison of flexural 

behavior of Bubble Deck slab are listed below. 

• The flexural behavior of the Bubble Deck slab is 

considerably good in comparison to the 

Conventional RC Slab. 

• In the present study by introducing voids into 

the RC conventional slab, the self-weight of the 

slabs can be reduced up to 10.91% and it is 

concluded that voided slab can be used to reduce 

the structure weight with minimal impact to the 

overall building design and also greatly reduce 

the overall weight of the slab while meeting load 

capacity requirements. 

• Bubble deck slabs have shown reduced noise 

levels in comparison with RC conventional slab. 

The slab (S1)  has shown a better result with 

2.14% of noise reduction 

• Bubble deck slabs have shown reduction in 

volume up to 12.28% when compared with 

conventional RC slab resulting in reduction in 

dead load of the slabs. 

• First crack load of all bubble deck slabs 

irrespective of reinforcement remains same, 

22.22% less than the first crack load of RC 

conventional slab. 

• The deflection at first crack of bubble deck slab 

were remains same and 15% higher than 

deflection of RC conventional slab, however slab 

(S1) which is nearly 65% more deflection than 

RC conventional slab. 

• The ultimate load of all bubble deck slabs shown 

almost same as RC conventional slab. The 

ultimate load of bubble deck slabs 4% less than 

RC conventional slab and the deflection at the 
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ultimate load of all bubble deck slabs 32.32% 

lesser than the RC conventional slab except slab 

(S1) which is 8.84% more deflection than the RC 

conventional slab. 

• The ultimate load of bubble deck slab with 

bottom and top reinforcement and without 

middle reinforcement 8% less than the RC 

conventional slab except (S6). Whereas bubble 

deck slab with bottom, middle and top 

reinforcement is 4% less than the RC 

conventional slab. The deflection at ultimate load 

with only bottom reinforcement is 8.84% higher 

than the RC conventional slab. The deflection of 

bubble deck slab with bottom, middle and top 

reinforcement is 10% less than the RC 

conventional slab. 

• RC conventional slab is rigid along the yield line 

and flexible at the center and along the X-line. 

Whereas bubble deck slab with only bottom 

reinforcement and bottom and top reinforcement 

are flexible along the centre, yield line and X-

line. The bubble deck slab with bottom, middle 

and top reinforcement are rigid along the yield 

line similar to RC conventional slab, however 

the rigidity is less than the RC conventional slab. 

• Off all bubble deck slab with different position of 

reinforcement S2 slab with designed 

reinforcement at bottom and nominal 

reinforcement at top resist only 4% less load than 

RC conventional slab and deflection is 31% less 

than RC conventional slab. And it is flexible at 

the centre, along the X-line and along the yield 

line. 

• Slabs with bottom, middle and top layer 

reinforcement behaves similar to RC 

conventional slab with 4% less load carrying 

capacity and 9.5% less deflection and the 

flexibility of slab is little higher than the RC 

conventional slab. 

• S6 slab with designed reinforcement distributed 

half at bottom and top shows least performance 

having 16% less and 32% less deflection and it is 

very rigid. 

• Bubble deck slab with only bottom 

reinforcement has the load carrying capacity 

nearer to RC conventional slab with 8% 

variation and with higher deflection 8% greater 

than the RC slab it is flexible along the yield line 

controversial to RC conventional slab. 

• Bubble deck slab (S1) with having only bottom 

reinforcement which shows the better load 

carrying capacity compared to RC conventional 

slab. And it is 22.22% less at cracking load and 

ultimate load when compared to RC 

conventional slab. 

• Bubble deck slab (S1) having only bottom 

reinforcement deflection at cracking load and 

ultimate load is 65% and 8.84% more than the 

RC conventional slab. This indicates that the 

bubble deck slab (S1) is more flexible because of 

only bottom reinforcement. 

• This behaviour might be due to the presence of 

tension reinforcement (Ast) and compression 

reinforcement(nominal reinforcement) which is 

making Bubble deck slab to behave like a spatial 

structure and forces are getting distributed 

within the slab in a better way 

• Structural design and detailing of bubble deck 

slab is straight forward. 
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ABSTRACT 
 

Storage and safe disposal of waste glass is a huge problem for municipalities everywhere. Reuse of waste glass 

eliminates/reduces this problem. In this experimental work, the effect of partially replacing cement in 

concrete by glass powder is studied. The cement in concrete is replaced by waste glass powder in steps of 5% 

from 0%, 5%,10%,15%,20% by volume and its effects on compressive strength and flexural strength are 

determined. It is found that the compressive strength of concrete increase initially as the replacement 

percentage of cement by glass powder increases, become maximum at about 15% and later decrease.  

Keywords : Concrete, Glass powder, Compressive strength, Flexural strength 

 

I. INTRODUCTION 

 

Concrete is one of the world’s most used 
construction material due to its versatility, 

durability and economy. India uses about 7.3 million 

cubic meters of ready-mixed concrete each year. It 

finds application in highways, streets, bridges, high 

rise buildings, dams etc. Greenhouse gas like co2 

leads to global warming and it contributes to about 

65% of global warming. The global cement industry 

emits about 7% of greenhouse gas to the 

atmosphere. To reduce this environmental impact 

alternative binders are introduced to make concrete. 

Glass is an amorphous material with high silica 

content making it potentially pozzolanic when 

particle size is less than 75µm. The main problem in 

using crushed glass as aggregate in port land cement 

concrete are expansion and cracking caused by the 

glass aggregate due to alkali silica reaction. Due to its 

silica content ground glass is considered a pozzolanic 

material and as such can exhibit properties similar to 

other pozzolanic material. In this study, finely 

powdered waste glasses are used as a partial 

replacement of cement in concrete and compared it 

with conventional concrete. Concrete mixtures were 

prepared with different proportions of glass powder 

ranging from 0% to 20% with an increment of 5% 

and tested for compressive strength after 7 and 28 

days of curing. 

Objective and scope  

Objective  

Experiments were conducted on concrete 

prepared by partial replacement of cement by waste 

glass powder of particle size 600 micron and 

downwards. The main objective of this investigation 

was to evaluate the effect of waste glass powder on 

the compressive strength and the other properties of 

concrete and to evaluate the possibility of using glass 

powder in concrete without sacrificing the strength. 

The following were also considered. 

• Partial substitute for the ordinary port land 

cement. 

• The objective to study the effect of the use of 

glass powder as a replacement of cement to 

http://ijsrcseit.com/
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know the percentage of glass powder can 

replaced in concrete. 

• To determine the percentage of glass powder 

which gives maximum strength when compared 

to control concrete 

• To evaluate the utility of glass powder as a 

partial replacement of cement in concrete. 

• To study and compare the performance 

conventional concrete and glass powder 

concrete. 

• To study fresh and hardened properties of 

concrete mixes replacing 10%, 20%,30%,40% of 

cement by glass powder. 

Scope of the study 

This scope of study is part of comprehensive 

program where in experimental investigations have 

been carried out to evaluate the effect of partially 

replacement of cement by waste glass powder on 

compressive strength 7 and 28 days. M25 grade of 

concrete was considered for experimental study 

with specimens prepared along with partially 

replacement of cement by waste glass powder. 

 

Methodology 

 
Chart 1:Flow Chart 

 Materials 

Cement: 

The cement used in this study was 53 grade ordinary 

port land cement (OPC) confirming to IS: 269-2015 

as a basic ingredient of concrete. Compressive 

achieved by the cement at end of the 28th day 

should not be less than 53mpa or 53 kg/mm3 the 

color of cement will be grey. 

  

The BIRLA 53 grade brand cement available in the 

local area in local market was used for 

investigations. Care should be taken to see the 

procurement was made from single batching in air 

tight containers to prevent it. 

 

Table 1 : Physical properties of cement 

 

 
FINE AGGREGATE: 

Fine aggregate: sand is available of river for 

construction purposes sand the crushed sand is of 

cubical shape with grounded edges, washed and 

graded to as a construction material. The size of sand 

(River Sand) is less than 4.75mm. Locally available 

clean, well graded River sand was used as fine 

aggregate. The properties of the fine aggregate are 

represents the particle size distribution curve of the 

river- sand. 

The aggregate was tested for its physical 

characteristics such as gradation, fineness modulus, 

specific gravity, moisture content, bulk density, 

water absorption in accordance with IS :383-2016 

 

 

 

 

Table 2 : Characteristics of River-Sand  
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Coarse Aggregate: 

Coarse aggregate used was 20MM and down size and 

specific gravity. Testing was done as per Indian 

standard specification IS: 383-2016. Crushed 

aggregate of 20mm and 12.5mm size produced from 

local crushing plants were used. The aggregate 

passing through 20mm sieve size and retained on 

6.3mm sieve is selected. The aggregate were tested 

for characteristics or physical requirements such as 

fineness modulus, water abruption, specific gravity 

and bulk density and dry density , moisture content 

accordance with IS 383-2016. 

 

Table 3: Properties of course aggregate 

 

GLASS POWDER 

Waste glass available locally was collected and made 

into glass powder the  specific gravity of 2.54 less 

than 90microns. Glass is a transparent material 

produced by melting a mixture of materials such as 

silica, soda ash, and caco3 at high temperature 

followed by cooling during which solidification 

occurs without crystallization. Glass is widely used 

in our lives through manufactured products such as 

sheet glass, bottles, glassware, and vacuum tubing. 

The amount of waste glass is gradually increased 

over the recent years due to an ever-growing use of 

glass products. Most waste glasses have been 

dumped into landfill sites. The land filling of waste 

glasses is undesirable because they are not 

biodegradable, which makes them environmentally 

less friendly. So we use the waste glass in concrete to 

become the construction economical as well as eco-

friendly. Composition of cement and glass powder is 

as shown in table 4 

 

Table 4 : Chemical properties of cement and glass 

powder 

 
 

CONCRETE MIX DESIGN 

The mix design is the practice of selecting 

appropriate constituents of concrete like cement, 

Fine aggregate, glass powder and coarse aggregate 

and water to optimize their relative proportion to 

meet the requirements of design. that is, it complies 

with the specification of structural strength 

required, the durability requirement in the 
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environmental in which it is used which also meets 

the workability requirements. That is it should be 

capable of being mixed, transported and compacted 

sufficiently and efficiently as possible and be 

economical without sacrificing the above 

requirement. 

Table 5 : Mix proportion after adding glass powder 

   

Results and Discussions 

 

The compressive strength of concrete with varying 

content of Glass powder at different ages, shown in 

Table 6 at 7 and 28 days, the strength generally 

decreases with glass powder content at 20%. The 

reduction in strength was observed for concrete 

with 20% of glass powder. And we can use glass 

powder upto 15% for construction purpose and its 

give good workability and strength compare to 

conventional concrete. 

 

Table 5 : Compressive Strength 

 

 
 

Concrete sample (Beam at 500*100*100*mm) of 7 

days were tested for its flexural  strength having 

different percentage of mixture of glass powder as 

replacement of cement. The level of replacement of 

Cement by mixture of Glass powder was 

0%,5%,10%,15%, &20%. Ten sample of beam were 

tested by using universal testing machine and the 

average strength of these two beam were taken and 

final results represented in table 6 

Table 6 : Flexural strength 

 
 

Conclusion 

 

• When used as additional supplementary 

cementitious material at 15% level, glass powder 

can be obviously reduces the porosity and the 

pore size distribution. Thus large increase in 

compressive strength, resistance to water and 

chloride penetration were observed. 

• Its increasing 22% of compressive strength 

compare to conventional concrete 

• It can used in rigid pavement construction 

• It gives better fire resistance compare to 

conventional concrete 

• An optimum cement replacement of 15% of 

glass powder was observed with respect to 

development of compressive strength of 

concrete after 7, 28 days. 

• The additional of recycle green building material 

such as glass powder can increase the slump of 

concrete, but an excessive addition may result in 

surplus mixing water that could result in slight 

segregation that can reduce the overall strength 

• Generally considered the similar performance 

with replaced material glass powder addition can 

reduce significant cost of cement production and 

co2 emission and save  the environmental by 

reducing greenhouse gas and particulate 

production. 
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ABSTRACT 

 

The columns are utmost important and most vulnerable part of the structures, the ideology of strong column 

and week beam is to prevent total collapse of the building while resisting the lateral loads and therefore 

columns should be built with high safety parameters. Thus column with greater stiffness than beam is 

provided. The present work deals with three dimensional nonlinear finite element (FE) analyses of a 

reinforced concrete column subjected to blast loading. The finite element package ABAQUS/Explicit was used 

to model a reinforced concrete column and the concrete damage plasticity approach was used to define the 

non-linearity of concrete. The stress-strain response of concrete and reinforcement has been simulated using 

concrete damaged plasticity model and elastic-perfectly plastic model, respectively. TNT explosive has been 

simulated using Air blast interaction under CONWEP definition. Parametric sensitivity studies have been 

performed by varying the spacing between stirrups as 125, 175, 225 and 275 mm and also diameter of main 

reinforcement bars are varied as 16, a20, 25, 28 and 32 mm to determine the displacement and stress 

variations. Efforts are also made to determine the effects of incident blast wave falling on the different face of 

the column. It is observed from the results that modeled column structure undergo significant deformation 

with variations. It is also observed that blast resistance increases as the spacing between stirrups decreases. 

Also, deformation of the column decreases as the diameter of the reinforcement bars increases.  

Keywords : Nonlinear explicit analysis, TNT, Blast loading, column, concrete damage plasticity, CONWAP. 

 

I. INTRODUCTION 

 

The threat of terrorism rising all over the world has 

increased the awareness among people. There have 

been many structural failures in the past incidents 

like Oklahoma City bombings, Scud missile attacks 
and Khobar towers bombing in Saudi Arabia. Efforts 

have been made to design structures which offers 

better resistance against blast explosion. Studies are 

being conducted on the behaviour of structural 
members subjected to blast loads. Designing buildings 

to resist failure due to blast loads is an extremely 

complex procedure. But, with the recent increase in 
public awareness of possible terrorist attacks 

worldwide, many organizations and agencies are 

currently trying to secure methods of constructing 

facilities that will survive blast loads due to 
explosions. During the 1960s, an extensive research 

program was funded by the governments to develop 

criteria for the analysis and design of blast-resistant 

structures. A majority of the early academic research 
in the field of blast design was done at the University 

of Illinois at Urbana-Champaign and at the 

Massachusetts Institute of Technology. This resulted 
in the Tri-Services Manual designed by the Army as 

“TM 5-1300: Structures to Resist the Effects of 

Accidental Explosions,” which was subsequently 
revised in 1990. This revision incorporates the 
research conducted over the intervening period (01). 

http://ijsrcseit.com/
http://ijsrcseit.com/
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The need and requirements for blast resistance in 

buildings have evolved over recent years. Buildings 

have become more complex and have increased in 

size thus increasing the risk of accidental explosions. 
Such explosions have demolished the buildings, in 

some cases resulting in substantial personnel 

causalities and business losses. Damage to the assets, 
loss of life and social panic are factors that have to be 

minimized if the threat of terrorist action cannot be 

stopped. Designing the structures to be fully blast 

resistant is not a realistic and economical option, 
however current engineering and architectural 

knowledge can enhance the new and existing 

buildings to mitigate the effects of an explosion (02). 

Explosion process for High Explosives. 

Explosion occurs when a gas, liquid or solid material 

goes through a rapid chemical reaction. When the 

explosion occurs, gas products of the reaction are 
formed at a very high temperature and pressure at the 

source point. These high pressure gasses expand 

rapidly into the surrounding area and a blast wave is 
formed. Because the gases are moving, they cause the 

surrounding air to move. The damage caused by 

explosions is produced by the passage of compressed 

air in the blast wave. Blast waves propagate at 
supersonic speeds and reflected as they meet objects. 

As the blast wave continues to expand away from the 

source of the explosion its intensity diminishes and its 
effect on the objects is also reduced. Close to the 

source of explosion, the blast wave formed is 

violently hot and expanding gases will exert intense 

loads which are difficult to quantify precisely. Once 
the blast wave has formed and propagating away 

from the source, it is convenient to separate out the 

different types of loading experienced by the 
surrounding objects. Three effects have been 

identified in three categories are,(a)Air Shock Wave-

the effect rapidly compressing the surrounding air. 

(b)Dynamic Pressure- The air pressure and air 
movement effect due to the accumulation of gases 

from the explosion chemical reactions (c) Ground 

Shock Wave - the effect rapidly compressing the 
ground. 

 

The air shock wave produces an instantaneous 

increase in pressure above the ambient atmospheric 
pressure at a point some distance from the source. 

 

 

 

Fig. 1. Blast wave pressures plotted against time. (01). 

As a consequence, a pressure differential is generated 

between the combustion gases and the atmosphere, 

causing a reversal in the direction of flow, back 
towards the center of the explosion, known as a 

negative pressure phase. This is a negative pressure 

relative to atmospheric, rather than absolute negative 
pressure as shown in fig-1. Equilibrium is reached 

when the air is returned to its original state. [01] 

The basic methodology that we have adopted in our 

study is non-linear dynamic analysis. Since in the 
case of heavy loading that acts for very short time 

(dynamic loading), the geometry of the structure 

changes and the stress induced due to the loading 
does not makes linear relation with the strain and big 

displacement occurs in the structure. 

Litrature Review 

In the literature study, analyses on effects of blast 
loading on various structures have been carried out. 

Zeynep Koccazet,al  [1] shed light on blast resistant 

building design theories the enhancement of building 
architectural and structural design process to provide 

security against the effects of explosives has been 

discussed, concluded saying that, Essential techniques 

for increasing the capacity of a building to provide 
protection against explosive effects must be 

developed both in architectural and structural 

approach. Manmohan Dass Goel [2] discussed on 
various strategies of blast mitigation, mainly include 

to increase the standoff distance, as blast pressure 

decays very rapidly with the distance. Duo Zhang 

et,al [3] concluded that sacrificial blast wall provides 
a better solution and can be adopted or designed 

against an explosive induced threat and blast-induced 

threats against a structure should be included in 
planning and design stages of structural components. 

Liu (2009) modeled the Subway tunnels under 

explosive load using FEM, CONWEP module was 

used for explosive load. The analysis performed not 
considering the high strain rate behavior of soils 
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under explosive loading. S.V.Chaudhari [4] modeled a 

3D model of concrete cube is prepared using smeared 

crack model and concrete damage plasticity approach, 

then validation of the model to the desired behavior 
under monotonic loading. Values of stress obtained 

was closing matching to each other. Tomasz 

Jankowiak [5] showed a proper route for to prescribe 
the material parameters concrete damage constitutive 

model (CDP) which enables a proper definition of the 

failure mechanisms in concrete elements. He 

concluded saying CDP can be used to model the 
behavior of concrete and the reinforced concrete 

structures and the other pre-stressed concrete 

structures in advanced stages of loadings.  

By undergoing a thorough literature review we can 

conclude that very less effort have been made to 

analyse the structural components for blast loading. 

Specific objective of this paper is to analyse and 

understand the behaviour of reinforced concrete 

columns under blast loading conditions using finite 

element method. To determine the stress and strain 

behaviour of reinforced concrete beam and column 

structure under random vibrations using non-linear 

explicit analysis method. The columns are utmost 

important and most vulnerable part of the structures 

as the front face of building experiences peak 

overpressures due to reflection of an external blast 

wave. It is very tiresome to analyse the complete 

structure before understanding the individual units 

of the structure under blast loading conditions. This 

paper signifies to result the stress and displacement 

of RCC column structure by varying its skeletal 

properties i.e. reinforcement.  The work emphasizes 

to understand the variation of stress and 

displacement of column under time, by varying the 

diameter of main reinforcement as 16, 20, 25, 28 and 

32 mm also spacing of stirrups as 125, 175, 225 and 

275 mm. Further results can be used to find out the 

bending moments and shear forces in the member. 

Methodology 

A finite element method is best suited technique to 
obtain an approximate solution to a class of problems 

governed by elliptic partial differential equations. 

ABAQUS is a software suite for finite element 

analysis and computer-aided engineering, originally 

released in 1978. The Abaqus product suite consists of 

five core software products. The one which is used 

here is Abaqus/Explicit, a special-purpose Finite-

Element analyzer that employs explicit integration 
scheme to solve highly nonlinear systems with many 

complex contacts under transient loads. 

Finite element simulation 

The simulation involves modelling of reinforced 

column element, where main bars and stirrups are 

modelled initially which is reinforced with concrete 

as shown in fig-2, further proper boundary conditions 
were assigned. Material properties, elasticity, 

poisson’s ratio and nonlinear plastic law to the elastic 
material (e.g. consider the case of an elastic perfectly 
plastic Von-mises type material model) is assigned to 

the members.  Special properties like Concrete 

damage plasticity (CDP) constitutive model [6] 

properties were assigned in concrete compression 
damage by providing stress and strain values for the 

required concrete characteristic strength. The aim 

CDP is to obtain a model, which describes the 
important characteristics of the failure process of 

concrete subjected to multiaxial loading. Concrete 

tension damage property (Bischoff and Perry 1991).) 

is assigned determining the tension stress and 
corresponding strain values and yield stress and 

corresponding cracking strain values. Elastic 

perfectively plastic behavior for the steel is assigned 
in the material module and the model is 

meshed.Interaction of load and member is assigned as 

Conwep model [7] providing airblast and suitable 

standoff distance for the TNT blast, finally analysis is 
run to obtain the maximum displacement and stresses 

with respect to time period as shown in fig-3. 

 

 

Fig. 2. Assembly Model (Wired View) 
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Fig. 3. Showing the beam displacement at step time 

1.2002E-02. 

 

B. Validation of Finite Element Analysis 

To ensure the validity of the numerical simulation, 

the results of beam deflection of an experimental RC 

beam under close-in blast loading [8] has been 

compared with the simulated result using FE 

software ABAQUS. Experimental investigation 

emprise on  scaling of RC Beam under close-in blast 

load , to study of damage modes and damage levels of 

RC beams under different blast loads and to study of 

dynamic response of RC Beams. The experimental 

procedure consists of testing of 8 beams of varying 

dimensions, mass of TNT, standoff distance and 

scaled distance. Beam displacement is determined by 

keeping a long needle inside fine sand covered by 

pinholes below the experimental beams. For our 

validation a single beam no B2-2 was considered 

whose displacement was already determined. FEM 

modeling was done using software ABAQUS as 

shown in above fig-2. Concrete damage plasticity 

(CDP) model for unconfined concrete compression 

values for the grade of concrete is calculated as 

shown in the fig-4a. The value of yield stress to the 

inelastic strain of concrete is calculated is as shown 

in fig-4b [9]. Further tension behavior concrete is 

assigned as shown in fig-4c and yield stress and 

cracking strain value is calculated using eqn-03 is as 

shown in fig-4d. Nonlinear steel behavior is taken as 

elastic-perfectly plastic model, where it doesn’t 
account for stain hardening the stress increases 

linearly until the yield strength is reached, and then 

the material offers no further resistance to 

deformation, as shown in fig-5. From the 

experimental analysis the maximum displacement 

observed in the B2-2 is 25 mm; our simulation result 

gave a maximum displacement 17 mm which is very 

close to the experimental results. The analysis result 

is as shown in the fig-6. 

 

 

 

 
 

Strain (ε) 
Fig. 4a. Compression Stress-Strain Model of concrete. 
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Strain (ε) 

Fig. 4b.Yield Stress v/s Inelastic Strain of concrete 

 

 
Strain (ε) 

Fig. 4c.Tension Stress-Strain Model of concrete. 
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Fig. 4d. Yield Stress v/s Cracking Strain of concrete 
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Fig. 6. Deflection of Beam B2-2. 

 
 

 

 

Parametric Studies 

Parametric studies include analysis of RCC columns 

for constant dimensions, varying the skeletons, i.e. 

diameter of main reinforcement and diameter and 

spacing of the stirrups/ties. Efforts have made to draw 

a comparison of maximum stress and displacement 

values with respect to step time. Probable conclusions 

were also drawn from the variation curves are as 

follows. 

Variation of diameter of main reinforcement. 

Here for the dimension of the column taken is width 

as 300mm, depth as 500mm and length as 3450 mm, 

4 no of reinforcement at corners, whose diameter of 

the main reinforcement varies from 16mm, 20mm 

25mm, 28mm and 32mm. Diameter of stirrups taken 

is 8mm spaced at 125mm c/c. Clear concrete covered 

is taken 40 mm, a common standoff distance of 0.4m 

and 0.45 kg mass of TNT is assigned at the bottom of 

the column in each parametric study. Variation in 
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stress values at increasing step time of impact as 

shown in fig-7a.  

 

Fig. 7a. Stress variation v/s Increasing Step time 

From the above figure we can conclude the with an 

increase diameter of main reinforcement from 16 to 

32 mm, the resistive stress generated within the 

column structures increases. For 16, 20, 25, 38 and 32 

mm diameter the maximum stress generated in 

451.352, 462.165, 480.981, 491.306 and 509.604 

N/mm2 respectively for a step time of 4.00E-

03,shown in fig-7c. Since the blast force is a sudden 

cyclic wave, the beam generate residual stresses, 

which goes on decreases in the next cycle.Fig- 7b 

shows variation of displacement values at increasing 

step time.  

 

 

Fig. 7b. Displacement variation v/s Increasing step 

time. 

 

Fig. 7c.  Maximum stress v/s diameter of main 

reinforcement 

With an increase in diameter of main reinforcement 

from 16 to 32 mm displacement decreases. For 16, 

20, 25, 38 and 32 mm diameter the maximum 

displacement generated is 37.4786, 37.2606, 36.9251, 

36.7002 and 36.3689 respectively for a step time of 

4.50E-03, as shown in fig-7d. Further the beam 

undergoes residual deflection as shown in the figure 

7a. 

 

 

Fig. 7d. Maximum displacement v/s diameter of 

main reinforcement 

 

 

 Variation in stirraps  

Here variation of stress and displacement with the 

variation of stirrups/ties spacing is studied, the 

diameter of stirrup is taken constant as 8mm but the 

center to center spacing is varied as 125mm, 175mm, 

225mm and 275mm. The properties and loading 

conditions are taken same as above, but the diameter 
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of main reinforcement was taken as 16mm.  Fig-8a 

shows the maximum stress generated with respect to 

variation of spacing and fig-8b shows the maximum 

displacement with respect to variation of spacing. 

 

 

Fig. 8a. Maximum stress v/s ties spacing. 

 

Fig 8b. Maximum displacement v/s ties spacing. 

From the variation of stress with respect to stirrups 

spacing we can conclude that, stress developed with a 

close spacing is less in comparison with maximum 

spacing. Even though the variation is very less, but 

the percentage of variation is more. The graph 

gradually increases as the spacing of stirrups is more 

than 200mm further it stays constant up to 

275mmspacing.From the variation of maximum 

displacement with respect to tie spacing we can say 

that with the closer stirrups spacing beam undergo 

more displacement compared to maximum spacing. It 

is also identified that the displacement curve is 

smoother in case of spacing up to 175mm, after 200 

mm the curve is not so much smooth, maximum 

displacement and smoother curve indicate the ductile 

behavior of the member, even though the variation is 

very less, still we can conclude column with closer 

spaced ties behave ductile in compare to freely spaced 

member. 

 

 

Conclusion 

In this paper RCC columns are analyzed for blast 

loading condition using a Finite element software 

ABAQUS, the work aims to investigate the behavior 

of column under variation of its skeletal components 

i.e. reinforcements.  Despite the fact that, the 

magnitude of the explosion and the loads caused by it 

cannot be anticipated perfectly, the most possible 

scenarios will let to find the necessary engineering 

and architectural solutions for it. Following 

conclusion can be drawn from the above work. 

1. Even though the analysis of structure under blast loading 

is complicated, finite element method and software helps 

us to produce reliable results. 

2. Column with proper combination of main reinforcement 

and properly spaced ties undergo less stresses distribution 

on the structure and deformations under blast load. 

3. By increasing the diameter of main reinforcement, 

column can achieve resistance towards lateral load and 

deformation. 

4. The significance of providing less confined ties in the 

columns would contribute lateral load resistance 

increasing ductility to the column to deformation and 

producing less stress.  

5. It is recommended to provide ties in the column not more 

than 200 mm to resist blast loading.  

6. Supporting the above statement, variation of maximum 

displacement with ties spacing (Fig 8a and 8b) would 

suggest that close spaced stirrups enhances its ductility 

providing maximum displacement compared to maximum 

spacing. 
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ABSTRACT 
An endeavor has been made to deposit ternary Ni–Mo–P coatings autocatalytically utilizing nickel sulphate 

and sodium molybdate as nickel and molybdenum sources, separately, and sodium hypophosphite as a 
lessening operator. These coatings were deposited utilizing a soluble citrate based shower and were contrasted 

and plain Ni–P coatings. The two coatings were described for their structure, morphology and hardness. 

Results obtained from EDX analysis showed that binary Ni–P alloy contains 12.74 wt.% of phosphorus. 
Incorporation of molybdate had reduced the phosphorus content to about 1.09 wt.% in ternary Ni–Mo–P 

deposits. Apart from phosphorus and nickel contents, a trace of sulphur were noticed in ternary Ni–Mo–P 

deposit. Structural examination carried out by XRD studies revealed the presence of a broad peak with a 

calculated grain size of 2.88 nm for binary Ni-P alloy, where as a sharp peak with a grain size of 27.4 nm is 
obtained for ternary Ni–Mo–P alloy. Microhardness measurements were made for as-deposited and heat 

treated coatings. Hardness is increase till 400C and then decreases as like ternary Ni-Mo-P coatings. 

 

I. Introduction 

Materials utilized for designing application are 

picked by their novel properties. In any case, a 

large portion of the materials don't have all the 

necessary properties like hardness, wear, 

scraped area and consumption obstruction and 

so forth. Thus, to bestow such explicit 

properties surface adjustment is completed for 

the base materials either by altering the surface 

itself or by including another layer, for example, 

a covering. Albeit various sorts of covering 

strategies are accessible like physical vapor 

affidavit, concoction vapor statement, electro or 

electroless plating, electroforming and so on., 

electroless plating has increased extensive 

consideration because of its special properties 

like uniform thickness, promptly versatile for 

three dimensional inclusion and conceivable to 

plate both conductive and protecting surfaces. 

Nickel sulphate baths are widely used for 

electrodepositionof nickel and Ni–P alloys in 

acidic baths. Ni–P alloysobtained by electrolytic 

deposition have been highlighted due toits good 

physical and chemical properties, such as 

highcorrosion resistance, good magnetic and 

thermal properties,etc. [1–3]. Ni–P alloys can 

also be prepared by autocatalyticprocess and are 

widely used for the production of uniform, 

lessporous, adherent deposits for many 

industrial applications.Generally, these binary 

http://ijsrcseit.com/
http://ijsrcseit.com/
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alloys are prepared by autocatalyticmethod 

using nickel sulphamate or nickel chloride as a 

nickelsource and hypophosphite as a reducing 

agent along withcomplexing and buffering 

agents. 

ENP coatings are broadly utilized by virtue of 

their great useful properties. It has been 

contemplated out that this magnificent conduct 

is because of the nearness of phosphorus. Prior 

investigations uncover that joining of 

molybdate into the store modifies the useful 

properties. The impact of sodium molybdate on 

a nickel compound electroless testimony process 

and the combination structure has been 

examined as of late. 

By scanning through the available literature not 

much information is available on the studies 

carried out on introduce of sodium molybdate 

in the electroless nickel bath and the 

characterization of resulting deposits. Hence, 

the present investigation focuses on the 

preparation of both binary Ni-P and ternary Ni-

Mo-P alloys for comparison. The obtained 

deposits are characterized for their structure, 

composition, morphology and hardness. 

 

II. EXPERIMENTAL 

 

The composition of the basic bath used for the 

preparationof ternary Ni–P and ternary Ni–Mo–P 

alloys is given in Table1. Nickel sulphate 

concentrate of 22-30 g/L was used as anickel source 

in the electroless bath for the deposition ofbinary 

and ternary alloys. Mild steel specimens (2.5 cm×2.5 

cm×0.08cm) were used as substrate for binary and 

ternary alloydeposition. The composition of the 

mild steel substrate isgiven below: 

 
 

Specimens were degreased in acetone, cathodically 

cleanedin 10% sodium hydroxide solution for 5 min 

at 15 A/dm2,rinsed in running water and deionized 

water. The degreasedsamples were deoxidized in 50 

vol.%sulphuric acid solutionfor 30s, rinsed in 

running water and deionized water andplaced in the 

electroless solution for plating. The electroless 

Table 1: Composition and operating conditions of 

the plating baths 

 
 

Table 2: Composition of as-plated electroless nickel 

alloy coatings determined by EDX analysis 

 
 

solution was taken in a 250-ml glass beaker which 

was keptin a constant temperature water bath 

(Siskin Julabo VPCmodel) to heat the solution to 

90 °C. Stirring of theelectroless nickel alloy bath was 

not employed. Both binaryand ternary deposits were 

plated for 2 h with a deposition rateof 

approx.12μm/h. After plating, the samples were 
againrinsed in running water and deionized water, 

dried andpreserved for characterization.X-ray 

diffraction (XRD) measurements of the deposits 

weremade in as plated condition with a Rigaku 
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D/max 2200 powderdiffractometer using Cu Kα 
radiation. Scanning electronmicroscope (SEM-

Model Leo 440I) with EDX (EnergyDispersive X-ray 

analysis, Oxford) attachment was used todetermine 

the elemental composition of the deposits.  
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Fig 1. X-ray diffraction patterns of as-plated 

electroless(a) Ni-P, (b) Ni-Mo-P coatings 

 

III. RESULTS AND DISCUSSION 

As-deposited coatings of thickness 23±2 µm on mild 

steel samples are subjected to energy dispersive 

analysis of X-ray (EDAX) to find out the Mo and P 

elements co-deposited in EN matrix and are given in 

table 2. It is clear that binary Ni-P deposit contains 

12.74 wt.% P. Small amount of Mo has been co-

deposited due to the addition of 1 g/L of sodium 

molybdate in the alkaline EN bath without affecting 

the P content of 25 g/L. It can also be seen from the 

table 2 that the incorporation of sodium molybdate 

in the bath, P content decreased from 12.75 to 1.09 

wt.%. From this it can be concluded that Mo 

incorporation has affected the composition of 

ternary Ni-Mo-P deposits. The decrease in P content 

withsodium salts of molybdate in EN bath could be 

due to the increase of metals to hypophosphite ion 

ratio in the EN bath. 

The X-ray diffraction patterns of the as-plated Ni-P 

and Ni-Mo-P deposits are shown in fig 1. In both 

diffraction patterns, the reflections corresponding to 

the (111) plane of a face centered cubic (fcc) phase 

of nickel could be observed. From Fig 1(a) it can be 

observed that as-deposited binary Ni-P coating had 

only a single, broad peak at 44° with a calculated 

grain size (from Debye Scherrer formula) of 2.8 nm. 

Co-deposition of molybdate in Ni-P deposit has 

reduced the peak broadness and increased the peak 

sharpness fig 1(b). Apart from high intensity peak 

one more very low intensity peak at 51° is also 

noticed which can be ascribed to Ni (2 0 0). Grain 

size of ternary Ni-Mo-P alloy is 27 nm. 

 

 

Figure 2. SEM micrographs of as-plated electroless 

nickel alloys at 1000X  (a) Ni–P and (b) Ni–Mo–P. 

Chemical resistance of electroless nickel coatings is 

strongly dependent on the P content of Ni-P 

deposits which affects the structure [10] whereas the 

surface morphology is influenced by the chemical 

constituents present in the electroless nickel bath 
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[11]. The effect of Mo co-deposition in electroless 

Ni-P matrix on the morphology of ternary Ni-Mo-P 

alloys is shown in fig 2. Plain Ni-P deposit exhibits a 

smooth morphology with fine nodules fig 2 (a).As 

shown in fig 2 (a) Ni-P deposits exhibited 

cauliflower type of morphology with smooth 

nodules. Pores are also visible in this deposit and 

appear as dark regions. However, these are very 

small pores and may not be penetrated to the 

substrate surface. Whereas Ni-Mo-P depositexhibits 

coarse type of morphology compared to binary Ni-P 

deposit as shown in fig 2 (b). Similar observations 

are also noticed for other ternary alloy deposit like 

Ni-W-P [13]. From the above it can be observed that 

by incorporation of Mo in Ni-P matrix has affected 

not only the morphology but also composition of the 

as-deposited ternary Ni-Mo-P deposits. 

Table 3: Microhardness of electro less deposits in as-

plated and heat treated at various temperatures for 1 

hour. 

 
Microhardness measurements made on the cross-

sections of plain Ni-P and ternary Ni-Mo-P deposits 

in as-deposited and annealed at various temperature 

conditions for 1 hr. Table 3 shows the hardness 

values for Ni-P and Ni-Mo-P coatings at different 

heat treated temperatures. Binary Ni-P deposit 

exhibited microhardness value of 536 VHN in as-

plated condition. The obtained hardness value is 

considerably high compared to that of bulk nickel 

(100-150 VHN) and electrodeposited nickel (250-

350 VHN). Co-deposition of Mo showed an increase 

in hardness in all the cases. From the table it is 

evident that maximum hardness values are obtained 

at 350C. The percentage increase in hardness due to 

Mo inclusion is also shown in Table 3. Both Mo and 

P contents influence the as-deposited hardness. It is 

well known that the co-deposited Mo is in solid 

solution form [10] and P is in supersaturated form in 

EN matrix. Since the Ni-Mo-P is having high Mo 

(16.25 Wt %) and low P (1.09 Wt %) contents and 

due to the heat treatment small amount of nickel 

phopshide could have formed.  

From the table 3 it is evident that there is about 24% 

increase in hardness has been obtained for as plated 

Ni-Mo-P deposits compare to Ni-P deposits. Peak 

hardness of about 990 VHN has been obtained for 

the annealed Ni-Mo-P deposits at 350°C/1hr. In 

general both binary Ni-P and ternary Ni-W-P 

deposits exhibited the maximum hardness of 920 – 

980 VHN after annealing at 400°C/1hr [10]. Whereas 

in the present investigation the peak hardness 

obtained at 350˚C could be due to the presence of 

low phosphorus in Ni-Mo-P deposits. 

 

IV. CONCLUSIONS 

Electroless Ni-Mo-P Ternary alloy coating has been 

successfully prepared. Ni-P deposits exhibited 

cauliflower type of morphology with smooth 

nodules. Whereas Ni-Mo-P deposits exhibited 

coarse morphology. From EDAX analysis, it is clear 

that Ni-P deposit contains 12.75 Wt.% P and 87.25 

Wt.% Ni and the Ni-Mo-P deposit consists of 1.09 

Wt. % P, 16.25 Wt. % Mo and 82.66 Wt. % Ni. 

Calculated grain sizes using XRD data indicated that 

higher grain sizes obtained for the ternary Ni-Mo-P 

deposits compared to binary Ni-P deposits. 

Microhardness measurements made on the cross-

sections of plain Ni-P and ternary Ni-Mo-P deposits 

in as deposited and annealed at various temperatures 

for 1 hr indicated that at all  heat treated conditions, 

Ni-Mo-P deposits showed better hardness than Ni-P 

coatings. 
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ABSTRACT 
 

Rubbers are by and large vital materials, can be custom-made by adding fillers to meet the requests flexible 

industry applications generally Vehicle (elastic) tires are comprised of carbon black, it will experience more 

pressure, when its surface interacts with the street for a more drawn out timeframe, it is watched that there 

will be more wear, so to defeat this issue tires materials are joined or blended with GRAPHENE alongside the 

CARBON BLACK, this will likewise enhances the wear opposition and furthermore it diminishes the 

heaviness of the tire by a specific sum, in this manner expanding the fuel effectiveness. Graphene is 

artificially inactive this keeps it from having connection with elastic when they were combined. Other than 

that, graphene applications likewise being restricted because of its low solvency. Additionally, since graphene 

is nano filler, the sum included into the elastic will be less. Keeping in mind the end goal to accomplish the 

improvement of the properties of elastic, the nano filler should be all around scattered and homogenized with 

the elastic. In this way, so as to build the interfacial collaborations, subordinates of graphene, graphene oxide 

(GO) and diminished/ reduced graphene oxide (rGO) were utilized. As both of the GO and rGO bears 

oxygen- containing practical gatherings, which empower them to scatter well in acetone and furthermore in 

elastic. Subsequently, the properties of graphene are being held. Presently a days, CB faces a few difficulties 

since it is gotten from raw petroleum, it produces over the top squanders and the mechanical properties like 

wear obstruction. Keeping in mind the end goal to enhance the wear opposition, in exhibit work we are 

utilizing graphene in fortification for regular elastic latex. The utilization of Graphene alongside carbon dark 

(CB) in Natural elastic latex it indicates changes in mechanical properties like wear opposition 

Keywords: Graphene, Carbon black, Natural rubber latex, Wear test, Automobile tire. 

 

I. INTRODUCTION 

Graphene is a material made of carbon iotas that are 

reinforced together in a rehashing example of 

hexagons. Graphene is thin to the point that it is 

viewed as two dimensional. Graphene's level 

honeycomb design gives it numerous unprecedented 

qualities, for example, being the most grounded 

material, and in addition one of the lightest material 

on the planet. The graphene has risen as another 

layered carbon material with nano estimate impacts 

and special physical properties. 

Rubbers with fillers have been broadly connected in 

different modern fields because of their 

extraordinary mechanical properties, warm solidness 

and oil opposition. One of the businesses that 

requires enormous measure of filled elastic is the tire 

business. Tires are the fundamental piece of vehicle 

enterprises, at whatever point old tires wear off after 

a separation of mileage was voyage and new tires are 

required for substitution, there is an interest for it. 

Because of the popularity of tires, tire industry has 

turned into the significant customer of regular 

http://ijsrcseit.com/
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elastic. The most broadly utilized filler for elastic in 

tire industry is carbon black. 

Countless research contemplates have shown 

whereby consolidating little measures of particulate 

fillers, for example, carbon- black can present 

noteworthy changes in the mechanical and physical 

properties in elastic. Strengthening with various 

kinds of fillers is fundamental for rubbers, as unfilled 

rubbers have extremely limited applications because 

of their poor mechanical and physical properties. 

The fuse of filler ready to adjust the mechanical 

properties of the elastic, for example, modulus, 

firmness, stress softening effect, wearing and tearing 

opposition, hardness, rigidity and so on. Throughout 

the previous two decades, polymer nano composites 

have much consideration overall scholastically and 

modernly. The fuse of nano fillers, for example, 

graphene, graphene oxide and lessened graphene 

oxide into polymer grid makes materials that show 

enhanced physical, mechanical, unique mechanical, 

warm, and so on properties. [1]To enhance the 

thermo-oxidative maturing obstruction of normal 

elastic, a sort of functionalized graphene (FGE) was 

utilized. In contrast with graphene oxide (GO), FGE 

seemed more twisted surface and achieved the 

higher water contact edge of 134°. By latex-blending 

strategy, the consistently scattered FGE blessed NR 

vulcanizes with clearly enhanced warm solidness. 

Vitally, the NR/FGE nano-composites showed 

incredible thermo- oxidative maturing obstruction, 

which was credited to not just the synergistic 

antioxidative impact of upset phenol gatherings and 

bonds, yet additionally the hindrance part of 

graphene sheets to oxygen. Discoveries give another 

procedure to plan functionalized graphene as 

powerful cancer prevention agent for elastic and 

other polymer materials 

Sliding wear test demonstrated that the wear 

parameters of NBR nanocomposites have essentially 

progressed. The consolidation of graphene in NBR 

has diminished coefficient of friction2.3 times more 

than that of graphite fused NBR.[3] Synthesized sans 

zinc coupling operators (ZFC)and ZFCs-

functionalized graphene (GZFCs), and created 

GZFCs-implanted SBR with noteworthy 

improvement in mechanical, warm, and electrical 

properties. The GZFCs-elastic composite indicated 

upgraded dry and wet braking and moving 

obstruction because of improved scattering and solid 

interfacial association of GZFCs in the silica/elastic 

matrix.[4] Mechanical quality of nanocomposites 

were improved with the expansion of oxidation level 

of GO. This work recommended that GO with 

higher oxidation degree could adequately enhance 

the properties of SBR/XNBR blend.[5] The 

unblemished graphite was first oxidized by 

Hummers strategy to plan graphene oxide (GO), and 

afterward graphene was gotten by concoction 

lessening of GO. The mechanical properties, dynamic 

properties and inner warmth ascent of GE/NR 

nanocomposites have been researched in detail. 

Results demonstrate that GE/NR nanocomposites 

include the enhanced mechanical properties, 

dynamic properties and low inside warmth rise. It is 

watched that when graphene is blended with normal 

elastic latex there is a change in mechanical 

property. The capability of rGO as a promising Nano 

filler in common elastic has been demonstrated. 

II. EXPERIMENTAL SET UP 

The distinctive Equipment’s and materials which are 
utilized as a part of the present work are said beneath. 

Equipment’s:(a) Stirrer (b) Electric oven (c) Wear 
testing machine (d) Weighing machine (e) Beaker (f) 

Dropper 

2. Materials: 

  

 
Figure 1. Materials used 
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Procedure For Composite Preparation 

STEP 1: Legitimate proportion of the got GO colloid 

containing 0.35% Weight and characteristic elastic 

latex of 20% weight and acetone are blended by 

overwhelming mixing by 40 min. 

 

 
(a) Addition of acetone (b) stirring of mixture 

Figure 2. Procedure for composite preparation 

 

STEP 2: The GO/VPR/NATURAL RUBBER 

emulsion is then co-coagulated by 1% weight by 

Sulphuric corrosive arrangement 

  

 
Figure 3. Emulsion is coagulated by Sulphuric acid 

solution 

 

STEP3: The coagulated composites are washed with 

water until the ph of the filtered water reached 6-7 

and then dried in oven about 50 degree Celsius until 

dried. 

 
Figure 4. (a)Pouring colloid into sheet metal model 

(b) Sheet metal model is placed in oven 

 

STEP4: The dried composites were aggravated with 

elastic fixings, and they are. Definition 

  

GO/NATURAL RUBBER composites is as per the 

following 

(a) 90 gm of natural rubber (b) 0-5 gm of graphene 

oxide (c) 5 gm of zinc oxide (d) 2gm of stearic acid 

(e) 3 gm. of antioxidant (4010NA) (f) 2.8 gm. of 

sulfur 

 

Trial No 1: 

The elastic (rubber) fixings are blended amid the 

vulcanization and it is being filled bite the dust for 

relieving and the shape configuration is given 

beneath. 

 
Figure 6. Die for curing 

The pass on which we outlined had not given the 

final result (i.e. the normal elastic composite 

example) as wanted by our measurements so it won't 

be considered for the following procedure. 

Trail No 2: 

The kick the bucket was supplanted by utilizing the 

beneath said figure. 

 
Figure7. (a)Hallow pipe of dia 8mm (b) Rectangular 

rubber tire specimen 

 

Utilizing mellow steel empty pipe granulated front 

bit like cone, play out the punching task on the 

rectangular elastic tire formed example which we 

have done through the vulcanization with the goal 

that the coveted shape is gotten for the testing. 
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The above strategy likewise not gave the coveted 

state of the example, so this was additionally not 

considered. 

Trail No 3: In this technique we arranged a sheet 

metal example which is in the tube shaped shape , so 

the elastic which has experienced the vulcanization 

procedure, we simply pour the vulcanized elastic in 

the empty sheet, at that point we got the correct 

shape required for testing. 

 
Figure8. GI Sheet metal of cylindrical shape 

 

Figure 9 demonstrates that the elastic latex is being 

filled a few number of the sheet metal to get 

examples and it is subjected to normal cooling. 

 

 
Figure 9.Rubber latex is poured in to cylindrical 

shape sheet metal. 

 

Preparation of the specimen 

Elastic example acquired from vehicle tire and in 

addition characteristic elastic blended with the 

graphene examples should be set up with the ASTM 

measures which assistant tried in the wear testing 

machine. 

Step1: Natural rubber latex is taken with a weight of 

90ml in the beaker, here the latex means suspension 

of a microscopic natural rubber particles in an 

aqueous medium. 

Step2: Graphene is added to the natural rubber along 

with the carbon black, the color of carbon black is 

similar to that of the graphene which gives the 

strength to the rubber material. It should be subjected 

to stirring. Graphene is added about 0.5 to 2.5gm. 

Step3: The blending is the most vital factor in this 

procedure in light of the fact that the graphene 

material ought to be totally broken down in the 

elastic latex which gives the coveted quality and so as 

to make the graphene material all around scattered in 

normal elastic, acetone will be included. 

 

The blend will be subjected to mixing under the 

stirrer for around 20-30 min by keeping up the speed 

of 40rpm. 

 

Stage 4: The mixed blend is included with a 2-3 drops 

of sulfuric corrosive to coagulate the blend, and it 

brings about the colloid here the colloid implies 

arrangement which has a molecule extending 

between 1nm to 1000nm in breadth these substances 

stay scattered and don't settle down at base. Impact of 

Graphene in Natural elastic latex 

 

Stage 5: Then the blend is subjected to warming in 

the broiler, and up to 150 degree Celsius it is warmed 

and later it is blended with the elastic fixings, for 

example, 

 

Sulfur-2.8gm, Zinc oxide-5gm,Stearic corrosive 2gm, 

Acetone of 5ml,Accelerator CBS - 1.4gm. 

  

The expansion of the sulfur is called vulcanization, 

something imperative is that if the vulcanization 

specialist introduce before beginning of blending it 

will brings about the untimely vulcanization. 

Stage 6: The acquired item is taken out from the oven 

and it is subjected to characteristic room temperature 

cool until the point that it is totally dried. 

 

Example arranged according to that is ASTM D412 

principles, for the wear testing, the item will be 

gotten 
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Figure 10. (a) Rubber specimen without graphene 

added. (b) Rubber specimen with graphene added (c) 

Actual dimension of specimen. 

C. Pin and Disc Experimental Set Up For Wear Test 

 
Figure 10. Wear testing apparatus 

Emery paper / sheet is used on a disc to provide more 

friction between disc and specimen. Used emery 

paper which is having a coarseness size of 120 grit. 

III. RESULTS AND DISCUSSION 

 

 
Table 1. Following table provides test results of 

rubber specimen 

 
Table 2. Following table provides test results of 

graphene specimen 

 
Table 4. For specimen 2 

 

 

 

Figure 12. Specimen2 without addition of graphene. 

 

The above figure 12 plainly demonstrates that the wear 

rate is expanding for elastic example, where it was 

indicating wear rate of 12 microns at 10 minutes and 

when it came to 15 min it has demonstrated the 

consistent wear and wear rate got slowly expanded to 

13 microns in 20 minutes. 

 
Table 5. For specimen 3 

 
Figure 12. Specimen 3 without addition of graphene. 

 

Here the above diagram demonstrates that the wear 

rate is diminishing for elastic example from 10 microns 

to 9 microns, when the time scopes to 15 and 20 

minutes the chart is demonstrating the steady wear rate 

for elastic example, since it is an elastic example, the 

wear rate may increments or it might demonstrate the 

consistent wear rate in the following 20 minutes of trail 

on keeping the load consistent. 

Charts and table shows results for graphene example: 

 

Table 6. For specimen 1 

  

included, here the graphene expansion has not 

demonstrated the huge outcome, since it is 

demonstrating the comparative properties of the elastic 

example where wear rate got expanded to 12 microns 

at 20 minutes of time term when at first it was 

observed to be 11 microns. 

Table 7. For specimen 2 1.5gm of graphene added 

 

Figure 14. Specimen with 1.5 gm addition of graphene. 

 

The outline exhibits that the wear rate is growing as 

the time proceeds when 0.5gm of graphene is 
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0.5gm of graphene added 

 

  
Figure 13. Specimen with 0.5 gm addition of graphene. 

 

The chart demonstrates that the wear rate is 

expanding as the time continues when 0.5gm of 

graphene is incorporated, here the graphene 

extension has not shown the tremendous result, 

since it is exhibiting the similar properties of the 

versatile case where wear rate got extended to 12 

microns at 20 minutes of time term when at first it 

was seen to be 11 microns. 

Table 8. For specimen 3 2 gm of graphene added 

 
Figure 15. Specimen with 2 gm addition of 

graphene. 

 

The above chart demonstrates that wear rate is 

diminishing as the time builds the option of 2gm of 

graphene has given the better outcomes when it is 

contrasted and the over two diagrams of fig 13 and 

14 where we have included 0.5 gm and 1.5 gm of 

graphene. We can likewise saw from this chart at 

first there was a 6 microns of wear rate at 10 

minutes of time and it was diminished to 4 microns 

at 20 minutes, the test unmistakably finishes up 

when there is an expansion in the graphene 

organization with elastic latex better outcomes can 

be acquired. 

 Percentage of weight reduction calculation. 

 

Percentage of weight reduction = (initial-final) 

weight 

/initial weight. 

 

 
Figure 16. Compression of results 

 

IV. FUTURE WORKS 

 

The normal elastic (rubber) which we have utilized 

can be supplanted by the SBR latex that is styerene 

butadiene elastic latex so as to enhance the further 

mechanical properties for instance to enhance the 

quality, since SBR has gotten from the oil based 

commodity. 

The vinyl pyridine elastic can be used for enhancing 

the coupling properties at whatever point SBR latex 

is utilized as a part of an extensive amount. 

  

Numerous quickening agents, for example, 4010NA 

and additionally activators can be used in a 

particular sum contingent on the general 

arrangement of the normal elastic latex and 

graphene considered. 
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Abstract

Liver is the important organ and common site for a variety of cancer diseases. The most important steps in
treatment planning and evaluation of liver cancer are to identify the presence of liver cancer and to
determine the various stages of liver cancer. This paper proposes an automatic method to segment the liver
from abdominal computer tomography imaging and classify the liver as normal or abnormal liver. The aim
of this work is to develop computer-aided liver analysis to segment the liver and classify the liver, thereby
helping the physician for treatment planning and surgery. The method uses median filter for preprocessingThe method uses median filter for preprocessing
and neutrosophic (NS) domain with FCM thresholding for segmenting the liver. In post processing,and neutrosophic (NS) domain with FCM thresholding for segmenting the liver. In post processing,
morphological operation is done to obtain liver contour. Features are extracted from the segmented livermorphological operation is done to obtain liver contour. Features are extracted from the segmented liver
using gray-level co-occurrence matrix (GLCM). These feature vectors are given as input to train the supportusing gray-level co-occurrence matrix (GLCM).
vector machine (SVM) classifier, to classify healthy or unhealthy liver. The classifier performances are
assessed and analyzed using various quality metrics like accuracy, sensitivity, specificity and
misclassification rate.
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Abstract

Liver is the important organ and common site for a variety of cancer diseases. The most important steps in
treatment planning and evaluation of liver cancer are to identify the presence of liver cancer and to
determine the various stages of liver cancer. This paper proposes an automatic method to segment the liver
from abdominal computer tomography imaging and classify the liver as normal or abnormal liver. The aim
of this work is to develop computer-aided liver analysis to segment the liver and classify the liver, thereby
helping the physician for treatment planning and surgery. The method uses median filter for preprocessingThe method uses median filter for preprocessing
and neutrosophic (NS) domain with FCM thresholding for segmenting the liver. In post processing,and neutrosophic (NS) domain with FCM thresholding for segmenting the liver. In post processing,
morphological operation is done to obtain liver contour. Features are extracted from the segmented livermorphological operation is done to obtain liver contour. Features are extracted from the segmented liver
using gray-level co-occurrence matrix (GLCM). These feature vectors are given as input to train the supportusing gray-level co-occurrence matrix (GLCM).
vector machine (SVM) classifier, to classify healthy or unhealthy liver. The classifier performances are
assessed and analyzed using various quality metrics like accuracy, sensitivity, specificity and
misclassification rate.

Keywords
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Abstract

The number of connected things or devices will be 125 billion by 2030 as per IHS market survey. It
indirectly translates that large number of users will be accessing these devices for collecting, controlling,
monitoring and building edge analytics. The device management policy and data policy on accessing data
from different resources needs proper governance and control. The data security will help these users to
assure regulatory compliance, security, privacy and protection. This paper is a centralized data security
management across different layers of Internet of Things along with rule builder. Mainstream of this study
focusses on compliance standard, identity management, data management and policy engine and audit
reports. The specific regulatory compliance, security standards or firmware or hardware security and
vulnerabilities at IoT layer has not been captured in this paper.
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Abstract

Wireless sensor network senses the environment where the human access is limited. Sensor nodes will
collect the information and pass it to the sink node. When passing the information, malicious node or
compromised node will corrupt it and forward it to the sink node. In the receiver side, a corrupted message
will create a problem. The proper information will not be conveyed to the sink node. The presence of
compromised node will generate incorrect report and it affects the event detection. In this paper, we
proposed an EERN algorithm to provide reliability for the entire wireless sensor network against
compromised node. To provide reliability and to save time, we introduced vigilant node and aggregator
node. Aggregator node will detect the suspicious node. Vigilant node will identify the suspicious node as
malicious, compromised or faulty node.
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Abstract

The advanced development of the wireless sensor today is termed as the “smart sensors”. The smart sensor
in the field of agriculture is one of the new levels of developing factor in artificial intelligence system. The
smart sensor in the field of agriculture is a need for country which is having a water scarcity, as well the
growing countries that take the irrigation to the next level with the help of technology. This motivates an
enormous attempt in the research activities of the irrigation field, standardization, and investment in the
field of agriculture for the better management of the water resources. This survey paper aims at reporting an
overview of sensors Saturas on miniature SWP technology for irrigation, major applications, and also
provides the features of the Saturas, designs, and a case study based on a real implementation is also
reported. Trends and probable evolutions are traced based on the agro-sensors for irrigation purpose.
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Abstract

Digital twin will gain new insight in sports domain. It will not only help to connect and monitor
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ABSTRACT 
 

This work is pertaining to modification of milling and cutting tool inserts plant layout in Production Unit.. 

Extensive work has been carried out using value stream mapping (VSM) to identify the problems, 

bottlenecks, cycle time, down time, work-in-process inventory, material movement constraints, 

production flow lines etc in the existing system. Modification of present layout in PU5 leading to creation 

of separate layout for five operations of milling inserts manufacturing activity, addition of machines 

required, and reducing the job allocation time from 24 hours to 6 hours has resulted in a lot of 

improvements. Significant improvements are;  

(i) Lead time of milling inserts manufacturing is reduced from 14.092 days to 5.95 days and that of 

turning inserts is reduced from 12.392 days to 5.58 days. Percentage reduction in Lead time is 

57.77% and 54.97% respectively.  

(ii)  Work-in-process Inventory is reduced from 210550 units to 110600 units, reduction of 47.5 

percent.  

(iii) Material handling distance is reduced from 315 meters to 265 meters. Value added percent for 

Turning Inserts is increased from 15.04 % to 45.02% and for milling inserts from 13.012 % to 

42.02%. 

(iv)   Centralization of coolant supply system resulted better space utilization and flexibility in effecting 

changes in machines locations.  

(v)  With the new overhead electric connections, the power line can be dropped down and used by the 

required machines and the need to re-wire and re-do the entire electric connection for layout 

changes is eliminated. 

 Based on the study and in consultation with company executives the present Mixed-flow line is 

converted into Mixed-flow line zone To Parallel dedicated flow lines zone To Mixed-flow line zone in 

two plants.This resulted in development of separate reconfigured layout. 

Keywords: Value Stream Mapping, Lead Time, WIP Inventory, Flow Line 
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I. INTRODUCTION 

 

Success of the manufacturing industry is 

largely determined by its ability to respond 
rapidly to market changes and to immediately 

adjust to customer demand. This has resulted 

in an increasing demand for deployment of 
systems that can cope with agility and 

efficiency. Companies must respond with 

modifying production processes. It has been 
studied by several authors that, in order to 

respond to customer´s requirements [1]. 

VSM has been defined as a powerful tool that 

not only highlights process inefficiencies, 
transactional and communication mismatches 

but also provides inputs and guides for 

improvement /modification of manufacturing 
layouts. This tool is proved to be successful in 

different applications under different 

environments and contexts. 
Large manufacturing organizations have been 

achieving productivity improvements for 

decades using what is commonly known as 
lean production. Less is known about the 

extent to which small and medium sized firms 

have benefitted from adoption of lean 

practices such as VSM. This tool helps in 
tracing out system constraints and overcome 

them by implementing new proposals in 

production units [2].  

VSM is a method of visually mapping the flow 

of materials and information from the time. 

The product comes in as the raw material, 
moves through all the manufacturing process 

steps and off the loading dock as finished 

product. Mapping out the activities in the in 
the production process with the cycle times, 

down times, work-in-process inventory, 

material movement, information flow paths, 
will help to visualize the current state of the 

activities and guide towards the future 

desirable state. When all the possible 
improvements have been identified and 

considered in VSM, the next stage is to 

develop a single, future state map to show 

how to operate the process in the future. The 
new process is tested against the Lean 

principles and any waste or flow issues are 

identified and removed [3].  
 

II. EXISTING MANUFACTURING SYSTEM 

 
In cutting tool inserts manufacturing 

company PU5 is engaged in the process of 

manufacturing turning and milling tool inserts, 
these inserts are mainly used for metal cutting. 

Cutting tool inserts are manufactured by 

adopting powder metallurgy process. Powder 

metallurgy uses sintering process for making 
various parts out of metal powder. The metal 

powder is compacted by placing in a closed 

metal cavity (die) under pressure. This 
compacted material is placed in an oven and 

sintered in a controlled atmosphere at high 

temperatures below the melting point of the 
main constituent for the purpose of increasing 

its strength by binding together of particles. 

Manufacturing steps after sintering are top 

and bottom grinding, periphery grinding, edge 

rounding, cleaning and blasting.  

Most of the manufacturing procedure of 
milling and turning inserts is common, only 

additional process in milling tool inserts is 

periphery grinding operation. Presently 

turning and milling tool inserts are 
manufacturing in mixed flow process. 
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III. Existing System VSM 

VSM is a mapping tool that maps not only 
material flows but also information flows that 

signal and control the material flows. This 

visual representation facilitates the process of 
lean implementation by helping to identify 

the value adding steps in a value stream and 

eliminating the non-value adding steps, or 
wastes. The focus of VSM is on a product 

“value stream” for a given “product family”. 
The future state map forms the basis for the 

implementation plan, for focused 
improvement initiatives such as layout 

modification. 

 
A. Current State Mapping 

Value stream mapping of the current state 

identifies the essential and non-essential value 
added activities in the existing process. In PU5 

it is identified that several bottlenecks raised 

due to increase in customer demand rate than 
the current production rate or operation cycle 

time. Comparing takt time; which depends on 

demand rate and quantity in the process flow, 

with the operations cycle time, it may be 
noticed that for both products, operations 

cycle time is greater than the takt time (Table 

1). 
B. Observations and Discussions 

Production activity carried out in PU5is of 

mixed flow process which has many pit falls. 
In each flow workers are required to travel 

longer distances between machines / 

workstations, this causes increase the work in 
process inventory. Routing of process flow is 

long and difficult to follow. Important 

observations made in existing layout are given 
below; 

Manufacturing operations of turning inserts 

and milling inserts have common machines, 

minimum distance between machine to 
machine is 3 meters and maximum distance is 

48 meters which causes longer time for 

material movement, this contributes for 
higher machine idle time. Also it is observed 

that, because of independent coolant system 

for individual machines, effective space 
utilization of shop floor is only 32.7%. Further 

it was found that coolant leakages are taking 

place at many machines. 

Huge total inventories of inserts are 
accumulated at work stations.  Some machines 

are common in function and shared by other 

process where the pile up inventory occurs. 
Demand rate is more than production capacity. 

It is observed that value added percent for 

Turning Inserts is 15.04 % and for milling 
inserts it is13.012 %which is very low.  

Sintering is a monumental process, where in 

batch quantity is more than 10000 numbers in 
inserts and cycle time is more than 24 hours. 

Hence this activity may be kept out of the 

dedicated flow lines proposed for turning 

inserts and milling inserts manufacturing. As 
pressing operation is done prior to sintering 

operations, this operation also needs to keep 

out of flow lines. But work in process 
inventory at this operation is 236 kg and it 

stays for0.8401 days. 
IV. FUTURE STATE MAPPING 

Inputs for developing the future state are 

taken from current state, where target areas of 

improvement are discussed. Current demand 
rate of turning inserts is of 4.5 seconds per 

insert and 6.75 seconds per insert for milling 

inserts. Production activity in PU5 is modified 

into partly mixed flow line and partly 
dedicated flow line. Accordingly future state 
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developed comprises mixed flow line zone 

consisting pressing and sintering operations, 

followed by dedicated flow lines zones for 
turning and milling inserts consisting top and 

bottom grinding, periphery grinding (only for 

milling inserts), edge rounding, cleaning, and 
blasting operations, and continued with mixed 
flow line for operations such as coating, 

inspection, mark and dispatch[7-11]. 
Jobs are allocated to each operation for every 

6 hours by considering their capacity i.e. by 

matching the demand rate and production 

capacity of machines. With proper job 
allocation and inclusion of new machines in 

certain operation where it needs future state 

map has projected substantial improvements 
in terms of reduced in process inventory, 

reduction in non-value added time, lead time 

etc. Important improvements which can be 
achieved are; 

In process inventory has reduced at all the 

operations. Presently, with the future state 
map, total in process inventory is reduced up 

to 47 percent. 
Reduction in production lead time from 

12.392 days to 5.58 days for manufacturing of 
turning inserts and 14.092 days to 5.95 days 

for manufacturing of milling inserts. 
 Value added percent is increased to 45.02% 
for turning inserts and 42.02% for milling 

inserts. 

 
V. DEVELOPMENT OF NEW LAYOUT 

 It is required to separate the certain 

operations of milling inserts manufacturing 
from existing layout due to increased 

requirement of space and for smoother the 

flow of inserts. In view of this it is necessary 
to develop new layout to house the machines 

required for top and bottom grinding, 

periphery grinding, edge rounding, cleaning 

and blasting machines.  New layout is 
developed by considering the factors such as; 

machine area and other requirements, 

material movement distance, machine to 
machine distance and flow of inserts[4].  

 Layout developed is shown in Figure 1 

for separated 5 operations of milling inserts 
manufacturing. Smoother flow of inserts has 

obtained with the separation of five 
operations of milling inserts manufacturing 

from existing layout. This separation made the 
availability of free shop floor area in PU5 to 

improve further in turning inserts 

manufacturing process and eliminating the 
mix up of inserts. Figure 2 depicts the 

modified layout of existing Production Unit 

which leaves out the separated machines of 
milling inserts manufacturing process. There 

are no big changes made in machine 

allocation of turning inserts manufacturing 
process[3]. 

 

VI. COMPARISON OF PROPOSED SYSTEM 

WITH EXISTING SYSTEM 
Compared to existing system, several 

improvements are achieved with the adoption 

of proposed system; selected improvements 
are given in Table 2. In the new system 

dedicated machines are allocated for turning 

and milling inserts manufacturing process in 
some operations. Compared to existing system, 

new proposed system reduces in process 

inventory level by 47.47 %, reduces lead time 
from 12.392 days to 5.58 days for 

manufacturing of turning inserts, and reduces 

from 14.092 days to 5.95 days for 
manufacturing of milling inserts[6,12].  
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VII. CONCLUSIONS 

Modification of existing layout leading to 
creation of separate layout for five operations 

of milling inserts manufacturing activity, 

addition of machines required, and reducing 
the job allocation time from 24 hours to 6 

hours has resulted in a lot of improvements. 

Significant improvements are;   
Lead time of milling inserts manufacturing is 

reduced from 14.092 days to 5.95 days and 

that of turning inserts is reduced from 12.392 

days to 5.58 days. Percentage reduction in 
Lead time is 57.77% and 54.97% respectively. 

Work-in-process Inventory is reduced from 

210550 units to 110600 units, reduction of 
47.5 percent. 

Material handling distance is reduced from 

315 meters to 265 meters 
Value added percent for Turning Inserts is 

increased from 15.04 % to 45.02% and for 

milling inserts from 13.012 % to 42.02% 
Better space utilization and flexibility in 

effecting changes in machines locations[5]. 

Existing mixed-flow line in Production Unit is 

converted into mixed-flow zone to parallel 
dedicated flow lines zone   mixed-flow zone 
in two plant Units. Company has accepted the 

layouts and taken up for implementing the 
changes.  
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Table 2: Comparison of Proposed System with 

Existing System 
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ABSTRACT 

Heat dissipation is one of the most challenging tasks in any product design more so in thermal 

design of Electronic Cabinets, as heat generated by these components may exceed its operating 
temperature limits leading to failure of components. Research shows that, for every 100C 

temperature rise above ambient temperature of the Cabinet, the life of the electronic components 

is reduced by half. Hence limiting the temperature of components below its operating 

temperature range becomes a major criterion in designing any electronic system. In this present 
work, CFD analysis has been carried out using ANSYS Fluent on Electronic Cabinet of size 

358mm x 78mm x 252mm consisting five heat sources with total heat dissipation of 150W. 

Cabinet is designed for two exhaust fans each of 48 CFM. The analysis is carried out by providing 
interrupted fin heat sink. The results of interrupted fin heat sink are compared with the results of 

continuous fin heat sink. It is found that nearly there is 2% reduction in the pumping power cost 

using interrupted fin heat sink due to lower pressure drop and also installing interrupted fin heat 

sink reduces the weight of the Electronic system. The result obtained for temperature rise in a 
Cabinetfound to be 30C which is below the threshold limit. Analysis results of temperature rise 

and inlet velocity was validated with analytical results and hence satisfies. 

Keywords : Temperature rise, fin heat sink, CFD, ANSYS Fluent, Electronic Cabinet 
 

I. INTRODUCTION 

 

Electronic Cabinet provided with fan provides better cooling up to 10% than the Cabinet without 
fans, [1]. Also provision to fin heat sink increases the surface area in contact with cooling medium 

surrounding it. Heat sink is manufactured using most common materials such as Copper and 

Aluminium, since these materials have good thermal conductivity allowing heat to pass through 
it. 

 

In present work,Cabinet is provided with exhaust fans andheat sourcepanel is provided with 

interrupted Aluminium fin heat sink to study the effect of cooling in maintaining the Cabinet 
temperature rise. The analysis is carried out using ANSYS Fluent as CFD tool provides optimum 

solution for an Electronic Cabinet thermal design. 

 
II. LITERATURE SURVEY 

 

Literature survey is carried out to understand state of art of work carried on Thermal 

Management of Electronic Cabinet and also to understand Selection of fans, Boundary conditions 
and Turbulent Models. The summary of the journals are as discussed below: 
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Hoffman Pentair Company, [1], [2003], this technical data sheet highlights the design parameters 
required in thermal design of an Electronic Cabinet. It provides the required basic parameters in 

selection of Fan and Calculating Temperature rise for a Cabinet.  

 
MahendraWankede, et.al, [2], [2010], in this work the PCBS generating 100W is enclosed in an 

Aluminium enclosure. The experimental results are validated with analytical results. The results 

show that enclosure with fans provides 20% reduction in temperature than without fans. 

 
Lakshminarasimha N, [3], [2015], this journal deals with the study on 150W generating heat 

source enclosed in an enclosure. The CFD analysis results are validated with analytical results. 

Journal highlights the analytical formulas required to calculate the temperature rise, Inlet velocity 
and Total heat transfer rate in an enclosure. 

 

Bud Industries Inc, [4], [2007], this industrial data sheet provides overall thermal design aspects 

required for an Electronic Cabinet. 
 

Though the present state of work is not similar to the literatures found as discussed above, the 

effort has been made to carry out the present work with available literatures. 
 

III. METHODOLOGY 

 

The step in analysis consists of Geometry, Meshing and Analysis; these are carried out using 
ANSYS Products and as discussed in the following sections. 

 

A. Geometry 
Fig. 1 shows the Geometry model of Electronic cabinet with interrupted fin heat sink. It consists 

of the following: 

1. Five heat sources 

2. Interrupted fins in 10 rows 
3. Back plate 

4. left side Cabinet opening as inlet 

5. Two exhaust fans at right side of the Cabinet 
 

 

 

 
 

Fig.1: Electronic cabinet with interrupted fin heat sink 

3 

1 

2 

5 
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B. Meshing 
The model is meshed with Hexagonal elements. It consists of 133690 elements. Fig. 2 shows the 

cut plane of the Hexagonal meshed model.  

 
Fig.2: Cut plane of Hexagonal meshed model 

Fig. 3 shows the mesh convergence plot. The Residual monitors for continuity, momentum, k and 

epsilon are maintained to be 1e-3 and for energy maintained to be 1e-7. The results are converged 

at 87 iterations (see Fig. 3). 

 
Fig. 3: Mesh convergence plot 

 
C. Solution Methodology 
The Electronic enclosure is with uninterrupted fin heat sink and with two exhaust fans of 48 CFM 

(see eqn. 1). The heat sources are with heat flux boundary condition generating total heat of 
150W. The walls are with no slip condition andthe flow is considered to be incompressible and 

turbulent. Since flow is turbulent, k-epsilon turbulent model is solved for obtaining results and 

SIMPLE discretization scheme is used to solve for turbulent parameters and momentum 

equations. 
The total air flow requirement for the Electronic Cabinet in CFM, [4] is calculated using eqn.1 

and temperature rise in a cabinet is calculated using eqn. 2. 

Total CFM               ………….. eqn. 1    =  
   ̇     ……………………. eqn. 2   ̇          ………………………... eqn. 3 

Where, 

Q= Total heat dissipated in a cabinet in Watts  ̇= mass flow rate in kg/s  = Density of air= 1.2 kg/m3 

A= Area of inlet/outlet in m2 

V= Velocity at inlet or outlet in m/s   = Specific heat of air = 1005 J/kg. K    = Temperature rise in   
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IV. MATHEMATICAL MODEL 

 

In Fluent, each and every elements of the meshed domain are converged for continuity, 
momentum and energy equations. Since the flow is considered to be turbulent, two more 

equations are converged i.e. k- epsilon turbulent equation model, where k is the turbulent kinetic 

energy and epsilon is the turbulent dissipation rate, [5]. 

 
The advantages of k- epsilon model, [6] are: 

 simplest turbulent model as it requires only initial/boundary condition for solution 

 Most widely validated and well established  
 Wide application in industrial relevant flows with excellent performance 

 

The limitations of k- epsilon model, [6] are: 

 More expensive 
 Poor performance for rotating, swirling and curved boundary flows 

 

V. RESULTS DISCUSSION AND VALIDATION 
 

The analysis and analytical results obtained for velocity, temperature, Temperature rise and 

pressure for Electronic Cabinet are discussed in this section and as follows: 

 
A. Velocity contour, vector and stream line plots 
 

Fig. 4 shows the velocity contour plot for an Electronic cabinet with interrupted fin heat sink. 
The maximum velocity of 13.37m/s was found at outlet. The velocity contour plot for an 

Electronic cabinet with continuous fin heat sink (not shown) shows maximum velocity at the 

outlet similar to Electronic cabinet with interrupted fin heat sink and its velocity found to be 

13.01 m/s.Also for both the cases the inlet velocity was approximately found to be 6 m/s. 
 

 
Fig. 4: Velocity contour plot for an Electronic cabinet with interrupted fin heat sink 

 

Fig. 5 and Fig. 6 shows the vector and stream line plot for an Electronic cabinet with interrupted 

fin heat sink; it signifies the direction of flow of the fluid and captures the circulation zones in the 
domain. 
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Fig. 5: Vector plot for an Electronic cabinet with interrupted fin heat sink 

 
Fig. 6: Stream line plot for an Electronic cabinet with interrupted fin heat sink 

 

Also analytically the result is validated for inlet velocity of the cabinet using eqn. 4. Analytical 

result shows inlet velocity of 5.64m/s and hence satisfies the analysis result. 
Considering flow to be incompressible Applying continuity equation for inlet and outlet of the 

cabinet, 

AiVi = AoVo ………….. eqn. 4 

Where, 
Ai and Ao are the areas of inlet and outlet in m2 

Vi and Vo are the velocity at inlet and outlet in m/s 

 
B. Temperature contour plots 
Fig. 7 shows the temperature contour plot for an Electronic cabinet with interrupted fin heat 

sink. The maximum temperature of 51.120C was found at heat source. The temperature contour 

plot for an Electronic cabinet with continuous fin heat sink (not shown) shows maximum 
temperature at the heat source similar to Electronic cabinet with interrupted fin heat sink and its 

temperature found to be 450C.Comparing both the cases, there is an increase in the temperature 

of heat source about 60C for an Electronic cabinet with interrupted fin heat sink. 
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Fig. 7: Temperature contour plot for an Electronic cabinet with interrupted fin heat sink 

 

C. Temperature rise 
Fig. 8 shows the Temperature contour plot highlighting temperatures at inlet and outlet of the 

cabinet with interrupted fin heat sink. The inlet temperature was found to be 200C andoutlet 
temperature approximately found to be 230C. Therefore temperature rise in a cabinet is about 30C. 

Also, temperature rise in a cabinet is calculated analytically using eqn. 2 and result shows the 

temperature rise of about 2.80C and hence satisfies the analysis result. The result obtained for 
temperature rise for the cabinet with continuous fin heat sink is same as the result of cabinet with 

interrupted fin heat sink. 

 

 
Fig. 8: Temperature contour plot highlighting temperatures at inlet and outlet of the cabinet with 

interrupted fin heat sink 

 
D. Pressure results 
The pressure contour plots were plotted for both Electronic cabinets with interrupted and 

continuous fin heat sink, the result obtained are tabulated as shown in Table 1. 
TABLE 1 

PRESSURE RESULTS AND PUMPING POWER REQUIREMENT 

Cabinet type Inlet pressure (pi) 

in N/m2 

Outlet pressure 

(po) in N/m2 

Pressure drop      in N/m2 

Pumping 

Power 
requirement 

(W)(see eqn. 5) 
Cabinet with 

interrupted fin heat 
sink  

-24.39 -97. 59 73.19 3.29 

Cabinet with 

continuous fin heat 

sink  

-18.63 -93.34 74. 701 3.36 
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In order to pump fluid in a steady state, the power requirement, [7] is given and calculated by: 

Power= ∫      = 
   ̇    ………….. eqn.5  

Where,    is pressure drop= pi – po in N/m2,  ̇ is mass flow rate in kg/s,   is density of fluid in kg/m3 
From Table 1, it can be observed that there is 2% reduction in pumping power cost for the cabinet 

with interrupted fin heat sink as because there is reduction in pressure drop for the cabinet with 

interrupted fin heat sink compared to Cabinet with continuous fin heat sink. The pressure 

contour plot forthe cabinet with interrupted fin heat sink is as shown in Fig. 9. 
 

 
Fig. 9: Pressure contour plot for the cabinet with interrupted fin heat sink 

 
VI. CONCLUSION 

 

CFD Analysis was carried out for the Electronic cabinet with interrupted and continuous fin heat 
sink and results obtained for the velocity, temperature, temperature rise and pressure were 

plotted and compared between both. Also the analysis results of temperature rise and inlet 

velocity is validated analytically and hence satisfies. Comparing results of velocity shows 

negligible difference among both the cases, where as temperature results shows that there is 
increase in temperature of heat source by 60C for an Electronic cabinet with interrupted fin heat 

sink. Though there is increase in temperature, the temperature rise of both the cabinets was found 

to be same and it is about 30C which is below 100C. Also pressure results were plotted, it was 
found that there is a reduced pressure drop for the Electronic cabinet with interrupted fin heat 

sink and therefore there is reduction in pumping power cost compared to Electronic cabinet with 

continuous fin heat sink. Also installation of interrupted reduces the overall weight of the 

Electronic system.  
 

Interrupted fin heat sink can be recommended for requirement of lower pumping power cost but 

not recommended for lower operating temperature application, as there is increase in heat source 
temperature and continuous fin heat sink can be recommended for applications where there is 

requirement of both lower pumping power cost and lower operating temperature. 

CFD tool is very effective in determining the velocity, temperature and pressures for Electronic 

cabinet problems and these results obtained become a ready reckoner for beginner engineers in 
decision making in provision to fins. Present work is not exhaustive; it can be extended further 

for different cases of analysis by varying fin numbers, fin shapes, fin size, and changing fan 

locations. Also analysis results can be experimentally validated. 
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ABSTRACT 
This work is based on weed control which  is the most important problem faced by the farmers in developing 

countries. Considerable efforts have been invested in developing alternatives to traditional smallholder 
weeding technologies and replace the conventional  methods  of  weeding in order to reduce work load, labor 

and human effort,  save time, improve yield of crop, enhance proper weed control and finally reduce the cost 

involved in farming. Designed Prototype of Farm equipment which would be an easiest way to perform 
weeding, spraying chemical and  seeding,  altogether  consisting of three functions in one design and making 

the design a universal fit has been Analyzed, Fabricated, Tested and Evaluated based on the considered design 

criteria's. The weeder is driven by petrol engine to move in forward direction and the blade is attached at rear 

end is placed at the roots of weeds, once the engine get started then the blade start cutting the weeds and 
using cam system the seeding operation can be done, chemical spraying can be done .It is faster than the 

traditional method of removing weed, seeding and spraying. 

Keywords : Weeding, Petrol Engine, Cam System 

 

I. INTRODUCTION 

India is agriculture based country. Near about 60% 
people of our country are farmers. Our economy also 
depends on agricultural products. Nowadays 
tremendous changes have occurred in conventional 
methods of agriculture like seed plantation, 
irrigation system, pesticides and spray used. For 
developing our Economic condition, it is necessary 
to increase our agricultural productivity and quality 
also agriculture is the backbone of Indian economy. 
India being developing nation agriculture and 
industries based on agriculture products has prime 
importance in the national economy. Majority of the 
Indian population depends on agriculture and agro-
based industries and businesses. 

 
Figure 1. Weed Removing Process 

The weed should be controlled and eliminated at 

their early stage. Depending upon the weed density, 
20 to 30 percent loss in grain yield is quite usual 

which might increase up to 80 per cent if adequate 

crop management is not practiced. 

Every year in INDIA, an average of 1980Cr of rupees 

is wasted due to weeds. Our country faces the total 

loss of 33% of its economy from Weeds. The Losses 
are due to some of the following reasons; total loss 

of 26% from Crop Diseases, total loss of 20% from 

Insects and Worms, total loss of 6% from Rats has 
been surveyed. 

http://ijsrcseit.com/
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Manual weeding requires huge labour force and 
accounts for about 25 per cent of the total labour 

requirement. In India this operation is mostly 

performed manually with khurpi or trench hoe that 

requires higher labour input and also very tedious 
and time-consuming process. Moreover, the labour 

requirement for weeding depends on weed flora, 

weed intensity, time of weeding and soil moisture at 
the time of weeding and efficiency of worker. 

Weeds can be removed by manual or mechanical 

weeding .Manual weeding is the use of hands or 

handheld tools to remove weeds .Mechanical 

weeding is the use of powered tools and machinery 

to eliminate weeds. 

 

II. METHODOLOGY 

Successful model designing begins with a logical and 

systematic plan. Model design is a five step problem 

solving process. The following is a detailed analysis 

of each step. 

Step 1: Problem Analysis 

To initiate the design process, we clearly state the 

problem to be solved. State the requirements as 

broadly as possible, but specifically enough to define 

the scope of the design project. 

Step 2: Gather and Analyze Information 

Collect all the relevant data regarding problem and 

assemble for evaluation. The main sources of 

information are weeding, seeding and chemical 

spraying activity. Design considerations need to be 

taken into account. 

Step 3: Designing Concepts 

A brainstorming session should be conducted to 

come up with several good design alternatives. 

Step 4: Concepts Evaluation and Selection 

The fourth phase of the design process is analysis of 

different options using evaluation matrix. 

Step 5: Fabrication 

This phase of the design process consists of turning 

the chosen design approach into reality. The model 

is then fabricated as per specifications and checked if 

all the mechanisms work efficiently. 

 Step 6: Testing and Implementation 

The equipment is tested to check if it meets all the 

objectives. Finally the equipment is checked again if 

there are improvements or alterations to be made. 

After testing the model completely it is then 

implemented. 

Step 7: Result and Final report 

The output calculated during testing the equipment 

on the field are tabulated .Then submission of final 

report. 

 
Fig 2: Flow Chart of Methodology 

 

III. DESIGN & FABRICATION OF THE 

PHYSICAL MODEL 

A. Bevel Gear 

Bevel  gears are gears  where  the  axes  of  the   two 

shaft intersect and the tooth bearing faces of the 

gears themselves are conically shaped. Bevel gears 

are most often mounted on shafts that are 90 degrees 

apart, but can be designed to work at other angles as 

well. The pitch surface of bevel gears is a cone. 

Number of   teeth: 16 
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Figure 3. Bevel Gear 

B. Main Wheel 

  
 

Fig 4: Main Wheel 

C. Base Frame 

 
D. Ball Bearings 

Spherical roller bearings have an outer ring with an 

internal spherical shape. Spherical roller bearings 

can thus accommodate both static and dynamic 

misalignment. The bearings have higher friction 

than an ideal cylindrical or tapered roller bearing 

since there will be a certain amount of sliding 

between rolling elements and rings. Number of 

bearings used is about 6. 

 
E. Seed Container 

 
F. Engine 

Engine type: single cylinder , 2 stroke Fuel: petrol 

Fuel tank capacity: 0.5L Weight: approximately 10.5 

kg 

G. Chain and Sprocket 

This is a standard sprocket which is made of C30 

steel with the outer diameter as 185mm with inner 

diameter as 44mm with 44 number of teeth which is 

matching to the chain and used in this work. 

 
Fig 7: Chain and Sprocket 

H. Lead Battery 

Cycle Use : 14.4-15.0 V 

Stand By Use : 13.5 13.8 V Initial Current is less than 

2.25 A 

 

I. Other Specifications 

Sprayer Tank Capacity : 3  

Litres Nozzle Diameter: 1mm 

Grass Cutter Dia : 12 Cm  

Circular Plate Dia : 17 Cm 

 

V. TESTING 

A. Testing of Weeding Operation 

The weeding unit was first subjected to testing, 
where in order to measure the weeding efficiency 
an area with weeds was analysed and an area of 1 
square feet was marked so that the number of 
weeds before and after the operation could be 
noted. The above field testing figures shows the 
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number of weeds before the operation and after the 
operation. 

Before After 

 

 

Fig 8: Testing of Weeding Operation 

B. Testing of Seeding Operation 

With the use bevel gear, seeding is done at a 
uniform distance with a help of cam system . 

 

Fig 8: Testing of Seeding Operation 

C. Testing of Spraying Unit 

 

Fig 8: Testing of Spraying Unit 

 

V. CALCULATION 

 

 
 

VI. RESULTS AND DISCUSSIONS 

Table I. Time Comparison Between Manual Method 

And Using Machine 

 
Table II. Result of Fertilizer Feeding 

 
In traditional method of weed removal process for a 

person per acre it takes around 20 hours and for 

fertilization  it takes another 1 hour. In our machine 

it takes around 3 hours to complete the weeding of 

an acre land and it completely saves time for 

fertilizer spreading. This machine ensures the 

uniform feeding of fertilizers to the each  crop that 

is 3grams to each crop and it can be adjustable as for 

our requirement. It is time saving and economical 

machine as it performs two tasks at same time. 
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IV. CONCLUSION 

As study says that in our country about 70% of 

population lives in villages & their mainly income 

depend on the agricultural source. Hence the 

prominent aim of this project is to complete the 

weed removing and fertilizer spreading in same time. 

 

The above topic shows the details of agricultural 

technology, this machine can be used to reduce 

labour cost and time of a middle class and small 

sector farmers. This is the little effort to make 

comfort to farmers also this machine is 

manufactured in less cost as compared to other 

machines. The result from this project outcomes are 

assurance of much efficiency, less time consuming, 

worker friendly machine respective to the 

conventional method of weeding. It assures the 

maximum work done with minimum work effort. It 

has solved the problem of traditional way of 

Fertilization. 

 

Also the project learn to fabricate any model 

according to its requirements. All the manufacturing 

process are carried out with the great concentration; 

any wrong calculation may have result in the failure 

of model. And this equipment saves the fuel for the 

larger extent because here we don’t use any fuel for 
its working. At the same time environment 

pollution can also be reduced. Thus aiming to save 

the revenue of government & also most demanded 

fossil fuel. 

 

Practically our multipurpose agricultural equipment 

can be used for tilling, fertilizing, sowing, levelling 

and also used for weed removal purposes. All the 

parts are connected in such a way that in every stage 

of agriculture the equipment can be rearranged or 

easily assembled with fasteners to required length 

and specifications of field operation. 

 

Our team has successfully combined many ideas 

from various fields of mechanical engineering and 

agricultural knowledge to improve the yield and by 

reducing the labour effort and expenses. The whole 

idea of multipurpose equipment is a new concept, 

patentable and can be successfully implement in real 

life situations. 
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ABSTRACT 
 

Rubbers are by and large vital materials, can be custom-made by adding fillers to meet the requests flexible 

industry applications generally Vehicle (elastic) tires are comprised of carbon black, it will experience more 

pressure, when its surface interacts with the street for a more drawn out timeframe, it is watched that there 

will be more wear, so to defeat this issue tires materials are joined or blended with GRAPHENE alongside the 

CARBON BLACK, this will likewise enhances the wear opposition and furthermore it diminishes the 

heaviness of the tire by a specific sum, in this manner expanding the fuel effectiveness. Graphene is 

artificially inactive this keeps it from having connection with elastic when they were combined. Other than 

that, graphene applications likewise being restricted because of its low solvency. Additionally, since graphene 

is nano filler, the sum included into the elastic will be less. Keeping in mind the end goal to accomplish the 

improvement of the properties of elastic, the nano filler should be all around scattered and homogenized with 

the elastic. In this way, so as to build the interfacial collaborations, subordinates of graphene, graphene oxide 

(GO) and diminished/ reduced graphene oxide (rGO) were utilized. As both of the GO and rGO bears 

oxygen- containing practical gatherings, which empower them to scatter well in acetone and furthermore in 

elastic. Subsequently, the properties of graphene are being held. Presently a days, CB faces a few difficulties 

since it is gotten from raw petroleum, it produces over the top squanders and the mechanical properties like 

wear obstruction. Keeping in mind the end goal to enhance the wear opposition, in exhibit work we are 

utilizing graphene in fortification for regular elastic latex. The utilization of Graphene alongside carbon dark 

(CB) in Natural elastic latex it indicates changes in mechanical properties like wear opposition 

Keywords: Graphene, Carbon black, Natural rubber latex, Wear test, Automobile tire. 

 

I. INTRODUCTION 

Graphene is a material made of carbon iotas that are 

reinforced together in a rehashing example of 

hexagons. Graphene is thin to the point that it is 

viewed as two dimensional. Graphene's level 

honeycomb design gives it numerous unprecedented 

qualities, for example, being the most grounded 

material, and in addition one of the lightest material 

on the planet. The graphene has risen as another 

layered carbon material with nano estimate impacts 

and special physical properties. 

Rubbers with fillers have been broadly connected in 

different modern fields because of their 

extraordinary mechanical properties, warm solidness 

and oil opposition. One of the businesses that 

requires enormous measure of filled elastic is the tire 

business. Tires are the fundamental piece of vehicle 

enterprises, at whatever point old tires wear off after 

a separation of mileage was voyage and new tires are 

required for substitution, there is an interest for it. 

Because of the popularity of tires, tire industry has 

turned into the significant customer of regular 

http://ijsrcseit.com/
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elastic. The most broadly utilized filler for elastic in 

tire industry is carbon black. 

Countless research contemplates have shown 

whereby consolidating little measures of particulate 

fillers, for example, carbon- black can present 

noteworthy changes in the mechanical and physical 

properties in elastic. Strengthening with various 

kinds of fillers is fundamental for rubbers, as unfilled 

rubbers have extremely limited applications because 

of their poor mechanical and physical properties. 

The fuse of filler ready to adjust the mechanical 

properties of the elastic, for example, modulus, 

firmness, stress softening effect, wearing and tearing 

opposition, hardness, rigidity and so on. Throughout 

the previous two decades, polymer nano composites 

have much consideration overall scholastically and 

modernly. The fuse of nano fillers, for example, 

graphene, graphene oxide and lessened graphene 

oxide into polymer grid makes materials that show 

enhanced physical, mechanical, unique mechanical, 

warm, and so on properties. [1]To enhance the 

thermo-oxidative maturing obstruction of normal 

elastic, a sort of functionalized graphene (FGE) was 

utilized. In contrast with graphene oxide (GO), FGE 

seemed more twisted surface and achieved the 

higher water contact edge of 134°. By latex-blending 

strategy, the consistently scattered FGE blessed NR 

vulcanizes with clearly enhanced warm solidness. 

Vitally, the NR/FGE nano-composites showed 

incredible thermo- oxidative maturing obstruction, 

which was credited to not just the synergistic 

antioxidative impact of upset phenol gatherings and 

bonds, yet additionally the hindrance part of 

graphene sheets to oxygen. Discoveries give another 

procedure to plan functionalized graphene as 

powerful cancer prevention agent for elastic and 

other polymer materials 

Sliding wear test demonstrated that the wear 

parameters of NBR nanocomposites have essentially 

progressed. The consolidation of graphene in NBR 

has diminished coefficient of friction2.3 times more 

than that of graphite fused NBR.[3] Synthesized sans 

zinc coupling operators (ZFC)and ZFCs-

functionalized graphene (GZFCs), and created 

GZFCs-implanted SBR with noteworthy 

improvement in mechanical, warm, and electrical 

properties. The GZFCs-elastic composite indicated 

upgraded dry and wet braking and moving 

obstruction because of improved scattering and solid 

interfacial association of GZFCs in the silica/elastic 

matrix.[4] Mechanical quality of nanocomposites 

were improved with the expansion of oxidation level 

of GO. This work recommended that GO with 

higher oxidation degree could adequately enhance 

the properties of SBR/XNBR blend.[5] The 

unblemished graphite was first oxidized by 

Hummers strategy to plan graphene oxide (GO), and 

afterward graphene was gotten by concoction 

lessening of GO. The mechanical properties, dynamic 

properties and inner warmth ascent of GE/NR 

nanocomposites have been researched in detail. 

Results demonstrate that GE/NR nanocomposites 

include the enhanced mechanical properties, 

dynamic properties and low inside warmth rise. It is 

watched that when graphene is blended with normal 

elastic latex there is a change in mechanical 

property. The capability of rGO as a promising Nano 

filler in common elastic has been demonstrated. 

II. EXPERIMENTAL SET UP 

The distinctive Equipment’s and materials which are 
utilized as a part of the present work are said beneath. 

Equipment’s:(a) Stirrer (b) Electric oven (c) Wear 
testing machine (d) Weighing machine (e) Beaker (f) 

Dropper 

2. Materials: 

  

 
Figure 1. Materials used 
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Procedure For Composite Preparation 

STEP 1: Legitimate proportion of the got GO colloid 

containing 0.35% Weight and characteristic elastic 

latex of 20% weight and acetone are blended by 

overwhelming mixing by 40 min. 

 

 
(a) Addition of acetone (b) stirring of mixture 

Figure 2. Procedure for composite preparation 

 

STEP 2: The GO/VPR/NATURAL RUBBER 

emulsion is then co-coagulated by 1% weight by 

Sulphuric corrosive arrangement 

  

 
Figure 3. Emulsion is coagulated by Sulphuric acid 

solution 

 

STEP3: The coagulated composites are washed with 

water until the ph of the filtered water reached 6-7 

and then dried in oven about 50 degree Celsius until 

dried. 

 
Figure 4. (a)Pouring colloid into sheet metal model 

(b) Sheet metal model is placed in oven 

 

STEP4: The dried composites were aggravated with 

elastic fixings, and they are. Definition 

  

GO/NATURAL RUBBER composites is as per the 

following 

(a) 90 gm of natural rubber (b) 0-5 gm of graphene 

oxide (c) 5 gm of zinc oxide (d) 2gm of stearic acid 

(e) 3 gm. of antioxidant (4010NA) (f) 2.8 gm. of 

sulfur 

 

Trial No 1: 

The elastic (rubber) fixings are blended amid the 

vulcanization and it is being filled bite the dust for 

relieving and the shape configuration is given 

beneath. 

 
Figure 6. Die for curing 

The pass on which we outlined had not given the 

final result (i.e. the normal elastic composite 

example) as wanted by our measurements so it won't 

be considered for the following procedure. 

Trail No 2: 

The kick the bucket was supplanted by utilizing the 

beneath said figure. 

 
Figure7. (a)Hallow pipe of dia 8mm (b) Rectangular 

rubber tire specimen 

 

Utilizing mellow steel empty pipe granulated front 

bit like cone, play out the punching task on the 

rectangular elastic tire formed example which we 

have done through the vulcanization with the goal 

that the coveted shape is gotten for the testing. 
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The above strategy likewise not gave the coveted 

state of the example, so this was additionally not 

considered. 

Trail No 3: In this technique we arranged a sheet 

metal example which is in the tube shaped shape , so 

the elastic which has experienced the vulcanization 

procedure, we simply pour the vulcanized elastic in 

the empty sheet, at that point we got the correct 

shape required for testing. 

 
Figure8. GI Sheet metal of cylindrical shape 

 

Figure 9 demonstrates that the elastic latex is being 

filled a few number of the sheet metal to get 

examples and it is subjected to normal cooling. 

 

 
Figure 9.Rubber latex is poured in to cylindrical 

shape sheet metal. 

 

Preparation of the specimen 

Elastic example acquired from vehicle tire and in 

addition characteristic elastic blended with the 

graphene examples should be set up with the ASTM 

measures which assistant tried in the wear testing 

machine. 

Step1: Natural rubber latex is taken with a weight of 

90ml in the beaker, here the latex means suspension 

of a microscopic natural rubber particles in an 

aqueous medium. 

Step2: Graphene is added to the natural rubber along 

with the carbon black, the color of carbon black is 

similar to that of the graphene which gives the 

strength to the rubber material. It should be subjected 

to stirring. Graphene is added about 0.5 to 2.5gm. 

Step3: The blending is the most vital factor in this 

procedure in light of the fact that the graphene 

material ought to be totally broken down in the 

elastic latex which gives the coveted quality and so as 

to make the graphene material all around scattered in 

normal elastic, acetone will be included. 

 

The blend will be subjected to mixing under the 

stirrer for around 20-30 min by keeping up the speed 

of 40rpm. 

 

Stage 4: The mixed blend is included with a 2-3 drops 

of sulfuric corrosive to coagulate the blend, and it 

brings about the colloid here the colloid implies 

arrangement which has a molecule extending 

between 1nm to 1000nm in breadth these substances 

stay scattered and don't settle down at base. Impact of 

Graphene in Natural elastic latex 

 

Stage 5: Then the blend is subjected to warming in 

the broiler, and up to 150 degree Celsius it is warmed 

and later it is blended with the elastic fixings, for 

example, 

 

Sulfur-2.8gm, Zinc oxide-5gm,Stearic corrosive 2gm, 

Acetone of 5ml,Accelerator CBS - 1.4gm. 

  

The expansion of the sulfur is called vulcanization, 

something imperative is that if the vulcanization 

specialist introduce before beginning of blending it 

will brings about the untimely vulcanization. 

Stage 6: The acquired item is taken out from the oven 

and it is subjected to characteristic room temperature 

cool until the point that it is totally dried. 

 

Example arranged according to that is ASTM D412 

principles, for the wear testing, the item will be 

gotten 
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Figure 10. (a) Rubber specimen without graphene 

added. (b) Rubber specimen with graphene added (c) 

Actual dimension of specimen. 

C. Pin and Disc Experimental Set Up For Wear Test 

 
Figure 10. Wear testing apparatus 

Emery paper / sheet is used on a disc to provide more 

friction between disc and specimen. Used emery 

paper which is having a coarseness size of 120 grit. 

III. RESULTS AND DISCUSSION 

 

 
Table 1. Following table provides test results of 

rubber specimen 

 
Table 2. Following table provides test results of 

graphene specimen 

 
Table 4. For specimen 2 

 

 

 

Figure 12. Specimen2 without addition of graphene. 

 

The above figure 12 plainly demonstrates that the wear 

rate is expanding for elastic example, where it was 

indicating wear rate of 12 microns at 10 minutes and 

when it came to 15 min it has demonstrated the 

consistent wear and wear rate got slowly expanded to 

13 microns in 20 minutes. 

 
Table 5. For specimen 3 

 
Figure 12. Specimen 3 without addition of graphene. 

 

Here the above diagram demonstrates that the wear 

rate is diminishing for elastic example from 10 microns 

to 9 microns, when the time scopes to 15 and 20 

minutes the chart is demonstrating the steady wear rate 

for elastic example, since it is an elastic example, the 

wear rate may increments or it might demonstrate the 

consistent wear rate in the following 20 minutes of trail 

on keeping the load consistent. 

Charts and table shows results for graphene example: 

 

Table 6. For specimen 1 

  

included, here the graphene expansion has not 

demonstrated the huge outcome, since it is 

demonstrating the comparative properties of the elastic 

example where wear rate got expanded to 12 microns 

at 20 minutes of time term when at first it was 

observed to be 11 microns. 

Table 7. For specimen 2 1.5gm of graphene added 

 

Figure 14. Specimen with 1.5 gm addition of graphene. 

 

The outline exhibits that the wear rate is growing as 

the time proceeds when 0.5gm of graphene is 
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0.5gm of graphene added 

 

  
Figure 13. Specimen with 0.5 gm addition of graphene. 

 

The chart demonstrates that the wear rate is 

expanding as the time continues when 0.5gm of 

graphene is incorporated, here the graphene 

extension has not shown the tremendous result, 

since it is exhibiting the similar properties of the 

versatile case where wear rate got extended to 12 

microns at 20 minutes of time term when at first it 

was seen to be 11 microns. 

Table 8. For specimen 3 2 gm of graphene added 

 
Figure 15. Specimen with 2 gm addition of 

graphene. 

 

The above chart demonstrates that wear rate is 

diminishing as the time builds the option of 2gm of 

graphene has given the better outcomes when it is 

contrasted and the over two diagrams of fig 13 and 

14 where we have included 0.5 gm and 1.5 gm of 

graphene. We can likewise saw from this chart at 

first there was a 6 microns of wear rate at 10 

minutes of time and it was diminished to 4 microns 

at 20 minutes, the test unmistakably finishes up 

when there is an expansion in the graphene 

organization with elastic latex better outcomes can 

be acquired. 

 Percentage of weight reduction calculation. 

 

Percentage of weight reduction = (initial-final) 

weight 

/initial weight. 

 

 
Figure 16. Compression of results 

 

IV. FUTURE WORKS 

 

The normal elastic (rubber) which we have utilized 

can be supplanted by the SBR latex that is styerene 

butadiene elastic latex so as to enhance the further 

mechanical properties for instance to enhance the 

quality, since SBR has gotten from the oil based 

commodity. 

The vinyl pyridine elastic can be used for enhancing 

the coupling properties at whatever point SBR latex 

is utilized as a part of an extensive amount. 

  

Numerous quickening agents, for example, 4010NA 

and additionally activators can be used in a 

particular sum contingent on the general 

arrangement of the normal elastic latex and 

graphene considered. 
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ABSTRACT 
 

Aluminium is the most widely used material for applications such as cooking utensils, food processing 

equipment, storage tanks, aircraft components, pressure vessels, ladders, railings, frames, tool boxes, truck 

bumpers components in truck and automobile industries, which requires strength and good formability. In 

this study, it is aimed to present the experimental results of studies conducted on strain hardenable 

characteristics of non-heat treatable casted and forged aluminium alloys using tensile test.. Pure aluminium, 

Aluminium alloy 5052 and Aluminium alloy 3003 are the chosen materials for the work. Strain hardening 

conditions selected are H12 and H14 on specimens as per ASTM standards. This paper involves graphs of true 

stress v/s strain as per the results obtained from tensile test on different heat treatment conditions. 

Keywords : Strength, Formability, Characteristics, Strain Hardening, Aluminium alloy, H12-Half hardened, 

H14- Quarter hardened 

 

I. INTRODUCTION 

Non-heat treatable aluminium (NHT) alloys are 

utilized in all of the main industrial markets for 

aluminium flat-rolled products. Transportation, 

packaging and the building/construction sectors 

have represented the greatest utilization of NHT 

sheet all through the last phase of the 20th 

century. Higher performance non-heat treatable 

alloys have been developed for new and present 

applications ranging from foil to high electricity 

structural products. Work hardening, also 

known as strain hardening, is the strengthening 

of a metal by plastic deformation. This 

strengthening occurs because of dislocation 

movements and dislocation generation within 

the crystal structure of the material. Most non-

brittle metals with a reasonably   high melting 

point as well as several polymers can be 

strengthened in this fashion. Alloys not 

amenable to heat treatment, including low-

carbon steel, are often work- hardened. Some 

materials cannot be work-hardened at normal 

ambient temperatures, such as indium, however 

others can only be strengthened via work 

hardening, such as pure copper and aluminium. 

Work hardening or cold working is an important 

industrial process that is used to harden metals 

or alloys that do not respond to heat treatment. 

The chosen materials consist of following 

chemical composition. The composition of pure 

aluminium has not illustrated here. 

http://ijsrcseit.com/
http://ijsrcseit.com/
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Table 1. Chemical composition of Al-3003 alloy 

 

Element % 
Present 

Manganese 
(Mn) 

1.10 - 
1.50 

Iron (Fe) 0.0 - 
0.70 

Copper (Cu) 0.05 - 
0.20 

Magnesium 
(Mg) 

0.0 - 
0.05 

Silicon (Si) 0.0 - 
0.60 

Zinc (Zn) 0.0 – 
0.1 

Others 0.0 – 
0.15 

Aluminium Balance 
 

Table 2. Chemical composition of Al-5052 alloy 

 

Element % 

Present 
Manganese 

(Mn) 
0.0 - 0.9 

Iron (Fe) 0.0 - 
0.39 

Copper (Cu) 0.0 - 

0.10 
Magnesium 

(Mg) 
2.20 - 
2.80 

Silicon (Si) 0.0 - 
0.25 

Zinc (Zn) 0.0 - 0.9 

Chromium 
(Cr) 

0.15 - 
0.24 

Others 
(Total) 

0.0 - 
0.14 

Aluminium 
(Al) 

Balance 

 

II. METHODOLOGY 

A. Preparation of castings 

In the present study castings of pure Al, Al-3003 alloy 

and Al-5052 alloys are produced using sand casting 

process. The shape of moulds is cylindrical sand 

moulds. Green sand used in the study has following 

ingredients: 

Silica (SiC2) Sand - AFS :  25 

Clay Binder - Bentonite : 11.2% 

Moisture content : 3.25 

Additives - Coal dust : To improve Surface Finish. 

In the present study three materials have been 

selected which are procured in the form of ingots. 

Pure Aluminium 

Al – 3003 alloy & 

Al – 5052 alloy 

These materials are kept in a crucible of 5 kg capacity, 

and heated at different temperatures for their 

melting. The melting temperatures are shown below. 

Pure Aluminium 700oC 

Al – 3003 alloy 800 oC 

Al – 5052 alloy 800 oC 

Molten metal obtained from crucible is poured into 

the cylindrical moulds prepared and allowed it to 

solidify. Finally we have produced 6 castings from 

each material. 

 
Fig.1 Casting 

 

 
Fig.2 Casted specimens 

The three (3) castings of each material are kept in a 

forging furnace at 450 oC for 1 hour. The heated 

specimens are then hand forged using hammers and 

then the forged specimens are cooled to atmospheric 

temperature. In total, 9 casted and 9 forged specimens 

are produced from three materials. The forged 

specimens are further subjected to stress relieving to 

remove internal stresses. 
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Fig.3 Forging 

 
Fig.4 Forged specimens 

B. Preparation of  Testing specimen 

All the materials, 9 casted and 9 forged materials are 

machined to produce tensile specimens. And 

specimens have been prepared as per ASTM 

standards. 

 
Fig.5 tensile specimens 

C. Tensile  

Tensile strength is among the most important 

properties of engineering materials. Universal Testing 

Machine (UTM) was used to conduct tension test and 

to find the ultimate tensile strength of 18 specimens. 

 

III. RESULTS AND DISCUSSION 

 

The tensile test has been conducted on different 

specimens with different hardened conditions. From 

testing, a good relation has been obtained between 

strength and various parameters such as work 

hardening effect, manufacturing process effect, work 

hardening rate. The true stress v/s true strain curves 

for all specimens are plotted for different conditions 

and are shown below. 

 

 

 

 

 

 

 

A. Effect of work hardening on Strength 

 
Fig.6 Graph shows effect of work hardening on 

strength of pure Al 

 
Fig.7 Graph shows effect of work hardening on 

strength of Al-3003. 

 
Fig.8 Graph shows effect of work hardening on 

strength of Al-5052 

 

From the above graphs, it is clear that the strength of 

the material has increased with strain hardening for 

forged specimen of pure aluminum, Al-3003 and Al-

5052 than the specimen without strain hardened 

(casted). This is due to increase in stress required for 

dislocations to move as the material is unloaded and 

reloaded with strain hardening. 
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B. Effect of manufacturing process on work 

hardening. 

 
Fig.9 Graph shows effect of manufacturing process on 

Pure Al for H12 work hardened condition 

 
Fig.10 Graph shows effect of manufacturing process 

on Pure Al for H14 work hardened condition 

 
Fig.11 Graph shows effect of manufacturing process 

on Al- 3003 for H12 work hardened condition 

 
Fig.13 Graph shows effect of manufacturing process 

on Al-5052 for H12 work hardened condition 

 
Fig.14 Graph shows effect of manufacturing process 

on Al- 5052 for H14 work hardened condition 

From the above graphs, it is evident that forged 

specimens of pure aluminium have shown better 

work hardening characteristics than casted specimens 

under all strain hardening conditions. 

V. CONCLUSION 

Based on the experimental data obtained and 

observations made in the present study, it is 

concluded as below. Strain Hardening increases the 

strength of non- heat treatable alloys considerably. 

Forged specimens have shown greater work hard 

enable characteristics and greater strengths than 

casted specimens. H14 and H12 conditions show 

greater characteristics than without strain hardened 

condition. Strain hardening rate and strength are 

inversely proportional to each other. 
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ABSTRACT 
 

Delamination in laminated composite structures usually initiate from discontinuities such as matrix cracks 

and free edges or from embedded defects due to the manufacturing processes. Therefore, it is important to 

analyze the progressive growth of delamination in order to predict the performance of a composite structure 

and to develop reliable and safe designs. Virtual Crack closure Technique (VCCT) is a fracture mechanics 

approach which is widely used to compute energy release rates. Cohesive Zone Method (CZM) is a 

progressive event governed by progressive stiffness reduction of the interface between two separating faces 

which uses bilinear material behavior for interface delamination and these two methods are used to analyze 

the delamination of multidirectional composite Double Cantilever Beam (DCB) specimen in a Commercial 

Finite element Package called ABAQUS. The proposed methods are validated with the benchmark results and 

load-displacement curves are plotted using both the methods. The strain energy release rates are found out 

using VCCT and a parametric study is performed by varying the crack lengths. 

Keywords: Delamination, Virtual Crack closure Technique (VCCT), Cohesive Zone Method (CZM), stiffness, 

Double Cantilever Beam (DCB) 

 

I. INTRODUCTION 

Delamination forms on the interface between the 
layers in the laminate. The analysis of delamination is 
commonly divided into the study of the initiation and 
the analysis of the propagation of an already initiated 
area. Delamination may form from matrix cracks that 
grow into the inter-laminar layer or from low-energy 
impact. De-bonding can also form from production 
non adhesion along the bond line between two 
elements and initiate delamination in adjacent 
laminate layers. Under certain conditions, 
delamination’s or de-bonds can grow when subjected 
to repeated loading and can cause catastrophic failure 
when the laminate is loaded in compression. 

The Double Cantilever Beam (DCB) is used to 
access the mode I failure strength of composite 
laminate with all plies. In this type of failure mode, 
the load is applied on the cantilever arms and the 
crack propagates in the direction perpendicular to the 
applied load. In this case, no shear at the crack tip of 
delamination exists. Hence, the crack growth is due 
to the out-of-plane load. For this crack growth, we 
term as “Mode-I” fracture. When the crack advances, 
the de-bonding takes place between the interfacial 
surfaces leading to the fracture, releasing the energy 
which is resulting in delamination. The energy that is 
dissipated in this process is coined as strain energy 
release rate or fracture energy pertaining to the DCB. 
During this process of crack propagation, the applied 

http://ijsrcseit.com/
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load will assist in increasing the energy associated 
with the cantilever arms and thus succeeds in 
attaining an energy level which is equal to or greater 
than the threshold barrier energy. 

The strain energy release mechanism is controlled 
at least partially by the structural interaction between 
plies during loading the laminate. Since this 
interaction can be altered by the kinematics of the 
crack, the energetic argument provides not only a 
criterion for crack growth but also for the kinematic 
effects such as growth stability. 

 

Fig 1: Modes of Failure   

 
Fig 2: Double Cantilever Beam with Load 

 

II. THEORY AND CALCULATION 

This paper evaluates to perform progressive 

damage simulation of the below mentioned DCB 

specimens with both unidirectional and multi 
directional composites by using Virtual Crack Closure 

Technique (VCCT) and Cohesive Zone Models 

(CZM)  
 

 

Fig 3 : Multidirectional Double Cantilever Beam 

specimen 

 

The Carbon-Epoxy multidirectional composite 

double cantilever Beam specimen is as shown in the 

above Fig 3. It has 32 plies having stacking sequence 
and the delamination is at the 16th ply. For this 

specimen progressive damage simulation of a Double 

Cantilever Beam specimen is carried out and the 
strain energy is evaluated using Virtual Crack Closure 

Technique method. 

 

Fig 4 : Unidirectional Composite Specimen 

specification 

 

 

Fig 5 : Multidirectional composite beam specifications 
 

Table 1: Material Properties of the DCB specimen 

 
Table 2: Material Properties of the unidirectional 

specimen 
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Virtual Crack Closure Technique 

 The virtual crack closure technique (VCCT) is a 
well-established method for calculating the energy 

release rate (ERR) when analyzing fracture problems 

via the finite element method (FEM). The technique 

is based on the numerical implementation of Irwin’s 
crack closure integral, as first proposed for two-

dimensional problems and later extended to three-

dimensional problems.. In recent years, the VCCT has 
gained great popularity for the study of mixed-mode 

fracture problems, such as the delamination of 

composite materials and interfacial fracture between 

dissimilar materials.  

 VCCT calculates energy release rate G, with the 

assumption that the energy needed to separate the 

surface is same as the energy needed to close the same 
surface area. This technique uses a contact or 

interfacial elements along a predefined interface of 

model.  

Nevertheless, this type of modeling involves a 
fracture mechanics technique with large body work. 

Although the growth criterion is energy release rate, 

G which is the subject of interest but there are few 
assumptions that must be accounted for, before 

proceeding to model. They are  

• Number of cracks  

• Location of cracks  

• Size of cracks  

Cohesive Zone Modeling  

 Cohesive zone (CZ) models have been introduced 
by Dugdale and Barenblatt and have recently 

attracted a growing interest in the scientific 

community to describe failure processes and 

delamination in particular. Cohesive zones project all 
damage mechanisms in and around a crack tip on the 

interface, leading to a constitutive relation, or 

cohesive zone law, between the traction and opening 

displacement 

As the surfaces (known as cohesive surfaces) 
separate, traction first increases until a maximum is 

reached, and then subsequently reduces to zero 

which results in complete separation. The variation 
in traction in relation to displacement is plotted on a 

curve and is called the traction-displacement curve. 

The area under this curve is equal to the energy 

needed for separation. CZM maintains continuity 
conditions mathematically; despite physical 

separation. It eliminates singularity of stress and 

limits it to the cohesive strength of the material. 
Advantages of Cohesive Zone models are:  

1) Interaction between crack faces is automatically 

incorporated and  

2) It can be fitted on experimental data.  
Cohesive zone models relate the relative 

displacement (”opening” Δ) of two associated points 
of the interface to the force per unit of area 
(”traction” T) needed for separation. Frequently – but 

not necessarily – a difference is made between 

normal (n) and tangential (t) direction, so the 

cohesive zone law comprises the two relations Tn(Δn) 
and Tt(Δt).  
Cohesive zone laws can be uncoupled or coupled. In an 

uncoupled cohesive zone law the normal/tangential 

traction is independent of the tangential/normal 

opening. In a coupled cohesive zone law, both normal 

and tangential tractions depend on both the normal 

and tangential opening displacement. Uncoupled laws 

are intended to be used when the debonding process 

occurs under one mode – normal (mode-I) or 

tangential (mode-II) loading – or is largely dominated 

by one mode. The majority of cohesive zone laws have 

a (partial) coupling between normal and tangential 

directions, which is achieved by introducing coupling 

parameters in the model. 
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IV. FINITE ELEMENT ANALYSIS 

The finite element method is a numerical 

technique for obtaining approximate solution by 

reducing the infinite degree of freedom to finite 

degree of freedom for a wide variety of engineering 

problem. 

 

 

Fig 6 : Finite Element Modeling of DCB specimen 

with Boundary conditions 

 

Fig 7 : Refine mesh at the crack tip 

 

 
 

Fig 8 : Finite element modeling of DCB specimen 

using shell elements 

Delamination analysis for a composite double 

cantilever beam specimen is carried out using 

commercially available FE package Abaqus. Finite 

element Modeling of the specimen is done in abaqus 

software and it is meshed using 3D hexagonal 

elements as shown in the fig 8. Fine mesh is done 

near the crack tip and at the edges and coarse mesh at 

the other surface. Right end of the Double cantilever 

beam specimen is fixed and a constant loading of 10N 

is applied at the other end as shown in the Fig 6. 

 

A 3-D model is meshed using a SOLID 

C3D20R having 20 Nodes elements which is capable 

of modeling a composite structure up to 250 layers. 

While meshing the areas the aspect ratio is 

maintained in order to obtain the results accurately. 

Theoretically the thickness direction should contain a 

minimum of three nodes defining the surface and the 

number of nodes in the length and width (3-D) can 

be any arbitrary value. The meshing can be coarse at 

the junction and should be finer where the crack tip 

is present and the region around the tip. The rest of 

the specimen is not the subject of interest so the mesh 

can be coarse enough for the solution to converge. 

 

Typically this de-bonding technique is 

implemented using a contact and target elements at 

the interface along with Virtual Crack Closure 

Technique. The Finite element modeling of the DCB 

specimen using 3D shell elements are as shown in the 

Fig 8. The 4 noded shell element with reduced 

integration scheme (S4R) has been used for the bulk 

material and the 8noded 3D (COH3D8) cohesive 

element has been used for model zero thickness 

cohesive zone. These cohesive elements will have the 

properties of the adhesives used in the DCB specimen 

and the young’s modulus of adhesive used , normal 

traction force and tangential traction force are given 

as input to the Abaqus software. 

V. RESULTS AND DISCUSSION 

From the Fig 8,  It can be noted that both the 

cantilever beams pull apart symmetrically from the 

crack face, thus signifying the vertical displacement 

of nodes on the crack face resulting delamination. 

This implies that there is a strong dominance of mode 

I loading in this condition.   
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Fig 9: Crack Propagation of DCB specimen using 

VCCT technique 

 

Fig 9 represents Crack propagation of a 

double cantilever beam specimen using Cohesive 

Zone Modeling method. The blue elements in 

between the cantilever beams represent the cohesive 

elements. These cohesive elements are nearly zero 

thickness elements which are introduced in between 

the cantilever beams and these cohesive elements are 

introduced along the complete width of the specimen 

and will have the properties of adhesives and during 

crack propagation these elements are distorted and it 

will give clear indication of crack propagation across 

any direction of the specimen. 

 

 
Fig 10: Crack propagation using CZM method 

 

The Load and displacement curves are plotted 

for the multidirectional Double Cantilever Beam 

specimen using Virtual crack closure Technique and 

Cohesive Zone modeling approaches. 

 

 

 
Fig 11: Load-displacement curves for VCCT and CZM 

 

In Fig 10 it can be observed that the curve is 

linear up to failure (Onset of delamination), therefore 

critical load (Pcrit) and displacement (δcrit) were 
taken as maximum. The Load-displacement response 

was successfully modeled by both approaches. From 

the graph It can be noted that the load displacement 

curve which is obtained using VCCT traced a linear 

path till it reaches the critical load, and without any 

softening effect which implies that in binary contact 

conditions using VCCT, no stiffness degradation of 

the contact elements at the interface takes place and 

crack tip changes from bonded to open. On the other 

hand Cohesive Zone Modeling Estimated the Critical 

Load little less than that the Critical Load obtained 

from the VCCT because of the presence of the 

Cohesive elements at the interface which will have 

the same properties that of the adhesives used to 

bond the cantilever beams whose stiffness is very less 

than the beam elements which results in stiffness 

degradation and thus crack opening takes place little 

early. A Fairly good correlation can be observed 

between Virtual Crack Closure Technique and the 

Cohesive Zone Modeling methods from the graph. 

A. Strain energy Release rate 

The strain energy release rate is a fracture 

parameter which is used to measure delamination 

characteristics of composite laminates and it can be 

defined as “the energy dissipated during the crack 
formation for a newly created crack surface area” and 
denoted as G. the strain energy release rate for the 

multi direction composite double cantilever beam is 

calculated using Virtual Crack Closure Technique and 
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the computed strain energy release rate distributions 

across the width of the specimen are shown in Fig. 11 

 
Fig 12: Strain Energy Release Rate vs. Width of the 

specimen 

B. Progressive damage analysis of the DCB with 

unidirectional composite layups using CZM 

Progressive damage analysis of the DCB 

specimen of unidirectional composite layups is done 

using Cohesive Zone Modeling method. The 4 noded 

plain strain elements are used for the bulk material 

and 4 noded cohesive elements are used for zero 

thickness cohesive zone. The propagated crack and 

the failed cohesive elements are as shown in the fig. 

The white colored elements in the interface show the 

failed cohesive elements. The Load vs. Displacement 

curve is plotted for the above specimen and it is 

compared with the experimental results. Loads are 

taken in ‘N’ and the crack opening displacement 

(COD) is in mm 

 

 
Fig 13: Crack propagation of DCB specimen using 

CZM method 

 

The Load-deflection curve is plotted for the 

above shown unidirectional specimen and it is 

compared with the experimental results and the 

trends shows good agreement with the experimental 

results. The curve is linear upto the elastic portion 

(the rising curve). The load for which the 1st node in 

the cohesive zone fails, can be predicted by the finite 

element modeling. In the softening zone the trend 

first decreases which agree with the bilinear traction 

separation law which is specified as the constitutive 

law of the cohesive zone model. The later portion 

shows the diverging effect as the mesh becomes 

course. As the elements become finer the curve tends 

to come down. More the finer mesh the diverging 

curve will change and follow the bilinear law 

specified. 

 
Fig 14: Load-deflection curve for the DCB specimen 

 

 

C. Progressive Damage Analysis Of The DCB With 

Multi Directional Composite Layups Using CZM 

The propagated crack and the failed cohesive 

elements are as shown in the Fig 14. The white 

colored elements in the interface show the failed 

cohesive elements. The Load vs. Displacement curve 

is plotted for the above specimen and it is compared 

with the experimental results. Loads are taken in 

Newton and the crack opening displacement (COD) 

is in mm. 
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Fig 15: Crack propagation of Multidirectional DCB 

specimen with shell elements 

The Load-deflection curve is plotted for the 

above shown multi directional specimen and it is 

compared with the experimental results as shown in 

the Fig 15. It can be seen that the results obtained 

from the Abaqus agrees well with that of the 

experimental results. The use of shell elements gives 

better simulation than using the plain strain 

elements. 

 

 
Fig 16: Load-deflection curve for multi directional 

DCB 

 

It shows good agreement with experimental 

results both in elastic region and the softening 

portion. It can be seen that the graph follows bi-

linear traction separation law with critical load 

occurring at 55.3 N and critical displacement at 2.30 

mm which agrees well with the experimental results. 

 

Table 3: Load-displacement values for multi 

directional DCB 

 
 

D. Parametric Study For Different Crack Lengths 

 
Fig 17 : load vs. displacement graph for different 

crack lengths 

 

Parametric study is performed by varying the 

crack lengths for the Double cantilever beam 

specimen using Virtual Crack Closure Technique 

method. In the above graph Y axis denotes load and X 

axis denotes the crack opening displacement. From 

the graph it can be noted that as the crack length is 

increased, the load required for the crack initiation 

decreases. From the graph it is evident that for the 

same crack opening displacement the load required 

for the crack initiation decreases. 

V. CONCLUSION 

Progressive damage simulation of different 

Double Cantilever Beam specimens is carried out 

using Virtual Crack Closure Technique and Cohesive 

Zone Modeling methods. Load and displacement 

curves are plotted using both the methods. The 

results agree well for both the methods and it is 

validated with the experimental results.  

Strain energy release rates is evaluated for the 

multidirectional double Cantilever Beam specimen 

for the given loading using Virtual Crack Closure 
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technique and it is validated with the results obtained 

from the literature review “A shell/3D modeling 

technique for the analysis of delaminated composite 

laminates”, the results agrees well with the reference 

paper results and from the results it can be concluded 

that the strain energy release rate is maximum at the 

centre of the specimen and the energy release rates 

progressively dropping towards the edges.  

A parametric study is also carried out by varying the 

crack lengths to study the behavior of crack 

propagation in a composite double cantilever Beam 

specimen to study the delamination. From the results 

it can be concluded that as the crack length increases 

the critical load i.e the load required for the crack 

initiation decreases and the crack propagates more 

early. 
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ABSTRACT 
 

Brand Equity is a very old & most important concept in marketing. In an overcrowded market, critical success 

factor for any company is building brand portfolio which gives a company competitive advantage against their 

competitors. Every organization is bound to focus on Brand equity which enhances customer satisfaction, 

higher profitability, and premium pricing & so on. However the determinants of brand equity have varied 

over time, brand equity is viewed from different perspective such as investor, employee, and customer. This 

paper seeks to identify brand equity dimension from customer perspective through reviewing various 

literature from 1980’s to till date and to study how brand determinants have changed over a period and which 
elements are more relevant today. 

Keywords : Brand Equity, Brand Determinants, Customer Based Brand Equity, Employee Based Brand Equity. 

 

I. INTRODUCTION 

 

Brand being intangible asset has lot of influence on the 

valuation of the firms, intangible asset are being valued at 

higher premium than the tangible assets because of 

numerous advantage firm can achieve such as lower 

transaction cost, premium pricing, steady demand, higher 

bargaining power, loyal customer, increased marketing 

communications, easy product extension, lesser time to 

market new brand & so on. So for any company prime 

focus is building a sustainable brand in the markets, but 

building strong brands is not so easy in a market which is 

very diverse as well as very dynamic. 

 

The Goal of my study is first to comprehend the evolution 

of brand equity over a period and second to analyze the 

changes happened in the brand equity construct over 

time also to know those brand constructs which are more 

relevant in today’s market environment. 
 

A brand is – A name, a term, a symbol, or any other 

unique element of a product that identifies one firm’s 

products and sets them apart from the competition 

(Solomon & Stuart, 2002). 

 

Brand equity is defined as, a set of brand assets and 

liabilities linked to a brand, its name and symbol, that add 

to or subtract from the value provided by a product or 

service to a firm and/or to that firm’s customers (Aaker, 
1991). 

 

Customer-based brand equity is defined as the differential 

effect that brand knowledge has on consumer response to 

the marketing of the brand. A brand has positive 

customer based brand equity when consumers react more 

favorably to a product and the way it is marketed when 

the brand is identified than when it is not on the other 

hand, a brand has negative customer based brand equity if 

consumers react less favorably to marketing activity for 

the brand compared with an unnamed or dishonestly 

named version of the product. Customer- based brand 

equity (CBBE) is used to show how a brand’s success can 
be directly attributed to customers’ attitudes towards that 
brand. 

  

1. Brand Salience (who are you) 

http://ijsrcseit.com/
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It looks at the brand from the customer point of view and 

about what buyers associate when they hear a specific 

brand name. In short, it quantifies both the depth and the 

breadth of customer awareness of a brand. 

2. Brand Meaning (what are you) Performance & imagery 

are two aspects of brand meaning. The imagery-related 

associations depict how well the brand meets social and 

psychological needs of the consumer. The function-

related association such as product or service performance 

is what the consumer looks for primarily. A brand with 

the right identity and meaning creates a sense of 

relevance in the consumer’s mind. 
3. Brand Responses 

The companies must cater for the consumer’s response. 
Keller segregates these responses into consumer’s 
judgments and consumer’s feelings. 
 

Consumer Judgments are consumer’s personal opinions 
regarding the brand and how he has put imagery-related 

and performance-related associations together. There are 

four types of judgments crucial for creating a strong brand 

– Quality, Credibility, Consideration, superiority. 

 

Consumer Feelings − are consumer’s emotional reactions 

to the brand. They can be mild, intense, positive, 

negative, driven from heart or head. There are six 

important feelings crucial in brand building – Warmth, 

Fun, Excitement, Security, Social approval & Self-respect. 

  

4. Brand Resonance 

It is the level of personal identification the consumer has 

with the brand. Brand resonance is the most difficult and 

highly desirable level to achieve. Keller categorizes this 

into four types Behavioral Loyalty − Consumers may 
purchase a brand repeatedly or in high volume. 

Attitudinal Attachment − some consumers may buy a 
brand because it is their favorite possession or out of some 

pleasure. 

Sense of Community − Being identified with a brand 
community develops kinship in the consumer’s mind 
towards representatives, employees, or other people 

associated with the brand. 

Active Engagement − Consumers invests time, money, 
energy, or other resources and participates actively in 

brand chat rooms, blogs, etc., beyond mere consumption 

of brand. Thus, the consumers strengthen the brand. 

 

II. Literature Review 

 

(keller, Kevin Lane, jan1993) Keller develops a conceptual 

model of brand equity from the perspective of the 

individual consumer. Studies how customer brand 

knowledge will have a differential effect on marketing of 

the brand which is defined as Customer- based brand 

equity. 

(Lassar, Mittal, & Sharma, 1995) Developed an instrument 

to measure customer-based brand equity based on four 

perceptual dimensions such as performance, social image, 

price/value, trustworthiness and 

identification/attachment. To begin with they asked 22 

consumers open-ended questions as to why most people 

prefer a brand name product over unbranded or generic 

products, following it they generated 83 measurement 

items which 

  

is screened by 3 marketing professors. These experts 

provided a content-based screening process by assigning 

individual items to the construct category they thought 

the item best indicated. Later administered the item pool 

to 75 consumers for a set of existing products (one 

product per respondent) with their brand names 

specified. They reduced the measurement items from 83 

to 17 in three iteration. Tested the scale in two categories. 

The first is television monitors and the second is watches. 

In general they found that prices reflected the equity 

associated with the brand. 

(D. A. Aaker, 1996)The article by Aaker,1996 provides a 

framework by using it we can measure the strength of a 

brand. It evaluate ten attribute which are grouped into 

five categories namely loyalty, perceived quality, 

associations, awareness, and market behaviour. This 

model helps the manager to measure the impact of each 

one on the brand equity. (J. L. Aaker, Aug1997) J. L. 

Aaker, construct a theoretical framework of the "Big Five" 

dimensions of brand personality (Sincerity, Excitement, 

Competence, Sophistication and Ruggedness). To measure 

the five brand personality dimensions, a reliable, valid 

and generalizable measurement scale is created. Finally 

theoretical and practical implications regarding the 

symbolic use of brands are discussed. 

(Boonghee Yoo, Naveen Donthu, & Sungho Lee, April 

2000) Explores the relationships between selected 

marketing mix elements and brand equity. They proposed 

a conceptual framework which states the relationship 

between marketing elements and brand equity 

dimensions. Used structural equation model support their 
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research hypotheses. Outcome of the study is frequent 

price 

  

promotions, such as price deals, are related to low brand 

equity, whereas high advertising spending, high price, 

good store image, and high distribution intensity are 

related to high brand equity. (Yoo & Donthu, 2001) A 

multistep study is developed to validate a 

multidimensional consumer-based brand equity scale 

(MBE) drawn from Aaker's and Keller's 

conceptualizations of brand equity. A total of 1530 

American, Korean American, and Korean participants 

evaluated 12 brands from three product categories 

(athletic shoes, film for cameras, and color television sets). 

Multistep psychometric tests demonstrate that the new 

brand equity scale is reliable, valid, parsimonious, and 

generalizable across several cultures and product 

categories. The authors discuss theoretical and practical 

implications of the study. 

(Ailawad, Lehmann, & Neslin, 0ct2003) The authors 

recommend that the revenue premium a brand generates 

is a simple, objective, and managerially useful product-

market measure of brand equity. A conceptual basis for 

measuring & computing brand equity for brands in 

several packaged goods categories is developed and tested 

its validity. Results reflect real changes in brand health 

over time. It correlates well with other equity measures, 

and the measure’s association with a brand’s advertising 
and promotion activity, price sensitivity, and perceived 

category risk is consistent with theory. 

(Netemeyer et al. 2004) Presents four studies that develop 

measures of ‘‘core/primary’’ facets of customer- based 

brand equity (CBBE). Drawing from various CBBE 

frameworks, the facets chosen are perceived quality (PQ), 

perceived value for the cost (PVC), uniqueness, and the 

willingness to pay a 

  

price premium for a brand. Using numerous advocated 

scale developmental procedures, the measures of these 

facets showed evidence of internal consistency and 

validity over 16 different brands in six product categories. 

Results also suggest that PQ, PVC, and brand uniqueness 

are potential direct antecedents of the willingness to pay a 

price premium for a brand, and that willingness to pay a 

price premium is a potential direct antecedent of brand 

purchase behavior. 

(Atilgan, Aksoy, & Akinci, 2005) this article examine the 

practicality and application of a customer-based brand 

equity model, based on Aaker’s brand equity framework. 
Authors used structural equation modelling to analyse the 

cause & effect relationships between brand equity 

dimensions & brand equity itself. Respondents for the 

study were Turkey university students. Outcome is brand 

loyalty is most dominant dimension & least dominant is 

brand awareness and perceived quality. (Chattopadhyay, 

Shivani, & Krishnan, 2008) Reviews the various 

approaches to define and Measure Brand Equity. Paper 

justifies the interest of establishing a formal system to 

measure CRM performance. Analyzed attributes of Brand 

equity measurement. Classified measures of brand equity 

into three categories one set of measures focus on 

outcome of Brand Equity at the product market level, the 

second category related to customer mindset and the 

third set is based on measurement of financial parameters. 

It analyse the merits and limitations of the different types 

of measures. 

(Afsar, Rehman, Qureshi, & Shahjehan, 2010) The study 

investigates the determinants of brand loyalty. Data 

analysis is done by collecting response 

  

from 316 respondents. The study infers that Perceived 

quality, satisfaction, trust, switching cost and 

commitment each individually as well as jointly influence 

the loyalty of the customers. 

(Anderson, spring2011) Anderson says that brand is a 

perpetual firm asset. Brand equity is defined as the 

financial value that a firm derives from customer response 

to the marketing of a brand. So brand perpetual value is 

developed as a financial measure of brand equity, where 

brand perpetual value is calculated as the value of 

perpetuity. 

(Saleem & Abideen, 2011) This paper interrogate the 

relationship between independent variables which is 

environmental response and emotional response with 

attitudinal and behavioural aspect of consumer buying 

behaviour, by tapping the responses of 200 respondents 

using telecommunication services from Rawalpindi, 

Islamabad, and Lahore (cities of Pakistan). The major 

findings of the study demonstrate an overall normal 

association between the variables but in-depth analysis 

found that emotional response of consumer purchase 

behavior is the variable that results into strong association 

with the consumer buying behavior. It is true that people 

purchase those brands with which they are emotionally 

attached. 
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(Chu, Lee, & Chao, 2012) Author proposed a model to 

examine the relationships between service quality, 

customer satisfaction in, customer trust of, & loyalty to 

Taiwanese e-banks. 442 respondents who had experience 

with E- Banking were included in the study & data 

analysed using partial least squares structural equation 

modelling. It is found that e-banks must focus on service 

quality to increase customer satisfaction & trust to obtain 

customer loyalty. 

  

(Abad, Ghadir, & Hossein, 2013) Aimed to conceptualize 

the customer based brand equity in the financial service 

sector with respect to its effect on perception of brand. 

Sample of 384 customers taken to test the relationship 

which is depicted in the proposed model of the study. 

Outcome of the study is perceived quality, brand loyalty, 

brand awareness and brand association are influential 

criteria of brand equity that enhances perception of brand 

in financial service sector. Brand association have most 

influence than other elements on brand equity. (Loureiro, 

2013) Examines the interrelationships of trust, brand 

awareness/associations, perceived quality and brand 

loyalty in building Internet banking brand equity. The 

respondents were online banking user and data analysed 

using partial least squares (PLS) which employs a 

component-based approach for purposes of estimation 

and can readily handle formative factors. The results 

suggest that perceived quality and brand loyalty are more 

important to explain the Internet banking brand equity 

than brand awareness/associations and trust. Trust 

contributes only indirectly, through perceived quality 

and brand awareness/association to Internet banking 

brand equity. Online perceived benefits impact positively 

on customers trust and online perceived risks tend to be 

lower when trust increase. (Moghaddam, 2014) Study 

Pays attention to the role of quality of services in 

promotion of brand equity and ultimately customer’s 
preference to the company's brand. 397 individuals were 

selected from the customers of the 5 elite banks of 

Tehran. For data analysis, the structural equation 

modelling (SEM), and confirmatory factor analysis (CFA) 

  

and the software packages of SPSS and LISREL were used. 

The results indicate that the factors of services quality and 

perceived value have significant impact on brand equity 

and brand equity has a significant impact on brand 

preference and purchase intention and finally, brand 

preference has a significant impact on customers' 

purchase intention. 

(Sirisha, 2014) The study analyse the literatures related to 

brand equity & understand the different dimensions of 

the customer-based brand equity has referred by different 

researchers over a period. Develop a conceptual 

framework for measuring customer based brand equity. 

(Dib & Alhaddad, 2014) Author analyzed hierarchical 

relationship between the brand equity dimensions such as 

brand awareness, brand trust, perceived quality and brand 

loyalty from the student perspective. 369 students from 

the higher institute of business administration (HIBA) 

were analysed using structural equations. The outcome is 

perceived quality does not have a significant influence on 

both brand trust and brand equity and on other hand, the 

rest of relationship between brand equity dimensions and 

brand equity is confirmed. 

(Far, Rezaei, & Sadat, August 2015) Aimed at 

investigating affective factors (service experience, brand 

affinity and customer satisfaction) on building brand 

equity in banking industry of Iran. Research conducted 

taking 220 samples & using structural Equation 

Modelling. Service experience, brand affinity as the 

independent variables, and customer satisfaction as 

mediator variable, had an effect on building brand equity. 

(D. S. Arora & Naagar, April 2016) Study is about those 

factors which determine the strong customer based 

  

brand equity in the banking industry. A structured 

questionnaire is used to collect data from 120 respondents 

from selected Public Sector banks and Private Sector 

banks. The results produced six factors i.e. Brand 

investments, Brand performance, Brand salience, Brand 

verdict, Brand feelings and Brand unfamiliarity accounted 

for 73 percent variance. The findings revealed that out of 

the six factors extracted from the study, Brand verdict 

emerged as the most significant factor that leads to the 

determination of customer based brand equity. 

(Rahi, Ghani, & Alnaser, 2017) Objective of the research 

is to measure the E-customer service which is the core 

dimension of e-service quality with internet banking 

adoption and Brand loyalty of Banks. In addition to this 

Customer perceived value has also been explored within 

internet banking context. A self-administered survey is 

conducted to approach 500 internet banking users in 

major cities of Pakistan. The data is analyzed through 

correlation and structural equation model (SEM) by using 

AMOS. Findings reveal that e- customer service and 
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perceived value significantly influence on internet 

banking adoption and brand loyalty of Banks. 

(Chekalina, Fuchs, & Lexhagen, 2018) author applied 

CBBE concept to tourism destination. Study considered 

five dependent constructs and destination resources, 

value in use & value for money. 

(Algharabat, Rana, Alalwan, Baabdullah, & Gupta, 2019) 

authors analysed attributes of CBE such as consumer 

involvement, consumer participation and self-expressive 

brand and its association between the determinants of 

CBBE namely brand 

  

loyalty, brand awareness, perceived quality. (Iglesias, 

Markovic, & Rialp, 2019) study investigate how employee 

empathy effect sensory brand experience on brand equity 

through customer satisfaction and customer affective 

commitment. 

 

Research overview on Brand Equity & its determinants 
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VI Conclusion 
 

Branding is most stimulating topics among both 

academicians & industry, since its introduction till today 

lot of research is done on this marketing concept. Even in 

a in the market and what has to be done to command 

high equity in the market. Conceptual study provides 

better insights about brand equity models & helps to 

identify various brand equity determinants & their 

relationship. Also it provides necessary framework to 

construct our own model & test their hypothesis in our 

market. It is also noticed that conceptualization of brand 

equity model developed by both Aaker & Keller holds 

good even today irrespective of the product /service & 

markets with little variation in the attributes of brand 

equity element. 
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ABSTRACT 

 

In this study the role of performance and emission characteristic of single cylinder four stroke compression 

ignition engine have been investigated with different biodiesel blends at various ratios of jatropha oil and 

diesel.This experiment were conducted at injection timing 23˚BTDC and the injection pressures are 210 bar 

respectively with blends D90J10, D80J20, D70J30. In this investigation the various performances such as 

brake thermal efficiency, specific fuel consumption and exhaust gas emissions of CO, HC, NOX and smoke are 

analyzed and compared with neat ULSD and jatropha. The investigation were carried out using an 

experimental set-up consisting of a single-cylinder diesel engine coupled with AVL gas analyzer and the 

exhaust gas details were observed by smoke meter and the performance, combustion and emission 

characteristics were analyzed for the test blends. Experimental results indicated that, HC, CO, smoke 

emissions are reduced and NOX emissions are higher when compared to neat ULSD. BSFC is increased and 

Brake Thermal Efficiency (BTE) is lesser than ULSD and D80J20 has the best efficiency among the test 

blends. Comparing emission results, D70J30 has the lowest CO and HC emissions and D90J10 has lower NOX 

emissions which is still higher than the ULSD and also has the lowest smoke opacity. 

Keywords : Diesel engine, Bio-Diesel, Jatropha oil, Performance and Emission  
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I. INTRODUCTION 

 

Diesel engine plays a vital role in power generation, 

transportation and industrial activities. The main 

advantages of the diesel engine over the gasoline 

spark ignition engine include its durability, reduced 

fuel consumption and lower emission of carbon 

monoxide and unburned hydrocarbon. Due to higher 

efficiency diesel engines are of high interest in light 

duty vehicles. India stands 4th in the world of oil 

consuming countries with an oil utilization of 

3,182,000 barrels per day from its 70% used as the 

form of diesel and its pollution problem appeared 

many years ago. Diesel engines cause higher emission 

of particulate matter (PM), carbon monoxide (CO), 

Hydrocarbon (HC) and nitric oxides (NOX) causing 

various global hazards such as climatic Change, 

ozone layer depletion, green house effect, global 

warming, and smog acid rain water bodies and 

reduce in air quality. Due to the increased hazardous 

effects of emission from engine to reduce these 

effects many researchers have contributed their 

work by different ways like engine modification, fuel 

alteration, exhaust gas treatment etc.,[2]  

In this way we operate engines with biodiesels 

alternative fuel at different injection timing and 

injection pressure without modification of previous 

engines. It is commonly accepted that there is some 

advancement of injection time when biodiesel is 

used in place of diesel because of its bulk density. 

The higher bulk density and viscosity transfers the 

pressure wave through fuel pipe lines faster and an 

earlier needle lift will lead to advanced injection. 

Due to the difference in cetane number, it is often 

suggested that injection timing be retarded to attain 

more complete combustion of vegetable oil based 

fuels and also Fuel injection pressure in diesel engine 

plays an important role in engine performance. 

Higher injection pressure decreases fuel particle 

diameter which aids in better formation of mixing of 

fuel to air during ignition period, as a result of which 

engine performance will increase. High-pressure 

injection in combination with small orifice can 

achieve lean combustion which allows better fuel 

atomization, evaporation and improved emissions. 

High injection pressure also reduces soot emissions.[4]  

A. C.I Engine  

In compression ignition engines air is compressed in 

to the engine cylinder. Due to this the temperature 

of the compressed air rises to 700-900ºC. At this stage 

diesel is sprayed in to the cylinder in fine particles. 

Due to a very high temperature, the fuel gets ignited. 

This type of combustion is called constant pressure 

combustion because the pressure inside the cylinder 

is almost constant when combustion is taking place.  

B. Fuel injection pressure  

The performance and emission characteristics of 

diesel engines depends on various factors like fuel 

quantity injected, fuel injection timing, fuel injection 

pressure, shape of combustion chamber, position and 

size of injection nozzle hole, fuel spray pattern, air 

swirl etc. The fuel injection system in a direct 

injection diesel engine is to achieve a high degree of 

atomization for better penetration of fuel in order to 

utilize the full air charge and to promote the 

evaporation in a very short time and to achieve 

higher combustion efficiency. The fuel injection 

pressure in a standard diesel engine is in the range of 
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2000 to 1700 rpm depending on the engine size and 

type of combustion system employed. The fuel 

penetration distance become longer and the mixture 

formation of the fuel and air was improved when the 

combustion duration became shorter as the injection 

pressure became higher. When fuel injection 

pressure is low, fuel particle diameters will enlarge 

and ignition delay period during the combustion will 

increase. This situation leads to inefficient 

combustion in the engine and causes the increase in 

NOx, CO emissions.  

C. Need of alternative fuel and types  

The main reason for alternative fuel is that the 

consumption and demand of petroleum products are 

increasing every year due to urbanization, increase 

in vehicular density and power requirement is going 

up and to reduce emission produced by today’s diesel 

engine, which in turns require a clean burning fuel 

that perform well under the variety of operating 

conditions. Alternative fuels are derived from 

resources other than petroleum and blended with 

petroleum products. Some are produced domestically, 

reducing our dependence on imported oil, and some 

are derived from renewable sources. Often, they 

produce less pollution than gasoline or diesel. Some 

of the alternative fuels are Ethanol, Biodiesel gas, 

Hydrogen and Electricity etc., Due to the increase 

the use of fossil fuels and the demand of its fuel 

resources the cost also increased because of this 

reasons its need to find out the another fuel source 

with low cost, less emission and with better 

performance its named alternative fuel.  

D. Biodiesel  

Biodiesel is a fuel equivalent of petro diesel with the 

exception of its derivation from biological sources. 

Both non-toxic and renewable, biodiesel essentially 

comes from plants and animals. A fuel comprised of 

mono-alkyl esters of long chain fatty acids derived 

from vegetable oils or animal. The major source of 

biodiesel is soybean oil, but other oils include 

rapeseed, canola, palm, cottonseed, sunflower, and 

peanut. All of which can be replenished through 

farming and recycling. Biodiesel can even be made 

from recycled cooking grease although biodiesel can 

be used in its pure form, it is usually blended with 

standard diesel fuel. Blends are indicated by the 

abbreviation Bxx, where xx is the percentage of 

biodiesel in the mixture. Much attention has been 

focused on the thought of it one day replacing fossil 

fuels as the world’s primary transport energy source. 

Biodiesel is safe and can be used in diesel engines 

with few or no modifications needed.  

E. Raw materials for biodiesel production  

The second choice is making biodiesel using straight 

vegetable oil, or SVO. To do this, one would have to 

take a single-tank SVO system, replace the injectors 

and glow plugs, and add fuel heating. A two tank 

SVO system can also be used, which allows the oil to 

pre-heat and become thinner. With this system, the 

vehicle starts and stops using regular diesel and then 

switches to the SVO when it is hot enough. The 

third choice is to convert used cooking grease. Used 

cooking grease can be acquired through a local 

restaurant for free and put into a processing system. 

The grease is put into a cleansing unit, which heats 

the grease and separates the waste from the oil. Once 
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the grease is cleaned, certain chemicals must be 

added in order to finalize the biodiesel process.  

F. Jatropha  

Jatropha is a shrub that adapts well to arid 

environments. Jatropha curcas is the most known 

variety; it requires little water or additional care, 

therefore, it is adequate for warm regions with little 

fertility. Productivity may be reduced by irregular 

rainfall or strong winds during the flowering season. 

Yield depends on climate, soil, rainfall and treatment 

during sowing and harvesting. Jatropha plants 

become productive after 3 or 4 years, and their 

lifespan is about 50 years. Oil yield depends on the 

method of extraction, it is 28–32% using presses and 

upto 52% by solvent extraction. Since the seeds are 

toxic, jatropha oil is nonedible. The toxicity is due to 

the presence of curcasin a globulin and jatrophic acid 

as toxic as ricin.  

G. Separation of the reaction products  

The separation of reaction products takes place by 

decantation. The mixture of fatty acids methyl esters 

(FAME) separates from glycerin forming two phases, 

since they have different densities; the two phases 

begin to form immediately after the stirring of the 

mixture is stopped. Due to their different chemical 

affinities, most of the catalyst and excess alcohol will 

concentrate in the lower phase (glycerin), while 

most of the mono, di, and triglycerides will 

concentrate in the upper phase (FAME). Once the 

inter phase is clearly and completely defined, the 

two phases may be physically separated. It must be 

noted that if decantation takes place due to the 

action of gravity alone, it will take several hours to 

complete. This constitutes a bottleneck in the 

production process, and in consequence the exit 

stream from the transesterification reactor is split 

into several containers. Centrifugation is a faster, 

albeit more expensive alternative. After the 

separation of glycerin, the FAME mixture contains 

impurities such as remnants of alcohol, catalyst and 

mono, di, and triglycerides. These impurities confer 

undesirable characteristics to FAME, for instance, 

increased cloud point and pour point, lower flash 

point, etc. In consequence a purification process is 

necessary for the final product to comply with 

standards. This will be discussed in the next section.  

H. Purification of the reaction products  

The mixture of fatty acids methyl esters (FAME) 

obtained from the transesterification reaction must 

be purified in order to comply with established 

quality standards for biodiesel. Therefore, FAME 

must be washed, neutralized and dried. Successive 

washing steps with water remove the remains of 

methanol, catalyst and glycerin, since these 

contaminants are water-soluble. Care must be taken 

to avoid the formation of emulsions during the 

washing steps, since they would reduce the 

efficiency of the process. The first washing step is 

carried out with acidified water, to neutralize the 

mixture of esters. Then, two additional washing steps 

are made with water only. Finally the traces of water 

must be eliminated by a drying step. After drying, 

the purified product is ready for characterization as 

biodiesel according to international standards. An 

alternative to the purification process described 

above is the use of ion exchange resins or silicates. 

Glycerin as obtained from the chemical reaction is 

not of high quality and has no commercial value. 
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Therefore, it must be purified after the phase 

separation. This is not economically viable in small 

scale production, due to the small glycerin yield. 

However, purification is a very interesting 

alternative for large scale production plants, since, in 

addition to the high quality glycerin, part of the 

methanol is recovered for reutilization in the 

transesterification reaction both from FAME and 

glycerin, and thus lowering biodiesel production 

costs. The steady increase of biodiesel production is 

fostering research for novel uses of glycerin in the 

production of high-value- added products. It must be 

noted that the stages of the biodiesel production 

process are the same for the entire production scales 

laboratory, pilot plant, small, medium, and large 

scale industrial. However, the necessary equipment 

will be significantly different.[8]  

Saurabh Singh Experimented on Use of Biodiesel in 

CI Engines at the experiment he says Vegetable oils 

are a suitable alternative to diesel in compression 

ignition (CI) engines. The use of vegetable oils in a C 

I engine results in low CO, HC and smoke opacity 

emissions compared to a conventional diesel fuel. 

Biodiesel, a clean renewable fuel, has recently been 

considered as the best substitute for a diesel fuel 

because it can be used in any CI engine without the 

need for modification. Chemically, biodiesel is a 

mixture of methyl esters with long chain fatty acids 

and is typically made from non-toxic, biodiesel 

resources such as vegetable oils (Jatropha, Karanja, 

Thumba etc.), animal fats or even waste cooking oils 

(WCO). Biodiesel processing is required to refine the 

vegetable oil feedstock and convert it into biodiesel, 

so as to meet the desired C I engines fuels 

specifications. This paper describes the basic 

processing required for the vegetable oil feedstock to 

make it usable in C I engines.[1]  

Hemanandh.J analyzed the experiment on Diesel 

Engine Blended with Refined Vegetable Oil, In the 

scenario of fossil fuels and in ever depleting, there is 

always a scope for alternative fuels and this paper 

aims to study blends of diesel with Refined corn oil 

(BRC) on a stationery engine. The experiment is 

done on krisloskar direct injection 4 stroke diesel 

engine, single cylinder, air cooled 4.4 kW constant 

speed at 1500 rpm with an compression ratio 17.5:1. 

Methyl esters of BRC were transesterified with 

sodium meth oxide before blending with diesel. For 

different blends at diesel (10%, 30%, 40%) in volume 

at specific injection pressures ( 180bar, 210 bar and 

240bar) against different loads (0%, 25%, 50%, 75%, 

and 100%) have been tried in the experiment to 

study NOx, CO, HC, Smoke emissions with exhaust 

temperature. A 3- hole nozzle has been used and the 

emission are analyzed with AVL gas analyzer.Even 

though marginal increase in NOx with exhaust 

temperature at higher temperature are noticed the 

decrease in engine temperature by 3 deg in addition 

to HC and CO an significant. He conclude the higher 

pressure plays a crucial reduction of emissions as in 

240 bar with 40% diesel. The NOx emission is 

generally less for lower percentage of blends with 

lower pressures and at higher pressure the emission 

of NOx increases. Biodiesel smoke opacity is 

marginally high when compared with diesel. Engine 

temperature increases during the lower loads and it 

decreases against higher loads.[3]  
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Sungyong Park investigated on Emission 

characteristics of exhaust gases and nanoparticles 

from a diesel engine with biodiesel-diesel blended 

fuel (BD20) in that journal he explained obout the 

study sought to investigate the characteristics of the 

exhaust emissions, and nanoparticle size distribution 

of particulate matter (PM) emitted from diesel 

engines fueled with 20% biodiesel-diesel blended 

fuel (BD20). The study also investigated the 

conversion efficiency of the warm-up catalytic 

converter (WCC). The emission characteristics of HC, 

CO, NOx and nano-sized PM were also observed 

according to engine operating conditions with and 

without exhaust gas recirculation (EGR). The study 

revealed that the maximum torque achievable with 

the biodiesel diesel blended fuel was slightly lower 

than that achievable with neat diesel fuel at high-

load conditions. Smoke was decreased by more than 

20% in all 13 modes. While the CO and THC 

emissions of BD20 slightly decreased, the NO 

emission of BD20 increased by 3.7%. Measured using 

the scanning mobility particle sizer (SMPS), the total 

number and total mass of the nanoparticles in the 

size range between 10.6nm and 385nm were reduced 

by about 10% and 25%, respectively, when going 

from D100 to BD20. The particle number and mass 

for both fuels were reduced by about 43% when 

going from with EGR to without EGR. When EGR 

was applied in the engine system, the particle 

number and mass were reduced by 24%, and 16%, 

respectively, when going from D100 to BD20.[5]  

S.Jindal epeimented on Effect of injection timing on 

combustion and performance of a direct injection 

diesel engine running on Jatropha methyl ester. He 

said the fuel properties of biodiesel are comparable 

with that of diesel and lower blends with diesel are 

found suitable even for long term uses. Higher 

blends are still away from acceptance due to poor 

performance, mainly due to the reason that, the 

present age engines are the result of extensive 

research keeping petro diesel only as fuel in mind. 

Biodiesel being a fuel of different origin and quality, 

the engine design needs revision and different 

settings for optimum performance. As the 

combustion advances with biodiesel due to early 

entry, retarding the injection timing by 3˚ is found 

to increase the thermal efficiency by 8% and reduce 

the specific fuel consumption by 9% when Jatropha 

methyl ester is used as fuel. Highest exhaust 

temperature and indicated power are obtained on 

3˚retarded injection. By retarding the injection, the 

fuel delivery is also reduced resulting in slightly 

lower pressure rise with peak shifting towards 

outward stroke reducing the negative work.[12]  

 

II.  METHODS AND MATERIAL 

 

A Productivity of Jatropha depends on precipitation 

rates, soil moisture availability, soil characteristics. 

Annual yield levels at 2-3 tons dry seeds have been 

proposed as achievable in semi-arid areas and on 

wastelands, while 5 tons ha-1 can be obtained with 

good management on good soils receiving 900-1200 

mm average annual rainfall. Jatropha has not yet 

undergone breeding programs with selection and 

improvement. The productivity varies greatly from 

plant to plant and environmental factors are reported 

to  
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have a dominating role over genetics in determining 

seed size, weight and oil content.[6]  

 

 

A. Properties of jatropha oil  

The switch from petroleum-based diesel compared to 

biodiesel has its advantages and disadvantages. There 

are changes in energy efficiency based on 

composition, changes in environmental impacts, and 

differences in cost between the two types of diesel.  

TABLE I. 

COMPARISON OF PROPERTIES DIESEL AND 

JATROPHA OIL [6] 

 

 

B. Characteristics of jatropha oil  

Non-edible oil generally contains about 3-4 %wax 

and gum. De-waxing and degumming of plant oils is 

required not only for smooth running of the CI 

engine but also to prevent engine failure even if 

plant oils are blended with diesel. It is therefore 

necessary to remove wax and gum from the fresh oil 

before it could be used in CI engine. Analysis of 

Jatropha seeds revealed that the percentage of crude 

protein, crude fat and moisture were 24.60, 47.25 

and 5.54% respectively (Akintayo, 2004). Crude-

Jatropha oil, a non-edible vegetable oil shows a 

greater potential for replacing conventional diesel 

fuel quite effectively, as its properties are compatible 

to that of diesel fuel. It is however found from 

researches that the neat jatropha oil can be used to 

run the engines in mini-vans for rural transportation, 

haulage trucks, farm tractors and other agricultural 

machinery, but may require little modification. 

Density, cloud point and pour point of Jatropha oil 

are found to be higher than diesel. Higher cloud and 

pour point reflect unsuitability of Jatropha oil as 

diesel fuel in cold climatic conditions but the flash 

and fire points of Jatropha oil is very high compared 

to mineral diesel. Hence, Jatropha oil is extremely 

safe to handle . Higher carbon residue from Jatropha 

oil may possibly lead to higher carbon deposits in 

combustion chamber of the CI engine. Low sulphur 

content in Jatropha oil results in lower SOx 

emissions.  

Presence of oxygen in fuel improves combustion 

properties and emissions but reduces the calorific 

value of the fuel. Jatropha oil has approximately 90% 

calorific value compared to diesel. Nitrogen content 

of the fuel also affects the NOX emissions. Higher 

viscosity is a major problem in using vegetable oil as 

fuel for diesel engines. Viscosity of Jatropha biodiesel 

is 4.84cSt at 40°C. It is observed that viscosity of 

Jatropha oil decreases remarkably with increasing 

temperature and it becomes close to diesel at 

temperature above 90°C.[7]  

C. Advantages of the jatropha plant  

• Low cost seeds.  

• High oil content.  

• Small development period.  
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• Grow on good and despoiled soil.  

• Grow in low and high rainfall areas.  

• Does not require any special maintenance.  

• Can be harvested in non-rainy season.  

• Size of the plant makes the collection of seeds 

convenient.  

• Multi products are developed using a single 

jatropha plant. The products include bio-diesel, 

soap, mosquito repellent, and organic fertilizer.[9  

D. Economics benefits  

• Increase employment activity and increase 

Employment on the countryside  

• Emits up to 100% less sulfur dioxide  

• Reduces smoke particulates at about 75%  

E. Schematic diagram  

The experiment aims at determining appropriate 

proportions of biodiesel & diesel for which higher 

efficiency is obtainable. Hence, experiments are 

carried out at constant speed, comparing the 

performance of compression ignition engine 

operated on blends of diesel. The blend is checked 

under loads 0%, 25%, 50%, 75% and 100% with 

injection timing 23˚ by different injection pressure 

210 bar.  

 

Figure  1. Schematic Diagram 

The samples are prepared by using the 600 ml 

measuring jar. Figure shows the schematic diagram 

of the complete experimental setup for determining 

the effects of jatropha oil as bio diesel on the 

performance and emission characteristics of 

compression ignition engine. 

F. Test engine and facilities  

Tests were conducted in a 1-cylinder, constant-speed, 

4-stroke, DI diesel engine. The existing population of 

this diesel engine driven pump-sets in India is about 

14.42 million and more than a million and a half 

were added to this every year with a projected 

growth of 7%. This sector alone consumed 8.55% of 

India’s total diesel consumption (69 MMT) in the 

year 2012–13 and this directly exposes a large 

population of farmers in India to its toxic diesel 

exhaust. Hence this engine is chosen for this 

study.The exhaust gas was passed through a cold trap 

and a filter element to separate moisture before 

entering the gas analyzer. HC emissions were 

measured in parts per million (ppm) of hexane (C6) 

equivalents while CO emissions were measured in 

terms of volume percentage. The effect of ambient 

temperature and humidity on NOx emissions should 

be accounted in order to compare engines across 

different locations at different atmospheric 

conditions. 

 

TABLE II. 

ENGINE SPECIFICATIONS 

 

Make and model  Kirloskar, TV1 make  

Number of cylinders  1  
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Combustion chamber  Hemispherical open 

type  

Piston  Shallow Bowl-in type  

Bore, mm  87.5  

Stroke, mm  110  

Connecting rod length, 

mm  

234  

Swept volume, cm3  661.45  

Clearance volume, cm3  36.87  

Compression ratio  17.5:1  

Rated power, kW  5.2  

Rated speed, rpm  1500  

Injection type  Direct Injection  

Number of Nozzle holes  3  

Spray-hole diameter, mm  0.25  

Injection pressure, bar  210  

Injection timing, CA 

bTDC  

23  

Injection duration, CA  20–30  

Cone angle,  110  

Needle lift, mm  0.25  

 

 

 

G. Experimental procedure  

Initially the engine was run on no load condition and 

its speed was adjusted to 1500 ±10 rpm. The engine 

was then tested at no load and at 25, 50, 75 and 100 

percent loads. For each load condition, the engine 

was run for at least three minutes after which data 

were collected. First the pure diesel was tested at the 

above loading conditions and the data are collected 

use of the data’s the performance are calculated and 

the emissions are noted by gas analyzer. Then the 

blended biodiesel poured into the fuel reservoir and 

the biodiesel allowed into the engine after the engine 

was running for five three minutes with biodiesel as 

fuel at normal condition. After that the first set of 

data are noted at standard injection timing of diesel 

engine 23º BTDC at 210 bar injection pressure at the 

same condition the gas analyzer give exhaust 

emission data. With the help of collected 

information at different conditions and for other test 

blends the engine performance and emission 

characteristics are analyzed. The result and 

comparison is shown below at the form of graph. 

 

III. RESULTS AND DISCUSSION 

 

A The performance, combustion and emission 

characteristics of the engine fueled with Jatropha 

biodiesel blends were discussed with reference to 

baseline engine fueled with fossil diesel (ULSD) and 

operating under naturally aspirated conditions.  

A. Performance analysis  

Fig.2 illustrates the variation of BSFC and BTE with 

all engine loads for jatropha blends with ULSD as 

reference. Initially the BSFC decreases on increasing 

the load and BSFC is almost constant at peak 

conditions. At peak load J100 has highest BSFC 

compared to other test blends.At peak load 

conditions, all the test blends have more BSFC than 

ULSD. Since the density of the blends increases more 

energy is required for atomization and combustion, 

hence more fuel is consumed which influences the 

engine performance. BTE increases with increase in 

the load and diesel has the maximum BTE at peak 
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load condition and among the test blends D80J20 has 

higher BTE which is 1.1% less than the diesel.  

 

 

Figure 2. Performance analysis chart 

 

B. Combustion analysis  

Fig.3 represents the combustion data analysis with 

the variation of HRR and pressure in comparison 

with ULSD at rated power output of the engine. 

Since jatropha has low cetane number, it prolongs 

the ignition delay. The ignition delay causes more 

fuel to be burnt in the premixed combustion phase 

which increases the rate of pressure rise leading to 

faster burning rate and heat release rate(HRR). 

D90J10 has the highest HRR and D80J20 has the 

lowest among test blends. The heat release rate 

increases to a peak value and gradually decreases on 

increasing the crank angle. 

 

Figure 3. Combustion data analysis 

 

From the analysis, J100 has the highest peak pressure 

and D70J30 has the lowest peak pressure. Longer 

combustion time increases the pressure hence J100 

has maximum pressure.  

C. Emission analysis 

Figure 4 . NOx emissions and smoke opacity 

 

The variation of NOx emission for jatropha blend 

with various engine loads are shown in Fig.4. NOx 

emissions increase with increase in the load 

conditions and at peak load, diesel has the lowest 

NOx and among the test blends J100 has the lowest 

NOx emission and D80J20 has the highest emission. 

This is due to the high nitrogen content in jatropha 

plant. At initial and medium loads, diesel has higher 

NOx emission than the other test blends. Smoke 

opacity levels increase with increase in the load 

characteristics. At initial and medium loads J100 has 

maximum smoke opacity. At peak load diesel has the 

maximum smoke opacity and D90J10 has the lowest 

smoke opacity at all load conditions. This is because 

jatropha has high carbon content and lower the 

jatropha ratio, lower the smoke opacity levels.  
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Figure 5. HC and CO emissions  

 

The variation of CO emission under various loads 

conditions for jatropha blends are shown in Fig.5. 

The CO emission is low for test blends at initial loads 

and very low at medium loads. At peak load 

condition diesel ULSD has more CO emission and 

among the test blends D70J30 has the lowest CO 

emission which is 4 times less than the ULSD 

emission.Analyzing the HC emissions, HC emissions 

increase with increase in the load and at peak load 

ULSD has high emission. Comparing among the test 

blends J100 has the highest HC and D70J30 has the 

lowest. At initial and medium loads D80J20 has the 

minimum HC emission.  

 

IV. CONCLUSION 

 

In this project, load performance and emission tests 

were conducted and data were collected and 

compared. Engine function had been monitored and 

the combustion, performance and emission 

characteristics were analyzed and the following 

conclusions were made  

 At all load conditions, D80J20 has low BSFC and 

J100 has the highest BSFC when compared to 

other blends.  

 At all load conditions, D80J20 has higher 

efficiency among the test blends which is 1% less 

than the efficiency of ULSD.  

 At peak load conditions, ULSD emits more CO 

and among the test blends D70J30 has the lowest 

emission which is nearly 4 times less than the 

ULSD.  

 At peak load condition, D70J30 has lowest HC 

and ULSD has the highest HC emission.  

 At peak load condition, D70J30 shows the 

highest NOx emission and ULSD has the lowest 

emission.  

 At peak load condition, ULSD has highest smoke 

opacity and D90J10 has the lowest smoke opacity  
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ABSTRACT 
 

The main objective of this paper is to provide an optimum preliminary basic design for the central part of the 

fuselage structure using the topology optimization method and to check whether the design is safe or not. 

Several loading cases like the aerodynamic loads, structural loads etc were considered for the analysis. The 

central part of the fuselage was modeled using CATIA and it was analyzed using ANSYS software for different 

parameters like material properties, loads acting on the fuselage etc.. and even the topological parameters 

were applied. After the 1st analysis or the 1st iteration the model was imported back to CATIA and the 

regions of low stresses were removed and again analyzed and after subsequent analysis or iterations a fuselage 

structure with optimum material, lower stress acting regions, optimized structural volume and few other 

desirable objectives are obtained. Later the analysis is done to get an optimized shape and size of the fuselage.  

Keywords : Topology Optimization, Optimized Material, Subsequent Analysis. 

 

I. INTRODUCTION 

Topology optimization is a mathematical method 

that optimizes material layout within a given design 

space, for a given set of loads, boundary conditions 

and constraints with the goal of maximizing the 

performance of the system. TO is different from 

shape optimization in the sense that  the design can 

attain any shape within the design space, instead of 

dealing with predefined configurations. 

It involves the optimal distribution of material 

within the structure. It is used to find a preliminary 

structural configuration that meets predefined 

criteria. This type of optimization sometimes gives a 

design that can be completely new and innovative. 

Typically, the design process starts with a block of  

material called the design domain. The design 

domain is comprised of large number of candidate 

elements, and topology optimization process 

selectively removes the unnecessary elements from 

the domain. 

Topology optimization is used by engineers at the 

concept level of the design process to arrive at a 

design proposal that is then fine tuned for 

performance and manufacturability. This replaces 

time consuming and costly design iterations while 

improving design performance. In some cases, 

results from a topology optimization, although 

optimized, may be expensive or infeasible to 

manufacture. These challenges can be overcome 

through the use of manufacturing constraints in the 

problem formulation. Using manufacturing 

constraints, the method yields engineering designs 

that would satisfy practical manufacturing 

requirements. In some cases results from topology 

optimization can be directly manufactured using 

additive manufacturing. 

  

http://ijsrcseit.com/
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Fig. 1 Applications of Topology Optimization 

 

II. PROBLEM DEFINITION OF THE PROJECT 

1. Less resistance of the fuselage structure to 

withstand the loads acting on it. 

2. Low stiffness of the fuselage which deforms 

quickly. 

3. High volume of the fuselage structure which 

results in the use of extra material. 

4. Increase in overall cost of the material of the 

fuselage. 

 

III. OBJECTIVE OF THE PROJECT 

1. To optimize the fuselage shape for weight 

reduction, minimizing the use of the material for the 

fuselage. 

2. To get a structure of the fuselage that satisfies 

all the design constraints with minimum material. 

3. To get a highly efficient product. 

4. To get a higher quality product with overall 

lower development cost. 

5. To get a fuselage structure capable of 

withstanding any higher loads. 

6. To minimize the volume of the structure. 

7. To get a fuselage structure of minimum weight 

and higher stiffness. 

 

 

IV. METHODOLOGY 

Software used: CATIA software is used to model the 

fuselage and later ANSYS software is used for the 

analysis and optimization of the fuselage structure. 

Parameters needed for the analysis:  

1. Material of the fuselage: The material selected 

here for the analysis is aluminum alloy 7075 and the 

relevant material properties of AL 7075 can be used 

and the properties of the material are mentioned in 

the next chapter. 

Material considered and the material properties: The 

material that was considered here was aluminum 

alloy 7075 and it was selected based on certain 

factors and was selected in ASME codes.  

Factors considered for selecting the type of material:  

• Young’s modulus: A material with higher 
young’s modulus was required because of its higher 

stiffness. 

• Rigidity modulus: A material with higher 

rigidity modulus is required because of its resistance 

to shear loads. 

• Density: A material with less density is always 

needed in aircraft applications because of its lower 

weight.  

• Hardness: A material with higher hardness is 

required because of its resistance to surface 

indentation and cracks. 

• Thermal resistance: A material with higher 

thermal resistance is required because at higher 

altitudes the temperature rises and the material may 

expand and that leads to failure, so if a material of 

higher thermal resistance is used the failure or the 

deformation of the material can be avoided. 

So considering all these factors, according to ASME 

codes the aluminum alloy 7075 was selected which 

has got all the optimum material properties. 

Material properties of aluminum alloy 7075: 

• Density: 0.1015 lb/in³ or  2.81g/cc 

• Ultimate tensile strength: 572 Mpa 

• Tensile yield strength: 503 Mpa 

• Modulus of elasticity: 71.3 Gpa 

• Poisons ratio: 0.33 

• Fatigue strength: 159 Mpa 

• Shear modulus 26.9 Gpa 

• Shear strength: 331 Mpa 
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2. Loads acting on the fuselage: The different 

loads that were considered were aerodynamic 

pressure loads, load due to self weight of the aircraft, 

shear load, bending moment load, loads due to the 

torque. 

 

Loads considered and values of the different loads: 

the different loads that were considered to act on 

the fuselage are loads due to self weight, 

aerodynamic pressure loads acting as outside 

pressure loads and inner pressure loads, loads due to 

torque, loads due to bending moment and loads due 

to shear. The values and the calculation of the loads 

are mentioned below. 

 

• Loads due to self weight: The self weight of 

the fuselage was considered as approximately 5 ton 

or 5000 kg and when converted to kilo Newton the 

value of the self weight was about 49.05 KN and it is 

considered to act on the lower part of the fuselage 

structure. 

 

• Loads due to the aerodynamic pressure loads: 

The aerodynamic pressure loads acts as outside 

pressure and inner pressure forces on all the sides, 

i.e. on the upper and lower surfaces of the aircraft 

and also on the cross sectional areas and when it acts 

on the cross sections it will be different on the upper 

and lower cross sectional area as both the semi- 

circular cross sections are of different area. 

 

• Inner pressure that was considered was 

atmospheric and the value was 101.325 Pascal and 

when converted to KN the values were same on the 

upper and lower inner surfaces of the fuselage and it 

changed on the cross sections. The inner pressure on 

the upper semi-circle was 997. 27 KN and on the 

lower semi-circle was 1124.47 KN and on the upper 

and lower surfaces it was 42.619 KN. 

 

• Outside pressure force too was same on the 

upper and lower surfaces and varied on the cross 

sections and the values of the outside pressure on 

the upper and lower surfaces were 18.096 Kpa and 

in KN the value was 761.2 KN. The outer pressure 

force on the upper semicircular cross section was 

178.12 KN and on the lower semicircular cross 

section it was 200.83 KN. 

 

• The calculation is shown here: Inside pressure 

force on the upper and lower surfaces = 

101.325*42.0264 * 0.01 = 42.619 KN.  

 

• On the upper semi circle cross sectional area 

the inner pressure force was                  

101.325* 9.8423 = 997.27 KN. 

 

• On the lower semi circle cross sectional area 

the inner pressure force was                  

101.325*11.097 = 1124.47KN. 

 

• On the upper semi circle cross sectional area 

the outer pressure force was                  

18.096 * 9.8426 = 178.12 KN. 

 

• On the lower semi circle cross sectional area 

the outer pressure force was                  

18.096 * 11.097 = 200.83 KN. 

 

• Load due to torque:  

T = (τ * JP) / R 

   = [( 331*106) * 19.60] / 1.8795 

   = 3451.76 * 106 N-m. 

 

• Load due to bending moment:  

Mb = (E*I)/R 

      = (71.3*109*0.6126)/1.8795 

      = 371.76 * 109 N-m. 

• Shear load:  

On the upper surface = 331* 106* 9.8423 

                                   = 3257.8 * 106 N. 

On the lower surface = 331* 106* 11.0977 

                                  = 3673.34 * 106 N. 

 

V. DESIGN OF FUSELAGE 

 Model of the fuselage: The Fuselage model that is 

considered here in the project is BOEING 707-120B. 

Dimensions of the fuselage:  
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• Length of the fuselage: 42.06 m (138 feet). 

• Diameter of the upper semi circle: 3.54 m. 

• Diameter of the lower semi circle: 3.759 m. 

• Cross sectional area of upper part: 9.84 m2. 

• Cross sectional area of lower part: 11.097 m2. 

3D modeled view of the fuselage using CATIA 

 
Fig. 2: 3D View in CATIA 

Orthographic views of the fuselage structure 

 
Fig: 3: Orthographic views of the fuselage 

 

VI. RESULTS AND DISCUSSION 

Meshing: The meshing results and also the results 

for one iteration for 1mm thickness of the fuselage 

are given below and subsequent iterations will be 

continued.  

 

Fig: 4 mesh 

 

Fig. 5 

 

Fig: 6: material properties. 

 

Fig: 7 Static fuselage 1mm thick. 

 

Fig: 8 Aerodynamic pressure loads. 
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Fig: 9 constraints. 

 

Fig: 10 deformation. 

 

Fig. 11 Maximum Shear Strain 

 

VII. CONCLUSION 

The present project gives optimized results for the 

fuselage structure, first the analysis is carried out 

and the optimized regions of stress are determined 

and later the shape and size optimization is carried 

out and again a fuselage with an optimized size and 

shape is obtained. 

 

VIII. FUTURE WORK 

The present study focuses on only the central part of 

the fuselage but a future scope can be there where 

the entire aircraft can be optimized and even a 

higher efficient structure and power output can be 

produced. 
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ABSTRACT 
 

This study presents the Dynamic Analysis of thin membranes with different parameters. Membranes are used 

in various fields like aerospace, medicine, etc. It is essential to study their vibration characteristics. Modal 

analysis of flat pre-stressed membranes is carried out using finite element analysis tool ANSYS and the results 

are compared with Theoretical Calculations. A Good match between the two solutions was observed. 

Furthermore, vibration analysis of membranes with varying parameters was carried out, the results are 

studied and significant conclusions are drawn. 

Keywords: Mode shapes, Vibrations, Modal Analysis, Natural Frequency. 

 

I. INTRODUCTION 

 

A membrane is thin shell structure with no bending 

stiffness. Hence a membrane cannot resist any 

compression at all. However, membrane theory 

accounts for tension and compression stresses. In 

membrane theory only the in-plane stress resultants 

are taken into account. This study presents the modal 

analysis for predicting the behavior of various shaped 

thin membranes of various materials which are 

optimally subjected to pre-stress to render them to 

behave as structural members rather than bending or 

moments. 

 

Membrane materials 

 

Table1: Properties of membrane materials (Ruggiereo 

etal 2003, Srivastava et al 2008). 

 
 

II. FREE VIBRATIONS OF RECTANGULAR 

MEMBRANES 

 

A rectangular membrane with plane form dimensions 

a × b is shown in Figure. 1. Assume that uniform 

tension is applied to it in all directions, so that free 

vibrations are governed by the equation of motion. 

To determine the natural frequencies and mode 

shapes, we will proceed in the usual manner, that is, 

a solution to will first be found, and then the 

boundary conditions will be applied. 

 

 

http://ijsrcseit.com/
http://ijsrcseit.com/
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Figure: .1 Rectangular membrane subjected to equal 

tension in all directions. 

 

Using the method of separation of variables, a 

solution to is assumed in the form 

w(x, y,t) =X(x) *Y(y)* Φ(t) 
Substituting this into wave equation, and dividing 

by XYΦ results in 

 
Each of the three terms is a function of a different 

variable (x,y, or t), therefore, the only way in which 

this equation may be valid is if each term is equal to 

a constant. Let these constants be −α², −β², and –γ². 
Then 

 
And 

 

 

 

In anticipation of the solution form, replace (T/ρh)γ² 
by the constant ω², which will be, of course, the 
circular frequency. Solutions are then 

 
 

 

 

 

Boundary conditions where all edges are fixed will 

be considered. 

The boundary conditions are therefore 

 

w(0, y,t) = w(a, y,t) = w(x,0,t) = w(x,b,t) = 0 

 

hence 

 

X(0) = X(a) = Y(0) = Y(b) = 0 

 

Substituting this into solution, gives B = D = 0 and In 

non-dimensional form, 

 

 
It is seen that the non-dimensional frequency 

parameter λ, depends on the aspect ratio (a/b) of the 

membrane and that, for any a/b, there is a doubly 

infinite set of frequencies depending on the choices 

of m and n. Different analytical methods can be used 

for membranes of different shapes. 

 

III. RESULTS AND DISCUSSION 

 

Modal analysis of membranes of various shapes L-

shaped membrane ( S.C. Gajbhiye, S.H. Upadhyaye 

and S.P.Harsha) 

A. Dimensions and Parameters 

 
 

Young’s Modulus : 11.9x109 N/m2 

Poisson’s ratio : 0.3 

Thickness : 0.1 mm 

Density : 790 kg/m3 

Pre-stress Applied : 10 N/m2 
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No. of Elements : 1600 

Boundary Conditions  : The Membrane is fixed on 

all the edges. 

 

B. Mode Frequencies and Shapes 

 

Table: 2 Natural frequencies of a L-shaped 

membrane 

 
 

  

 
 

 
 

 

C. Elliptical Membrane 

 

Dimensions and parameters 

Major axis : 1.5 m 

Width : 1.0m 

Thickness : 0.1 mm 

Young’s Modulus : 11.9x109 N/m2 

Poisson’s ratio : 0.3 

Density : 790 kg/m3 

Pre-stress Applied : 10 N/m2 

No. of Elements : 1600 

 

Boundary Conditions: The Membrane is fixed on all 

the edges. 

 

Table: 3 Natural frequencies of an elliptical 

membrane 

 

 

 
 

IV. CONCLUSIONS AND SCOPE FOR 

FUTURE WORK 

 

The geometric modeling and Analysis of inflatable 

structures viz membranes was carried out and 

variation of natural frequencies and mode shapes 

with respect to varying parameters were shown. In 

future, the harmonic analysis can be carried out. 

More studies can be made for specific applications. 

Different FEA tools like ABAQUS can be used for 

more dynamic visualization of modes. Based on the 

present work the membrane structures can be 

designed for optimal vibrations. Also, studies can be 

taken up for varying temperature conditions like 

cryogenic temperatures and very high temperatures. 
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ABSTRACT 

Solar energy technologies are need of the hour due the depletion of the existing conventional energy 

resources. The major advantage of solar energy is the eco friendly nature and abundant availability. 

The problem of harmonics persists everywhere in the power system whenever non linear load or 

static devices are involved. The ultimate goal of the power system to deliver quality power to the 

consumer. The paper describes the novel method of using Shunt active power filter in gird interfaced 

PV system in presence of static loads which exhibit non linearity between voltage and current. This 

system provides VAR compensation and also takes care about harmonics using droop control 

technique. The solar module is connected the power filter, where the DC-DC converter acts an 

interfacing medium.The solar module is combined with an appropriate power tracking algorithm 

which surpases the disadvantages of the usual traditional method. The simulation study shows the 

effectiveness of the proposed system. MATLAB Simulink platform is utilized to demonstrate the 

uniqueness of the proposed system 

I. INTRODUCTION 

The power demand is always behind the electric power supply in ever growing and developing 

country like India. This calls for the essence of the non conventional energy sources  like solar, wind 

,hydro etc. The conventional methods of power generation are taking backstage due to depleting 

nature and preference is given by the Indian government to promote new and alternate energy 

generation methods in sustainable manner. The growth and development of SCR in thyristor family 

generally accounts for extensive use of static equipment. This also leads of the problem of harmonics 

or distortions in the voltage and current waveforms. Another major problem at the load side is the 

watt-less power requirement. The shunt active power filter is generally used in the power system as it 

takes care of both these problems. The main aim of this equipment is that it supplies a current which 

is same as harmonic distorted current in terms of value but anti parallel in direction in order to 

nullify the effect of harmonics. There are various names for Shunt active power filter such as active 

power filter, power filter, active filter, SAPF, APF are predominantly used in this paper. The system 
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considered here is the solar system connected the gird and SAPF mitigates reactive power 

requirement as well as harmonic content. 

 

The AC supply is fed the static load; in this case, it is 

the diode-based rectifier with resistive and inductive 

load,  𝐼𝑆–current of the AC source 𝐼𝐿 - current of the static load 𝐼𝐶– current fed by the shunt active filter for harmonic 

reduction  𝐿𝑆–inductance of the source 𝐿𝐿 – inductance of the load  𝐿1 –inductance of the coupling between load and 

source. 

Here, the shunt APF produced compensating currents of equal in magnitude however contrary in-

segment to those harmonics which are present because of non-linear masses which leads to 

mitigation of harmonics at load modern. Typically, the voltage source inverters (VSI) are used to 

transform the power of the PV device to inject it to the distribution device. However here, the VSI 

act as a multifunctional device that is used for power conversion and also for harmonics elimination 

in addition to reactive electricity repayment simultaneously. This control strategy contains p-q 

answer as in shunt active electricity clear out technique. This control approach is identical as method 

utilized in shunt filter out to reduce harmonics in the distribution network due to non-linear loads 

inside the system. 

 

This paper is prepared as follows  phase II presents evaluation on PV cell, its primary principle, 

connections modeling and effect of temperature and irradiation on PV panel. Segment III defined 

mppt p & o algorithm and its implementation for max power extraction from a PV device linked to a 

DC/DC improve converter and its need in PV energy technology in conjunction with its 

waveforms.Segment IV offers shunt APF design and its manipulate set of rules with implementation 

of shunt APF control method for inverter control. Phase V describes the received simulation 

outcomes and its discussions  section VI presents the conclusion along side scope for further work. 

II. PHOTOVOLTAIC SYSTEMS 

PV cells are made of semiconductor materials, for example, silicon. For sun based cells, a thin 

semiconductor wafer is uniquely treated to shape an electric field, positive on one side and negative 

on the other. At the point when light vitality strikes the sun-based cell, electrons are thumped free 

from the molecules in the semiconductor material. 
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In the event that electrical transmitters are connected to the positive and negative sides, shaping an 

electrical circuit, the electrons can be caught as an electric current - that is, power. This power would 

then be able to be utilized to control a heap. A PV cell can either be roundabout or square in 

development. 

A. Modeling of PV Array 

The building piece of PV exhibits is the sun based cell, which is essentially a p-n intersection that 

straightforwardly changes over light vitality into power: it has a comparable circuit as appeared 

underneath in Figure 3. The present source Iph speaks to the cell photograph current; Rj is utilized to 

speak to the non-straight impedance of the p-n intersection; Rsh and Rs are utilized to speak to the 

natural arrangement and shunt protection of the cell individually. Normally the estimation of Rsh is 

substantial and that of Rs is little, subsequently they might be fail to disentangle the investigation. PV 

cells are assembled in bigger units called PV modules which are additionally interconnected in 

arrangement parallel design to frame PV clusters or PV generators[3].The PV numerical model used 

to disentangle our PV exhibit is spoken to by the condition: 

(1) 

where I is the PV cluster yield current; V is the PV exhibit yield voltage; ns is the quantity of cells in 

arrangement and np is the quantity of cells in parallel; q is the charge of an electron; k is the 

Boltzmann's consistent; An is the p-n intersection ideality factor; T is the cell temperature (K); Irs is 

the cell invert immersion current. The factor An in condition (3.5) decides the cell deviation from the 

perfect p-n intersection attributes; it extends between 1-5 however for our case A=2.46 [3].The cell 

turn around immersion current Irs shifts with temperature as indicated by the accompanying 

condition: 

(2) 
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Where Tr is the cell reference temperature, Irr is the cell turn around immersion temperature at Tr 

and EG is the band hole of the semiconductor utilized as a part of the cell. The temperature reliance 

of the vitality hole of the semi conductor is given by [20]: 

   (3) 

The Iphcurrent which majorily depends on the irradiance factor and temperation of PV cell is given 

by: 

  (4) 

Where Tr is the cell reference temperature, Irr is the cell turn around immersion temperature at Tr 

and EG is the band hole of the semiconductor utilized as a part of the cell. The temperature reliance 

of the vitality hole of the semi conductor is given by [20]: 

 (5) 

The current to voltage graph for a sun based cluster is 

non-straight, which makes it hard to decide the MPP. 

The Figure underneath gives the trademark I-V and P-V 

bend for settled level of sun powered light and 

temperature 

            Figure 4 I-V and PV curves  

III. MAXIMUM POWER POINT TRACKING SYSTEM 

 

Most extreme power point following is a basic piece of a photovoltaic framework. Photovoltaic 

frameworks have a particular working point that gives greatest power. A MPPT effectively looks for 

this working point. Most extreme Power Point Tracking, regularly known as MPPT, is an electronic 

game plan that discover the voltage (VMPP) or current (IMPP) routinely at which a PV modules 

should work to accomplish the greatest power yield (PMPP) under quickly changing ecological 

conditions. It works the PV modules in a way that allows the modules to produce all the power they 

are prepared to do.  

 

Sunlight based light that hits the photovoltaic modules has a variable character contingent upon the 

scope, introduction of the sun oriented field, the season and hour of the day. Over the span of a day, a 

shadow might be thrown on the cell that might be predicted, as on account of a working close to the 
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sun based field or unforeseeable as those made by mists. Likewise the vitality delivered by each 

photovoltaic cell relies upon the light and temperature. From these contemplations, the need to 

distinguish moment by moment that specific point on the V-I normal for the PV generator in which 

there is the greatest measure of energy exchange to the matrix happens. The created vitality from PV 

frameworks must be amplify as the proficiency of sun oriented boards is low. Hence to get the most 

extreme power, PV framework is more than once furnished with greatest power point (MPP) tracker. 

A few MPP interest procedures are proposed and executed as of late. 

In light of the approach utilized for age of the 

control motion and in addition the PV framework 

conduct around the enduring state conditions, they are 

generally ordered into the accompanying gatherings: 

1. Offline methods 

 Open circuit voltage (OCV) method  

 Short circuit current method (SCC) 

 Artificial intelligence 

2. Online methods 

 Perturbation and observation method (P&O) 

 Extremum seeking control method (ESC)                                Figure 5 Need of MPPT 

 Incremental conductance method (Inc Cond). 

3. Hybrid methods 

A. Perturb and Observe (P&O) 

The most generally utilized MPPT calculation is P&O strategy. This calculation utilizes 

straightforward criticism course of action and minimal measured parameters. In this approach, the 

module voltage is intermittently given a bother and the relating yield control is contrasted and that at 

the past irritating cycle. In this calculation a slight irritation is acquaint with the framework. This 

annoyance causes the energy of the sunlight based module different. In the event that the power 

increments because of the annoyance then the irritation is proceeded a similar way. After the 

pinnacle control is achieved the power at the MPP is zero and next moment diminishes and 

henceforth after that the irritation inverts.  

 

At the point when the steady condition is arrived the calculation wavers around the pinnacle control 

point. Keeping in mind the end goal to keep up the power variety little the annoyance estimate is stay 

little. The strategy is progressed in such a style, to the point that it sets a reference voltage of the 

module relating to the pinnacle voltage of the module. A PI controller at that point demonstrations to 

exchange the working purpose of the module to that specific voltage level. It is watched some power 

misfortune because of this bother additionally the neglects to track the most extreme influence under 
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quick changing barometrical conditions. However, remain this method is exceptionally well known 

and straightforward. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The flow chart of the P&O algorithm 

IV. SHUNT ACTIVE POWER FILTER WITH PV SYSTEM 

A Shunt Active Filter (SAPF) is the bidirectional current converter with six switches having mix of 

both exchanging system and channel parts. Structure of this power channel is reliant on the control 

system of VSI having a capacitor with the end goal of DC vitality stockpiling and the inverter yield 

has been associated with Non-direct load having diode rectifier connect with a RL-stack. In each of 

the switches the diodes are associated in against parallel game plan with the IGBTs to allow current 

stream in either bearing. For pay of responsive power the PV interconnected shunt APF infuses 

genuine PV energy to a conveyance line at PCC and furthermore diminishes symphonious in stack 

streams caused by nonlinear loads by infusing repaying current. This channel is associated in shunt 

that implies in parallel with the nonlinear load. This dynamic channel has capacity of distinguishing 

the consonant streams caused by the nonlinear loads and after that infuses a current of equivalent 

greatness and inverse in stage with the non-direct load current which is called remunerating current 

to diminish the music show in stack ebbs and flows because of Non-straight load. Subsequently, the 

subsequent current is in type of a basic recurrence sinusoidal current which is attracted at PCC 

conveyance nerwork. 

 

A Shunt APF generally consists of the following Blocks:  

і) IGBT based voltage source inverter (VSI)  
ii) DC energy storage  

iii) Active control unit  

1p–q theory Based Control 
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Akagi et al in 1983 [3] created P-Q hypothesis or "immediate active-reactive  Power hypothesis" for 

controlling the dynamic channels. This can be accomplished by changing the voltage and load 

current into α-β co-ordinates. 

 

 

 

 

 

 

 

 

 

Fig.7 PV system connected to a Shunt APF 

 

V. SIMULATION RESULTS 

A. Conventional Simulation Circuit 

Fig 9 Conventional Simulation Circuit 

 

(i) Case Study for Balanced and unbalanced load: 

To analyze the performance of the proposed system 

under balanced and unbalanced load conditions, 

source voltage as well as source current is set as 

sinusoidal but not in phase. The SAF is required to 

compensate the reactive power only. At t=0.05 to 

0.4, the inverter is switched on. At this instant the 

inverter starts injecting the compensating current so 

as to compensate the phase difference between the 

source voltage and current. The supply current is the sum of load current and injected SAF output 
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current. During the initial period, there is no load deviation in the load. Hence, the programmable 

three-phase AC voltage source feeds the total active power to the load. Figure 7.shows the waveforms 

of (a) Grid Current, (b) Load Current, (c) Inverter current. The real power generated from PV system 

is supply to the load required demand. 

 
Fig 11 Grid, Load, Filter Current waveforms (Filter on from 0.05 to 0.4) 

 

Amid the uneven load condition, the transient load current changes happen. The Active Power 

channel is exchanged on at time between t = 0.05 to 0.4. From figure 11 it is watched that the Grid 

current is twisted from t= 0 to 0.05. At 0.05 channel is exchanged on then the current wavers at 0.05 

and it balances out at 0.1 and again the network current gets mutilated because of the turn off of 

channel at 0.4 

 

 
Fig 12 Conventional Circuit THD analysis without filter (16.03%) 
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The Active Power channel reacts to the present transient and infuses a responsive energy of to 

reestablish the receptive energy of the heap. The outcomes affirm the great dynamic execution of the 

APF for a fast change in the heap current. The FFT of the matrix current prior and then afterward 

pay is done. The present THD is decreased from 16.03% to 2.93% as appeared in Fig.14. 

 

 
Fig 13 Grid, Load, Filter Current waveforms (Filter on from 0.05 to 0.4) 

 

 
Fig 14 Conventional Circuit THD analysis with filter (2.93%) 
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Fig 15 Proposed Method Grid, Load, Filter Current waveforms (Filter on from 0.2 to 0.4) 

 
Fig 16 Proposed Circuit THD analysis with filter (1.91%) 

It is watched that it demonstrates a decent powerful reaction of APF when a hang control 

technique is connected to it. The FFT of the matrix current with traditional and proposed strategy is 

completed. The present THD is lessened from 2.93% to 1.91% as appeared in Fig.16. 

Comparison Table 

 

 

 

 

 

VI. CONCLUSION 

In this paper the Simulink usage of gird associated inverter control strategy has done where the 

inverter control includes the P-Q compensation hypothesis and hysteresis control for pulse 
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generation for the VSI. This inverter control is connected at the PCC to get the sinusoidal load 

current. The load current previously, then after the fact inverter control application is finished by 

Simulink and the waveforms demonstrates the impact of inverter control, where the outcome after 

inverter control is practically sinusoidal with less harmonic percentage. For the THD examination of 

load current prior and then afterward the inverter control method application, on the SIMULINK 

page FFT investigation alternative in the powergui is picked which brings about THD level of the 

load current previously, then after the compensation. Subsequently, it is seen that in the event of 

inverter control method add up to consonant mutilation in stack current is 13.69% preceding inverter 

control and it diminishes to 2.86% after inverter control and furthermore network current is in same 

stage with gird voltage that is solidarity unity power factor(UPF) happens. So inverter assumes a 

novel part to control the harmonics  and VAR compensation to give just real power at the PCC of the 

distribution framework. Consequently, it can be inferred that by utilization of Shunt APF the sounds 

due to a non-linearity of load is remunerated to an extensive incentive to give sinusoidal yield 

current of various of sinusoidal in nature  and furthermore VAR compensation is achieved to give just 

real power at the distribution system framework. 
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PREFACE 

National Conference on Management, Technology & Innovation in the VUCA World 

“Role in Value Creation” was held on 23
rd

 March 2019 by the Department of 

Management studies, New Horizon College of Engineering in association with 

Association of Indian Management Schools and MTC Global. 

The key note speeches were delivered by noted business exponents who have rich 

knowledge and experience in their field of expertise. The crux of the event revolved 

around the concept of management and technology, adaptability to changing business 

environment and openness to embrace the dynamic business environment that 

incorporates new technology in its business practices. The conference also 

emphasized on VUCA (Volatility, Uncertainity, Complexity and Ambiguity) which is 

a challenge today ahead of all the corporate. 

One of the primary objective of the conference was based on VUCA (Volatility, 

Uncertainty, Complexity, and Ambiguity) conflates four distinct types of challenges 

that demand four distinct types of responses. It also highlighted the need to be 

independent, adopt to change, the evolution on creativity and innovation over 

successive years, the necessity of VUCA had to be given utmost importance in the 

present business scenario. 

The two day National Conference had about 100 participants from 30 colleges and 61 

research papers spanning over 6 states. The current proceedings comprise written 

contributions of the presentations during the conference and was reviewed using 

double blind peer review process. We would like to thank all participants for their 

contributions to the Conference program and for their contributions to these 

Proceedings. We are looking forward to the International Conference on Innovative 

Research in Engineering, Management and Sciences that will be held in Dec 2019. 
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Department of Management Studies all the best for publication of the 
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In the era of dynamic management approaches and advancing technology, future of 

business is becoming more unpredictable and complex. VUCA demands 

organizations to create their fundamental competitive advantage. Innovations act as 

catalyst in propelling success in faster rates of growth. Science, Engineering and 

management are leading to new paradigms for innovation in all the nations and its 

economies. 

 

I am happy and glad to know that the Department of Management Studies, New 

Horizon College of Engineering challenged themselves to merge different themes and 

conducted a National conference - 2019 “Management, Technology & Innovation 

in the VUCA World : Role in value creation” and are coming out with Proceeding 

of National Conference-2019. 
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are published with a goal of shedding light in the areas like Management, Technology 
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Abstract 

Villages comprise the core of Indian society and also represent the real India . it is for these 

villagers that we need to make sure we build a system that delivers basic social infrastructure 

in an effective manner. In order to ensure that the fruits of India's progress are shared by all 

sections of the society, the government has identified several elements of social and 

economic infrastructure, critical to the quality of life in rural areas. India now boasts GDP 

growth rates that far exceed those of other developing nations and are the envy of the entire 

world. Its rising middle class demands more than just bread. Food and agricultural operators 

based in India and abroad are responding to the country’s demands with an array of high-

quality food products that contribute to India’s increasing nutritional requirements and add 

value to India’s agricultural supply chain. However even today there are disparities of 

development between the rural and the urban sector. In spite of planning, however, the 

regional disparity remained a serious problem in India. The convergence postulates that when 

the growth rate of an economy accelerates, initially some regions with better resources would 

grow faster than others. But after sometime, when the law of diminishing marginal returns set 

in, first growth rates would converge, due to differential marginal productivity of capital 

(higher in poorer regions and lower in richer regions), and this in turn would bridge the gaps 

in the levels of income across regions. In order to overcome this problem of disparity Social 

Entrepreneurship is one of solution to this, This study focuses on the importance of rural 

sector to the GDP of Indian Economy, presence of Regional Disparity and how social 

entrepreneurship can become a means to overcome this problem.  

Keywords: Rural Sector& its revival, Regional Disparity, Social Entrepreneurship  

It is an accepted fact that rural sector forms one of the pillars to the overall economic 

development of India through agricultural and no-agricultural sub-sectors. However this 

sector has suffered adversely. Although it is known fact that the success story of Indian 

economy is spreading its wings towards India's districts and rural areas which accounts for 

over 65% of the nation's total populace. Currently, the rural sector of India is not only 

observing a massive increase in its per capita income but also in its expenditure and 

production. 

Social Entrepreneurship as a catalyst & a Boon for the revival of Rural 

India 
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The regional disparity in India is now a matter of serious concern. It is well known that in a 

large economy, different regions with different resource bases and endowments would have a 

dissimilar growth path over time. One of the reasons why centralized planning was advocated 

earlier was that it could restrain the regional disparity. In spite of planning, however, the 

regional disparity remained a serious problem in India. A new controversy in this respect is 

whether growth rates and standard of living in different regions would eventually converge or 

not.  

Analyzing the regional disparities in India, it is revealed that there is divergent trend of per 

capita income among the major Indian states and there is no sign of either conditional 

convergence or unconditional convergence of per capita state income during last two 

decades. Applying the basic equation of unconditional convergence in Indian context it has 

been found that the speed of divergence in per capita state income of major Indian states is 

1.80 percent over the last two decades. The growth analysis has revealed out the same trend 

of increasing disparity across the states. The rigidity of the states in holding their ranks in 

terms of per capita net state domestic product is also deciphered the finding from the growth 

analysis. Thus, the basic assumption of neo-classical growth theory, i.e., diminishing returns 

to capital is thus becoming doubtable in countries like India where divergence of growth is 

catching up. The policy implications of our analysis on intra and inter regional disparity 

suggests that between-effects of spatial disparities is significantly different from within-effects 

and therefore separate policies are required for states of separate income groups to reduce 

regional disparity. While rural-urban disparities and disparities between regions within 

countries need our utmost attention, newly emerging global trends can cause new disparities.  

Globalization of the economy, the information revolution and the emergence of the 

knowledge society will profoundly alter social and economic conditions around the world and 

in the Asian and Pacific region. Knowledge will become the most important factor of 

production and in order to compete in the global economy, countries will have to improve 

their educational systems. Corporations will increasingly look at the quality of education of 

the workforce, the availability of qualified professionals and the level of research and 

development, before deciding on investments in a particular location. Employers may also be 

looking for employees, who are not well-educated, but have the ability for continuous 

learning and who can apply available knowledge to new situations. Entrepreneurship, 

flexibility and mobility will become highly valued assets. Not everyone will be able to 

participate in this new economy and a new disparity will emerge. Many refer to this disparity 

Regional Disparity a major problem even today 
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as the “digital divide”, but it is more than a divide between those with access to information 

technology and those without such access. It is a divide between those with the appropriate 

knowledge, skills and attitudes and those without them. Percapita convergence or divergence 

within and between regions is a new controversy in development economics. Theoretically, 

new endogenous growth theories suggest cumulative advantage and increasing regional 

disparities over time, while neoclassical theories suggest that diminishing returns tend to 

produce convergence. The question of whether there is regional convergence or divergence is 

simple in the theoretical abstracts, but quite complex in empirical application. From the 

convergence theory it postulates that when the growth rate of an economy accelerates, 

initially some regions with better resources would grow faster than others. But after 

sometime, when the law of diminishing marginal returns set in, first growth rates would 

converge, due to differential marginal productivity of capital (higher in poorer regions and 

lower in richer regions), and this in turn would bridge the gaps in the levels of income across 

regions.  

 

The empirical evidence on this is however very controversial. It has also been observed that 

when an economy is liberated, especially after controls on investment are lifted, then regions 

with better infrastructure would attract more investment, especially foreign capital, through 

market mechanism, and this in turn would lead to regional inequity, at least in the early phase 

of reforms. In India, the growth rate of gross domestic product (GDP) accelerated since 

1980s. The average annual GDP growth rate in the first three decades (1950s to 1980s) was 

only 3.6 percent. During the 1980s, the GDP growth rate accelerated to 5.6 percent, and after 

economic reforms in the 1990s, it has further accelerated to 6.0 percent. The reforms led to a 

lot of structural changes in the Indian economy, such as, deregulation of investment – both 

domestic and foreign – and liberalization of trade, exchange rate, interest rate, capital flows 

and prices. The post reform period also witnessed a sharp deceleration in public investment 

due to fiscal constraint. At the aggregate level, the average share of public investment in total 

investment has declined from 45 percent in the early-1980s to about one-third in early-2000s. 

Although, there is very little information on investment at the regional level, the available 

indicators suggest that more and more investments are now taking place in richer states. The 

RBI data on capital flows show that four/five developed states have cornered the major chunk 

of foreign direct investment in India. The poorer states with inadequate infrastructure are not 

able to attract foreign investment. The poorer states are also investing less because 
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historically they mobilized resources for public investment mainly through grants and 

assistance from the Centre, which are now declining due to fiscal 

 

Societies worldwide are urgently seeking innovative approaches to addressing social 

problems that have not been satisfactorily addressed by government or the market place. In 

search of new solutions, a growing number of social entrepreneurs are developing novel 

strategies that often combine the strength of both the for-profit and nonprofit sectors to 

achieve significant social change. 

 

Social Entrepreneurship a Boon to Rural Sector 

 Having understood the fact that regional disparity has been and is a major social problem 

faced by Indian economy the solution to overcome this problem is by encouraging social 

entrepreneurship. 

 

Insight to Social Entrepreneurship  

Social entrepreneurship is the recognition of a social problem and the uses of entrepreneurial 

principles to organize create and manage a social venture to achieve a desired social change. 

While a business entrepreneur typically measures performance in profit and return, a social 

entrepreneur also measures positive returns to society. Thus, the main aim of social 

entrepreneurship is to further broaden social, cultural, and environmental goals. Social 

entrepreneurs are commonly associated with the voluntary and not-for-profit sectors, but this 

need not preclude making a profit. Social entrepreneurship practiced with a world view or 

international context is called international social entrepreneurship. 

 

Definition of Social Entrepreneurship 

Despite the agreement that social entrepreneurship is an emerging field, there exists no 

agreed upon definition (Austin et al., 2006, p.1). Many attempts to define social 

entrepreneurship start with exploring the term’s use, going back to French economist Jean-

Baptiste Say in the early 19th century, who defined an entrepreneur as a person who creates 

value by shifting “economic resources out of an area of lower and into an area of higher 

productivity and greater yield” (Martin and Osberg, 2007, p.2). Most influential was Joseph 

Schumpeter in defining the ‘Unternehmer’ (entrepreneur) as an innovative force for 

economic progress, important in the process of ‘creative destruction’ and therefore as a 

change agent, a term which is used in many modern definitions of social entrepreneurship. 
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While there are many different definitions of entrepreneur, the relatively new term social 

entrepreneur is even less clearly defined and often varies from country to country and author 

to author. One of the most widely cited definitions in the academic literature is the one from a 

renowned scholar in the field of social entrepreneurship. 

A social entrepreneur is a change agent who: 

• “Adopts a mission to create and sustain social values 

• Recognizes and relentlessly pursues new opportunities to serve that mission 

• Engages in a process of continuous innovation, adaptation, and learning 

• Acts boldly without being limited by resources currently at hand, and 

• Exhibits heightened accountability to the constituencies served and the outcomes created.”  

 

Social entrepreneurs are individuals with innovative solutions to society’s most pressing 

social problems. They are ambitious and persistent, tackling major social issues and offering 

new ideas for wide-scale change. Social entrepreneurship refers to the practice of combining 

innovation, resourcefulness and opportunity to address critical social and environmental 

challenges.  Social entrepreneurs focus on transforming systems and practices that are the 

root causes of poverty, marginalization, environmental deterioration and accompanying loss 

of human dignity.  In so doing, they may set up for-profit or not-for-profit organizations, and 

in either case, their primary objective is to create sustainable systems change. Rather than 

leaving societal needs to the government or business sectors, social entrepreneurs find what is 

not working and solve the problem by changing the system, spreading the solution, and 

persuading entire societies to take new leaps. Social entrepreneurs often seem to be possessed 

by their ideas, committing their lives to changing the direction of their field. They are both 

visionaries and ultimate realists, concerned with the practical implementation of their vision 

above all else. 

 

Each social entrepreneur presents ideas that are user-friendly, understandable, ethical, and 

engage widespread support in order to maximize the number of local people that will stand 

up, seize their idea, and implement with it. In other words, every leading social entrepreneur 

is a mass recruiter of local change makers—a role model proving that citizens who channel 

their passion into action can do almost anything.Social entrepreneurs are drivers of change. 

Together with institutions, networks, and communities, social entrepreneurs create solutions 

that are efficient, sustainable, transparent, and have measurable impact. There are continuing 

arguments over precisely who counts as a social entrepreneur. The lack of consensus on the 
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definition of social entrepreneurship means that other disciplines are often confused with and 

mistakenly associated with social entrepreneurship. Philanthropists, social activists, 

environmentalists, and other socially-oriented practitioners are referred to as social 

entrepreneurs. It is important to set the function of social entrepreneurship apart from other 

socially oriented activities and identify the boundaries within which social. 

 

The importance of social entrepreneurship 

 

1. Introduction 

In the recent years there has been strong growth in the studies of social entrepreneurship on 

the level of business administration and microeconomics. This has been especially the case 

since Muhammad Yunus, founder of the Grameen Bank and a renowned example of a social 

enterprise, won the Nobel Peace Price in 2006. However, the increase in academic interest 

has largely been confined to case studies or efforts to find a common definition of social 

entrepreneurship. What the current academic literature does not provide is a link between 

social entrepreneurship and economic development policies. How important are social 

entrepreneurs for economic development and what the policy implications. 

 

After defining the term social entrepreneurship as dealing with organizations at the 

intersection of non-profit and business enterprises this essay analyses the importance of social 

entrepreneurship for economic development policies. It will be demonstrated in four 

paragraphs that the social entrepreneur sector is increasingly important for economic 

development policies because it creates social and economic values: 

(1) Employment development, especially significant for the disadvantaged segment of 

Societies; 

(2) Innovation and the creation of new goods and services, often for unmet social needs 

(3) Social capital, critical for sustainable social and economic development, and 

 (4) Equity Promotion, in view of the addressing of the needs of disadvantaged people. 

 

Noteworthy is also a shift in the focus of social entrepreneurs away from the non-profit 

sector, traditionally in charity and philanthropic activities, towards entrepreneurial private-

sector oriented business activities. While some still see the social entrepreneur mainly in the 

non-profit sector, most of the studies in recent years highlight that the boundaries between 
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non-profit and for-profit vanish following diagram illustrates how the social-entrepreneur 

sector overlaps with the public, private and voluntary sectors 

The more modern definition of social entrepreneurship incorporates the enterprise orientation 

with social objectives and social ownership, which means that the social enterprise is 

typically accountable to community stakeholders rather than financial investment 

shareholders “A social enterprise is any business venture created for a social purpose – 

mitigating/reducing a social problem or a market failure – and to generate social value while 

operating with the financial discipline, innovation and determination of a private sector 

business.” 

Social enterprises lie at the crossroads between non-profit and business organization as 

shown in the following illustration of the spectrum of hybrid organizations that includes key 

features of different types of enterprises 

3. Creation of Social and Economic Values

The importance of entrepreneurship in general and social entrepreneurship in particular is 

often overlooked. This paper argues in the next four paragraphs that social entrepreneurship 

is important to economic development policies because it can play a vital role to the progress 

of societies and deliver vital value to societal and economic development.
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The first major economic value that social entrepreneurship creates is the most obvious one 

because it is shared with entrepreneurs and businesses alike: job and employment creation. 

Although the academic literature does not provide recent data on how many people are 

employed in social enterprises in a multi-country context, a study on the percentage of people 

employed in the nonprofit sector in 13 countries can function as a proxy to illustrate that the 

number is significant. As figure 3 shows, it ranges from one to seven percent in the selected 

countries: 

A second dimension of employment development is almost unique to social enterprises; 

social enterprises provide employment opportunities and job training to segments of society 

at an employment disadvantage, such as the long-term unemployed, the disabled, the 

homeless, at-risk youth and gender-discriminated women. Some social enterprises act as an 

“intermediate between unemployment and the open labor market”. Reintegration of 

disadvantaged groups into the labor market is both socially and financially beneficial for the 

community at large. In the case of Prof. Yunus and the Grameen Bank, the economic 

situations of six million disadvantaged women micro-entrepreneurs were improved. 

B. Innovation / New Goods and Services

Social enterprises develop and apply innovation important to social and economic

development and develop new goods and services. As the Organisation for Economic  Co-

Operation and Development (OECD) states, “social-purpose enterprises … bring new

responses to unmet social needs can be measured as the provision of new goods and services

that are complementary to those delivered by the public and private sectors and accessible to

a greater number of citizens”. Issues addressed include some of the biggest societal problems

such as HIV, mental ill-health, illiteracy, crime and drug abuse which, importantly, is

A. Employment Development
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confronted in innovative ways. An example showing that these new approaches in some cases 

are transferable to the public sector is the Brazilian social entrepreneur Veronica Khosa, who 

developed a home-based care model for AIDS patients which later changed government 

health policy. The OECD sees these new kinds of organizations as “hotbeds of ideas and 

experiments, and they are able to get innovative policies adopted at the central, regional or 

local government levels”. 

 

C. Social Capital 

Next to economic capital one of the most important values created by social entrepreneurship 

is social capital. Although the term social capital again is not clearly defined, it is usually 

understood as “the aggregate of the actual or potential resources which are linked to 

possession of a durable network of more or less institutionalized relationships of mutual 

acquaintance and recognition", social capital is the most important form of capital created by 

social entrepreneurs because economic partnerships require shared values, trust and a culture 

of cooperation which is all part of social capital. As examples he mentions the success of the 

German and Japanese economies, which have their roots in long-term relationships and the 

ethics of cooperation, in both essential innovation and industrial development. The World 

Bank also sees social capital as critical for poverty alleviation and sustainable human and 

economic. It also mentions the Grameen Bank again, along with several other Asian 

examples, and concludes with the statement that “existent bonding social capital within 

groups has been reinforced by bridging/linking social capital catalyzed by social 

entrepreneurs”  

  

The figure below illustrates the “virtuous circle of social capital”, starting with the initial 

endowment of social capital by the social entrepreneur. Building up a network of trust and 

cooperation and getting more partners involved enables access to physical (e.g. buildings), 

financial and human capital. Organizational capital is created, and, when the social enterprise 

is successful, more social capital such as in the form of a re-opened hospital is created: 
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D. Equity Promotion 

Another aspect is that social entrepreneurship fosters a more equitable society which is an 

objective for most economic development policies. Complementing the equity promoting 

activities of public agencies and NGOs, social enterprises address social issues and try to 

achieve ongoing sustainable impact through their social mission rather than purely profit-

maximization. Again Yunus’s Grameen Bank and its support for disadvantaged women is an 

example of how social entrepreneurs support equity-promoting policies. Other examples 

include reintegrating disadvantaged groups into the labour market and providing affordable 

goods and services to the poor. For instance, the American social entrepreneur J.B. Schramm 

has helped thousands of low-income high-school students to get into tertiary education. 

 

4. Economic Development Policies to foster Social Entrepreneurship 

Economic development policies aimed at fostering social entrepreneurship include policies to 

foster entrepreneurship in general as well as policies specific to social enterprises. General 

policies include minimizing regulatory barriers, administrative and compliance costs and tax 

burdens, and ensuring functioning markets, competition, and the effectiveness of bankruptcy 

laws. Additionally, the three following policies that specifically consider the unique 

challenges of social entrepreneurship should be implemented:  

• Firstly, the biggest difficulty for social enterprises is obtaining credit and sufficient funds, 

leading to a recommendation that special funding mechanisms should be developed.  

• Secondly, best-practice exchange, the education of future leaders and continuous training 

should be supported by establishing centers for social entrepreneurship. 

• Thirdly, regulation for social enterprises should be minimized and government incentive 

programs including tax incentives should promote the social-enterprise cause making the 

private sector more inclusive. 
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Characteristics of social entrepreneurs 

Social entrepreneurs are often viewed as business entrepreneurs with a social mission. Peter 

Drucker stated, “The social entrepreneur changes the performance capacity of society”. 

Twentieth-century growth economist, Schumpeter characterized the entrepreneur as the 

source of ‘creative destruction’ necessary for major economic advances. Changing activities 

for the betterment of society remains at the heart of their mission. They also use their social 

mission to satisfy unmet problems. 

 

The concept of leadership characteristics of social entrepreneurs is still an important area of 

debate. Leadership is a process whereby an individual influences a group of individuals to 

achieve a common goal. Some studies observed leader as a part of the group who controls the 

group structure and processes, others observed they are not a part of the group that is being 

influenced or worked with. They acted as an outsider such as Mohammad Yunus of Grameen 

Bank, Ella Bhatt of SEWA, Bill Drayton of Ashoka foundation, Richard Mawson and other 

social entrepreneurs of Asian context. This study considers all social entrepreneurs as leaders.  

 

The study also observes similarities between the leadership of social entrepreneurs and 

business entrepreneurs.We can describe the leadership style of social entrepreneurs in 

developing countries as ‘facilitative’, with participatory development enabling villagers to 

take responsibility in decision-making. They work hard, sacrificing their employment, and 

some took a vow of celibacy, pledging to devote their entire life to the service of the rural 

poor. These facilitative leaders were concerned with the work and family life of their staff, 

their values, and culture, their growth as individuals and professionals. The villagers 

respected them as their ‘guru’ or master and also loved them as senior family members. 

There are limited studies that highlight social entrepreneurs’ influence on social capital 

production.  

 

Empowering /Reviving Rural India   

 The Empowering Rural India and its subsequent development are credited to a large extent 

upon the development of its 700-million strong rural population of India. The majority of 

Indian population lives in about 600,000 small villages and the main livelihood of this section 

of Indian population are primarily agriculture and its allied area.  

The notable steps taken by the Government of India for Empowering Rural India are as 

follows -  
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•The allocation for Rural Infrastructure Development Fund to be raised to `12, 000 crore from 

`10, 000 crore. 

•A separate window for rural roads will continue, with a corpus of `4, 000 crore. 

•An additional irrigation potential of 2,400,000 hectares to be created, including 900,000 

hectares under the Accelerated Irrigation Benefit Programme. 

•The National Agricultural Insurance Scheme of India to continue for the 2007-08, with an 

allocation of Rs 500 crore. 

•A weather-based crop insurance scheme will be introduced. 

•To connect 66,800 habitations with population over 1000, with all modern metal roads. 

•Total investment of `1, 74,000 crore envisaged under “Bharat Nirman”, investment on rural 

roads estimated to be at `48, 000 crore. 

•`1, 800 crore has been allocated for a water recharging scheme that will offer a 100% 

subsidy to small Indian farmers and 50% to other farmers to encourage them to recharge 

water. 

•A special plan is being implemented over a period of three years in 31 suicide-prone districts 

in four states, involving a total amount of `16, 979 crore. Of this, around `12, 400 crore will 

be spent on water-related schemes. 

•To address the problem of poor availability and quality of certified seeds, the integrated 

oilseeds, oil palm, pulses and maize development program will be expanded with more focus 

on scaling up the production of breeder, foundation and certified seeds Government will fund 

the expansion of the Indian Institute of Pulses Research, Kanpur. 

•Government to offer other producers to double production of certified seeds within a period 

of three years. 

•The Indian Agriculture Technology Management Agency, now in place in 262 districts, will 

be extended to another 300 districts. 

•The amount of fertilizer subsidy has been increased from ` 17, 253 crore to ` 22, 452 crore. 

•The budget has also allotted ` 12, 000 to the National Rural Employment Guarantee Scheme. 

•Amount of ` 2, 800 crore has been allocated for the Sampoorna Gramin Rozgar Yojana. 

•To facilitate a corpus of ` 8000 crore to Rural Infrastructure Development Fund (RIDF). 

•To construct additional 1, 46,000 Km of new rural roads and repair and modernize 1, 94,000 

Km of existing rural roads. 

•Allocation for promoting self -employment among the rural poor, has been increased from ` 

1, 200 crore to ` 1, 800 crore. 
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•NABARD to issue government-guaranteed rural bonds to the extent of ` 5, 000 crore with 

suitable tax exemptions.A 31% hike in allocation towards the Bharat Nirman programme for 

upgrading rural infrastructure, from ` 18, 696 crore to ` 24, 603 crore, and a proposed ` 225, 

000 crore for farm credit. 

•A Special Purpose Tea Fund to rejuvenate tea production. Financial mechanisms for re-

plantation and rejuvenation will also be implemented for coffee, rubber, spice, cashew and 

coconut plantations. 

•To add to clean drinking water facility along adopt proper sewage mechanism. 

•To engage faster electrification and telecommunication process. 

•Increase number of rural health centers, with special focus on mother and child health care. 

 

Conclusion 

In summary, this essay has shown that social entrepreneurship is important to economic 

development and can play a vital role for societal and economic progress. After briefly 

outlining that social enterprises are hybrid organizations falling between the nonprofit and the 

business models, the fostering of four important values were discussed: (1)Employment 

development in the form of job creation and (re-)integration of disadvantaged people; (2) 

Innovative creation of new goods and services; (3) Broadly distributed social capital though 

socially institutionalized values such as trust and cooperation, and (4) Equity promotion by 

addressing the unmet needs of socially disadvantaged groups. 

 

Therefore, social enterprises should be seen by government as a positive force, as change 

agents providing leading-edge innovation to unmet social needs. The recognition of 

Muhammad Yunus and the Grameen Bank with the Nobel Peace Prize 2006 for “their efforts 

to create economic and social development from below” is a first step towards recognizing 

social entrepreneurs. Economic development policies should foster entrepreneurship in 

general and especially when entrepreneurs take on social problems that the private for-profit 

and public sectors do not address or niches they overlook. Specific policy recommendations 

include the easier provision of credit as well as implementation of specific education and tax 

incentive programmes, along with policies that target the fostering of entrepreneurship at 

large, such as reducing regulatory burden and establishing working institutions and effective 

bankruptcy laws. Social entrepreneurship is not a panacea because it works within the overall 

social and economic framework, but as it starts at the grassroots level it is often overlooked 

and deserves much more attention from academic theorists as well as policy makers. This is 
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especially important in developing countries and welfare states facing increasing financial 

stress. 

 

Social entrepreneurs can reproduce social capital and sustain the organisation if they follow 

the ‘enabling leadership’ style. The enable leaders developed the villagers’ social agency or 

organizational capacity or social capital so that they can sustain their organisation in the long 

run when these leaders withdraw. The villagers developed self-reliance under the enabling 

leadership. Associating with outside leaders in the villagers’ development activities is 

common in the Asian context and naturally the sustainability of these organisations poses a 

major concern to the development world. So this paper argue that the intervention of social 

entrepreneur could ensure organizational sustainability if they took enabling leadership style 

to assist the villagers. 
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ABSTRACT 

Heat dissipation is one of the most challenging tasks in any product design more so in thermal 

design of Electronic Cabinets, as heat generated by these components may exceed its operating 
temperature limits leading to failure of components. Research shows that, for every 100C 

temperature rise above ambient temperature of the Cabinet, the life of the electronic components 

is reduced by half. Hence limiting the temperature of components below its operating 

temperature range becomes a major criterion in designing any electronic system. In this present 
work, CFD analysis has been carried out using ANSYS Fluent on Electronic Cabinet of size 

358mm x 78mm x 252mm consisting five heat sources with total heat dissipation of 150W. 

Cabinet is designed for two exhaust fans each of 48 CFM. The analysis is carried out by providing 
interrupted fin heat sink. The results of interrupted fin heat sink are compared with the results of 

continuous fin heat sink. It is found that nearly there is 2% reduction in the pumping power cost 

using interrupted fin heat sink due to lower pressure drop and also installing interrupted fin heat 

sink reduces the weight of the Electronic system. The result obtained for temperature rise in a 
Cabinetfound to be 30C which is below the threshold limit. Analysis results of temperature rise 

and inlet velocity was validated with analytical results and hence satisfies. 

Keywords : Temperature rise, fin heat sink, CFD, ANSYS Fluent, Electronic Cabinet 
 

I. INTRODUCTION 

 

Electronic Cabinet provided with fan provides better cooling up to 10% than the Cabinet without 
fans, [1]. Also provision to fin heat sink increases the surface area in contact with cooling medium 

surrounding it. Heat sink is manufactured using most common materials such as Copper and 

Aluminium, since these materials have good thermal conductivity allowing heat to pass through 
it. 

 

In present work,Cabinet is provided with exhaust fans andheat sourcepanel is provided with 

interrupted Aluminium fin heat sink to study the effect of cooling in maintaining the Cabinet 
temperature rise. The analysis is carried out using ANSYS Fluent as CFD tool provides optimum 

solution for an Electronic Cabinet thermal design. 

 
II. LITERATURE SURVEY 

 

Literature survey is carried out to understand state of art of work carried on Thermal 

Management of Electronic Cabinet and also to understand Selection of fans, Boundary conditions 
and Turbulent Models. The summary of the journals are as discussed below: 
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Hoffman Pentair Company, [1], [2003], this technical data sheet highlights the design parameters 
required in thermal design of an Electronic Cabinet. It provides the required basic parameters in 

selection of Fan and Calculating Temperature rise for a Cabinet.  

 
MahendraWankede, et.al, [2], [2010], in this work the PCBS generating 100W is enclosed in an 

Aluminium enclosure. The experimental results are validated with analytical results. The results 

show that enclosure with fans provides 20% reduction in temperature than without fans. 

 
Lakshminarasimha N, [3], [2015], this journal deals with the study on 150W generating heat 

source enclosed in an enclosure. The CFD analysis results are validated with analytical results. 

Journal highlights the analytical formulas required to calculate the temperature rise, Inlet velocity 
and Total heat transfer rate in an enclosure. 

 

Bud Industries Inc, [4], [2007], this industrial data sheet provides overall thermal design aspects 

required for an Electronic Cabinet. 
 

Though the present state of work is not similar to the literatures found as discussed above, the 

effort has been made to carry out the present work with available literatures. 
 

III. METHODOLOGY 

 

The step in analysis consists of Geometry, Meshing and Analysis; these are carried out using 
ANSYS Products and as discussed in the following sections. 

 

A. Geometry 
Fig. 1 shows the Geometry model of Electronic cabinet with interrupted fin heat sink. It consists 

of the following: 

1. Five heat sources 

2. Interrupted fins in 10 rows 
3. Back plate 

4. left side Cabinet opening as inlet 

5. Two exhaust fans at right side of the Cabinet 
 

 

 

 
 

Fig.1: Electronic cabinet with interrupted fin heat sink 

3 

1 
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B. Meshing 
The model is meshed with Hexagonal elements. It consists of 133690 elements. Fig. 2 shows the 

cut plane of the Hexagonal meshed model.  

 
Fig.2: Cut plane of Hexagonal meshed model 

Fig. 3 shows the mesh convergence plot. The Residual monitors for continuity, momentum, k and 

epsilon are maintained to be 1e-3 and for energy maintained to be 1e-7. The results are converged 

at 87 iterations (see Fig. 3). 

 
Fig. 3: Mesh convergence plot 

 
C. Solution Methodology 
The Electronic enclosure is with uninterrupted fin heat sink and with two exhaust fans of 48 CFM 

(see eqn. 1). The heat sources are with heat flux boundary condition generating total heat of 
150W. The walls are with no slip condition andthe flow is considered to be incompressible and 

turbulent. Since flow is turbulent, k-epsilon turbulent model is solved for obtaining results and 

SIMPLE discretization scheme is used to solve for turbulent parameters and momentum 

equations. 
The total air flow requirement for the Electronic Cabinet in CFM, [4] is calculated using eqn.1 

and temperature rise in a cabinet is calculated using eqn. 2. 

Total CFM               ………….. eqn. 1    =  
   ̇     ……………………. eqn. 2   ̇          ………………………... eqn. 3 

Where, 

Q= Total heat dissipated in a cabinet in Watts  ̇= mass flow rate in kg/s  = Density of air= 1.2 kg/m3 

A= Area of inlet/outlet in m2 

V= Velocity at inlet or outlet in m/s   = Specific heat of air = 1005 J/kg. K    = Temperature rise in   



CSEIT184516  | Published - 14 April 2018 | March-April-2018 [ (4 ) 5 : 150-154 ] 

                    International Conference on New Horizons in Science Engineering Technology (NHSET-2018) 

                         International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

                     © 2018IJSRCSEIT | Volume 4 | Issue 2 | ISSN :2456-3307 

 

 153 

 
IV. MATHEMATICAL MODEL 

 

In Fluent, each and every elements of the meshed domain are converged for continuity, 
momentum and energy equations. Since the flow is considered to be turbulent, two more 

equations are converged i.e. k- epsilon turbulent equation model, where k is the turbulent kinetic 

energy and epsilon is the turbulent dissipation rate, [5]. 

 
The advantages of k- epsilon model, [6] are: 

 simplest turbulent model as it requires only initial/boundary condition for solution 

 Most widely validated and well established  
 Wide application in industrial relevant flows with excellent performance 

 

The limitations of k- epsilon model, [6] are: 

 More expensive 
 Poor performance for rotating, swirling and curved boundary flows 

 

V. RESULTS DISCUSSION AND VALIDATION 
 

The analysis and analytical results obtained for velocity, temperature, Temperature rise and 

pressure for Electronic Cabinet are discussed in this section and as follows: 

 
A. Velocity contour, vector and stream line plots 
 

Fig. 4 shows the velocity contour plot for an Electronic cabinet with interrupted fin heat sink. 
The maximum velocity of 13.37m/s was found at outlet. The velocity contour plot for an 

Electronic cabinet with continuous fin heat sink (not shown) shows maximum velocity at the 

outlet similar to Electronic cabinet with interrupted fin heat sink and its velocity found to be 

13.01 m/s.Also for both the cases the inlet velocity was approximately found to be 6 m/s. 
 

 
Fig. 4: Velocity contour plot for an Electronic cabinet with interrupted fin heat sink 

 

Fig. 5 and Fig. 6 shows the vector and stream line plot for an Electronic cabinet with interrupted 

fin heat sink; it signifies the direction of flow of the fluid and captures the circulation zones in the 
domain. 
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Fig. 5: Vector plot for an Electronic cabinet with interrupted fin heat sink 

 
Fig. 6: Stream line plot for an Electronic cabinet with interrupted fin heat sink 

 

Also analytically the result is validated for inlet velocity of the cabinet using eqn. 4. Analytical 

result shows inlet velocity of 5.64m/s and hence satisfies the analysis result. 
Considering flow to be incompressible Applying continuity equation for inlet and outlet of the 

cabinet, 

AiVi = AoVo ………….. eqn. 4 

Where, 
Ai and Ao are the areas of inlet and outlet in m2 

Vi and Vo are the velocity at inlet and outlet in m/s 

 
B. Temperature contour plots 
Fig. 7 shows the temperature contour plot for an Electronic cabinet with interrupted fin heat 

sink. The maximum temperature of 51.120C was found at heat source. The temperature contour 

plot for an Electronic cabinet with continuous fin heat sink (not shown) shows maximum 
temperature at the heat source similar to Electronic cabinet with interrupted fin heat sink and its 

temperature found to be 450C.Comparing both the cases, there is an increase in the temperature 

of heat source about 60C for an Electronic cabinet with interrupted fin heat sink. 
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Fig. 7: Temperature contour plot for an Electronic cabinet with interrupted fin heat sink 

 

C. Temperature rise 
Fig. 8 shows the Temperature contour plot highlighting temperatures at inlet and outlet of the 

cabinet with interrupted fin heat sink. The inlet temperature was found to be 200C andoutlet 
temperature approximately found to be 230C. Therefore temperature rise in a cabinet is about 30C. 

Also, temperature rise in a cabinet is calculated analytically using eqn. 2 and result shows the 

temperature rise of about 2.80C and hence satisfies the analysis result. The result obtained for 
temperature rise for the cabinet with continuous fin heat sink is same as the result of cabinet with 

interrupted fin heat sink. 

 

 
Fig. 8: Temperature contour plot highlighting temperatures at inlet and outlet of the cabinet with 

interrupted fin heat sink 

 
D. Pressure results 
The pressure contour plots were plotted for both Electronic cabinets with interrupted and 

continuous fin heat sink, the result obtained are tabulated as shown in Table 1. 
TABLE 1 

PRESSURE RESULTS AND PUMPING POWER REQUIREMENT 

Cabinet type Inlet pressure (pi) 

in N/m2 

Outlet pressure 

(po) in N/m2 

Pressure drop      in N/m2 

Pumping 

Power 
requirement 

(W)(see eqn. 5) 
Cabinet with 

interrupted fin heat 
sink  

-24.39 -97. 59 73.19 3.29 

Cabinet with 

continuous fin heat 

sink  

-18.63 -93.34 74. 701 3.36 
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In order to pump fluid in a steady state, the power requirement, [7] is given and calculated by: 

Power= ∫      = 
   ̇    ………….. eqn.5  

Where,    is pressure drop= pi – po in N/m2,  ̇ is mass flow rate in kg/s,   is density of fluid in kg/m3 
From Table 1, it can be observed that there is 2% reduction in pumping power cost for the cabinet 

with interrupted fin heat sink as because there is reduction in pressure drop for the cabinet with 

interrupted fin heat sink compared to Cabinet with continuous fin heat sink. The pressure 

contour plot forthe cabinet with interrupted fin heat sink is as shown in Fig. 9. 
 

 
Fig. 9: Pressure contour plot for the cabinet with interrupted fin heat sink 

 
VI. CONCLUSION 

 

CFD Analysis was carried out for the Electronic cabinet with interrupted and continuous fin heat 
sink and results obtained for the velocity, temperature, temperature rise and pressure were 

plotted and compared between both. Also the analysis results of temperature rise and inlet 

velocity is validated analytically and hence satisfies. Comparing results of velocity shows 

negligible difference among both the cases, where as temperature results shows that there is 
increase in temperature of heat source by 60C for an Electronic cabinet with interrupted fin heat 

sink. Though there is increase in temperature, the temperature rise of both the cabinets was found 

to be same and it is about 30C which is below 100C. Also pressure results were plotted, it was 
found that there is a reduced pressure drop for the Electronic cabinet with interrupted fin heat 

sink and therefore there is reduction in pumping power cost compared to Electronic cabinet with 

continuous fin heat sink. Also installation of interrupted reduces the overall weight of the 

Electronic system.  
 

Interrupted fin heat sink can be recommended for requirement of lower pumping power cost but 

not recommended for lower operating temperature application, as there is increase in heat source 
temperature and continuous fin heat sink can be recommended for applications where there is 

requirement of both lower pumping power cost and lower operating temperature. 

CFD tool is very effective in determining the velocity, temperature and pressures for Electronic 

cabinet problems and these results obtained become a ready reckoner for beginner engineers in 
decision making in provision to fins. Present work is not exhaustive; it can be extended further 

for different cases of analysis by varying fin numbers, fin shapes, fin size, and changing fan 

locations. Also analysis results can be experimentally validated. 
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ABSTRACT 

 

This paper presents a simple converter topology for driving a load with a single-phase AC supply. Using only six active 

switch IGBT‟s(FGH40N60SFD). The converter supplies balanced output voltages at rated frequency, the proposed 

control approaches are supported by test results. The convertor takes single phase supply and converts it into three 

phase supply with the help of thyristors. The single phase supply is first converted into dc supply by using rectifier 

again dc supply of rectifier is given to inverter where IGBT‟s are used and converts the dc supply again into three phase 
ac supply. In the proposed scheme, Arduino Uno/Mega ADK microcontroller interfaced with Scilab(5.5.2) is used to 

produce PWM signals. The PWM signals generated is given to IC FAN7392(driver IC) which drives the thyristors. 

Three phase machines can be run on this by converting single phase to three phase AC supply wherever three phase 

AC supply is absent. Three phase induction motor can be used as load for testing of the hardware. For example, electric 

vehicles. The experimental result showed that PWM pulses produced remained approximately constant and the 

hardware have satisfactorily converted the single phase power to three phase power supply. 

Keywords : Single Phase AC to Three Phase AC supply, IGBTs, drive system. 

 

I. INTRODUCTION 

 

In the past, single-phase to three-phase conversion 

systems were made possible by the connection of passive 

elements capacitors and reactors with autotransformer 

converters. Such kind of system presents well know 

disadvantages and limitations. So to overcome from this 

disadvantages the newly adopted thyristors and power 

electronics devices were used mainly thyristors like 

SCRs, MOSFETs, IGBTs etc.  
 Both have the advantages of simple structure and 

reasonably low cost.  The project is about „single phase to 

three phase conversion system using IGBTs. Since the 

beginning of the solid state power electronics, the 

semiconductor devices were the major technology used 

to drive the power processors. Looking at the 

semiconductor devices used in the former controlled 

rectifiers and comparing them with the new technologies 

it makes possible to figure out the astonishing 

Development. Beyond the improvement related to power 

switches, it was also identified a great activity in terms of 

the circuit topology innovations in the field of three-

phase to three-phase, single phase to single phase and 

three-phase to single phase conversion systems. The 

single-phase induction motor drives by the three-phase 

induction motor drives in some low-power industrial 

applications. When the three phase induction motor is 

driven by a single phase induction motor by rotary phase 

converters and autotransformer capacitor phase 

converters, this causes more loss as compared to the new 

this method. Motor drives constitute a predominant load 

for the agricultural sector. As most rural communities in 

the India are supplied with single-phase ac power, these 

drives have to be realized with single-phase motors, or 

with three phase motors (Induction Motors) driven by 

phase converters.  Autotransformer capacitor phase 

converters, however, cannot easily obtain balanced 

output voltage with reasonable cost, and rotary 

converters are heavy and have significant no-load losses, 

also both topologies have high inrush current during 

motor start up.  

  

The three-phase induction motors have some advantages 

in the machine efficiency, power factor, and torque 

ripples compared to their single-phase counterparts. 

Though the precise control of single phase induction 

motor is less complex in comparison to the three phase 

induction motor, but when the torque requirement is 

considered then three phase induction motor is the best 

choice. The applications for these motors cover almost 
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every stage of manufacturing and processing. It is not 

surprising to find that among all type of electric motors, 

Induction motor is so popular, when one considers its 

simplicity, reliability, and low cost.  

 

Therefore, it is desirable to replace the single-phase 

induction motor drives by the three-phase induction 

motor drives in some low-power industrial applications 

in some rural areas where only a single-phase utility is 

available, we should convert a single-phase to a three-

phase supply. This paper proposes an alternative solution 

for phase conversion with very low overall cost, 

moderate motor performance during start up and high 

steady-state performance at line frequency.  
  
Here we are using 16-bit Arduino microcontroller which 

yields enhanced operations, fewer system components, 

lower system cost and increased efficiency. The system is 

designed for driving medium power (1.5hp), 3-phase AC 

induction motors. Our work consist of a full bridge 

rectifier, a split capacitor dc bus, six active devices 

(IGBTs), Driver circuit (FAN 7392 IC) which drives the  

six thyristors, Arduino module interfaced with scilab to 

give the three phase controlled PWM output to the 

driver circuit. The developed hardware can be tested on a 

3-phase, 415V, 50Hz Induction motor or the inverted 

output and graph/waveforms are analyzed and studied on 

Digital Storage Oscilloscope. 

 

Scilab is an interpreted language. This generally allows to 

get faster development processes, because the user 

directly accesses a high-level language, with a rich set of 

features provided by the library. By this way, external 

libraries can be used as if they were a part of Scilab built-

in features. Scilab also interfaces Arduino. 

 

II. BLOCK DIAGRAM AND ITS EXPLANATION 

A. System Overview 

 

 
Figure 1- Block diagram of the system 

 

All the electronics or electrical components need power 

supply of AC supply. So, we are converting power from 

single phase into three phase AC supply. Using these 

three phase power supply, we can drive any motor. Block 

diagram of converting single phase to three phase power 

supply consist of input, rectifier, filter, inverter, load, 

driving stage, microcontroller, scilab and power supply as 

shown in figure 1. As we seen from the block diagram 

the first stage is input, input is given in two circuits, first 

one is given to rectifier and further towards the other 

and the second input is given to controller stage Since the 

input is first works in rectifier which converts the ac 

supply into pulsating dc but after rectification also having 

some ac contain. So to remove that filters are used 

consisting of inductors and capacitors which helps to 

eliminate the ac contain and gives nearly pure dc. 

Further the supply is given to inverter where IGBT's are 

connected. In addition with main power supply again 

energising stage is there which use to energise IGBT's i.e. 

DRIVING STAGE comprises of micro controller 

interfaced with scilab where simulations are made 

accordingly and supply is given to inverter stage as per 

the programmer's and circuit requirement. Afterwards 

the dc supply which is fed to inverter is converted into ac 

supply in the form of three wire i.e. three phase supply. 

After the conversion the three phase supply is given to 

load which is motor. In the sense of load the load may be 

a motor or any three phase load.  
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B. Power circuit design  

  

The power circuit designed contains full bridge rectifier 

with split capacitors assembly, full bridge inverter 

assembly. Single phase 230V, 50Hz AC supply is applied 

to the full bridge rectifier and IGBT. IGBT switches are 

protected against surge voltages using snubber circuit. 

This full bridge rectifier converts single phase AC input 

into DC which is filtered by capacitor. The pure DC 

supply is applied to the full bridge inverter which is 

made up of six IGBT switches. The output of the 3-phase 

inverter is given to induction motor. The energy that a 

switching power converter delivers to a motor is 

controlled by Pulse Width Modulated (PWM) signals 

applied to the gates of the switches. PWM signals are 

pulse trains with fixed frequency and magnitude and 

variable pulse width. The power circuit design is shown 

in figure 2. 

 
Figure 2- Power circuit diagram 

C. Driver Circuit Block 

            

The FAN 7392 is a monolithic high and low side gate 

driver IC, that can drive high speed MOSFET and IGBTs 

that operate up to +600V it has a buffered output stage 

with all NMOS transistors designed for high pulse 

current driving capability and minimum cross 

conduction. This processes high voltage and common 

mode noise cancelling techniques provide stable 

operation of the high side driver under high dv/dt noise 

circumstances. An advanced level shift circuit offers high 

side gate driver operation up to VS=9.8V (typical) for 

VBS=15V. Logic inputs are compatible with standard 

CMOS or LSTTL output, down to 3.3V logic. The high 

current and low output voltage drop feature makes this 

device suitable for half  and full bridge inverters, like 

switching mode power supply and high power DC-DC 

converter applications. Figure 3 shows the pin diagram 

for 14 pin and 16 pin IC. This IC can controls two 

thyristor gates. 

 

Figure 3- Pin diagram of FAN 7392/7392M 

Figure 4 and figure 5 shows the internal block diagram of 

FAN 7392 and FAN 7392M. 

 

 
Figure 4- Internal block diagram of  FAN 7392 

 
Figure 5- Internal block diagram of  FAN 7392M 

D. Scilab Simulation 

Download the following files from: 

HTTPS://ATOMS.SCILAB.ORG/ 
1. serial_0.4.1_5.5-1.bin. 

https://atoms.scilab.org/
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2. arduino_1.1-1.bin.x64.windows (suitable for your 

system). 

3. toolbox_arduino_v3 (from: 

https://github.com/fizcris/Scilab_Xcos_arduin
o_toolbox_david_MPU6050/blob/master/tool
box_arduino_v3/toolbox_arduino_v3.ino) 

 

Load toolbox_arduino_v3 to Arduino software. Also load 

serial_0.4.1_5.5-1.bin and arduino_1.1-

1.bin.x64.windows in scilab console window and run the 

program. 

 

Figure 6- Circuit for generation of PWM 

Used tools: 

 

All the tool are taken from the xcos palette. 

1. Signal Builder: This is used to generate 

triangular waveform of preferred frequency and 

amplitude. The specification can be changed 

according to the requirement. 

2. Sine wave generator: This generates a sine wave 

of preferred frequency and amplitude. The 

specification can be changed according to the 

requirement. Here we are giving comparing six 

sine wave generator at 60° phase angle. 

3. Relationalop: This tool compares the triangular 

wave form and the sine wave which results in 

PWM.  

4. Arduino Setup: Arduino card is choosed and the 

port number is setup. 

5. Arduino Digital Write Pin: The PWM is given to 

the respective Arduino pins. 

Figure 6 shows the simulation circuit that generates 

PWM needed Trigger the IGBT‟s gate. 

  

III. RESULTS AND DISCUSSION 

 

The output of the simulation is shown in figure 7 and 8 

that is given to driving circuit which drives the IGBTs at 

phase difference of 120° for three phase.  

 

 
Figure 7- Generated PWM for positive cycle 

https://github.com/fizcris/Scilab_Xcos_arduino_toolbox_david_MPU6050/blob/master/toolbox_arduino_v3/toolbox_arduino_v3.ino
https://github.com/fizcris/Scilab_Xcos_arduino_toolbox_david_MPU6050/blob/master/toolbox_arduino_v3/toolbox_arduino_v3.ino
https://github.com/fizcris/Scilab_Xcos_arduino_toolbox_david_MPU6050/blob/master/toolbox_arduino_v3/toolbox_arduino_v3.ino
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Figure 8- Generated PWM for negative cycle 

We can see a 30° phase shift between positive and 

negative cycle. The output is shown for single phase. 

Similarly, three phase PWM can be generated. 

 

IV. CONCLUSION 

 

Three phase asynchronous induction motors are widely 

used in industrial applications due to their features of low 

cost, high reliability and less maintenance. Due to the 

need for three-phase electricity in today's remote areas 

for agriculture work where three phase power is not 

available easily, in those areas these single phase to three 

phase converters are use full. Operating a three phase 

induction motor using single phase supply has been 

presented. 

 

The developed system is useful in remote areas where 

three phase supply is not available easily.  

 

Applications of single phase to three phase converter are:  

 

 Electric Vehicle. 

 In Irrigation Pumps for Agriculture purpose.  

 Rural Area Water Supply.  
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ABSTRACT 

Industrial automation is the use of control systems, such as computers or robots, and information 

technologies for handling different processes and machineries in an industry to replace a human 

being. It is the second step beyond mechanization in the scope of industrialization.This paper 

describes aboutSchneider Electric M340 PLC which is one of the most famous PLC in the 

world.Launched as one of the most innovative Programmable Logic Controllers developed to date, 

Modicon M340 continues to be perceived as a model basis of a modern-day automation platform, 

garnering recognition for its robust quality and high-end capabilities, including improved 

performance, compliance with the latest networking standards, and operational cost-efficiency. 

Designed for a widely range of process and machine management, it finds perfectly his place in 

numerous segments such as the Food & Beverage etc. 

 

I. INTRODUCTION  

 

PLC Background: 

present automation system comes in to existence through its various stages. In the past, automation is 

done through relays and contactor logics. Since the human intervention is more, the scope of errors 

was also more. But with the advent of microprocessors & microcontrollers several new tools as PLCs 

(Programmable Logic controllers) come in to use. These have reduced human intervention. Which in 

turn has increased accuracy, precision and efficiency.The PLC can be described as a control ladder 

comprising a sequence program. PLC sequence program consists of normally open and normally 

closed contacts connected in parallel or in series. It also has relay coils, which turns ON and OFF as 

the state of these contacts change. In this paper, about all aspects of these powerful and versatile tools 

and its applications to process automation has been discussed. 

 

PLC: A digitally operating electronic apparatus which uses a programming  memory for the     

internal storage of instructions for implementing specific functions such as logic, sequencing, timing, 

counting and arithmetic to control through digital or analog modules, various types of machines or 

process. 
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With the upcoming technologies and availability of motion control of electric drives, the application 

of Programmable Logic Controllers with power electronics in electrical machines has been 

introduced in the development of automation systems. 

 

The use of PLC in automation processes increases reliability, flexibility and reduction in production 

cost. Use of PLC interfaced with power converters, personal computers and other electric equipment 

makes industrial electric drive systems more accurate and efficient. PLCs have been gaining 

popularity on the factory floor and will probably remain preponderant in coming years. Most of this 

is because of the advantages they offer, like  

 Cost effective for controlling complex systems.  

 Flexible and can be reapplied to control other systems quickly and easily.  

 Computational abilities allow more sophisticated control. 

 Trouble shooting makes programming easier and reduce downtime.  

 Reliable components make these likely to operate for years before failure. 

 

The PLC was contrive in response to the needs of the American automotive manufacturing industry. 

Automotive industries were the first to adopt programmable logic controllers, where software 

alteration replaced the rewiring of hard-wired control panels when production models changed. In 

manufacturing automobiles, earlier, the control, sequencing and the safety interlock logic was 

accomplished using hundreds or thousands of relays. 

 

Programming: 

The programming technique for the first PLCs were based on relay logic wiring schematics. This 

eliminated the need to teach the technicians, electricians and engineers how to program a computer 

but this method has stuck and it is the most common technique for programming PLCs today. 

According to IEC 61131-3 five programming languages is defined for programmable control systems: 

LD (Ladder diagram), ST (Structured text), SFC (Sequential function chart), FBD (Function block 

diagram), and IL (Instruction list, similar to assembly language). 

 

Industrial automation systems 

Industrial automation is the use of computer and machinery aided systems to operate the various 

industrial operations in well controlled manner. Based on the operations involved, the industrial 

automation systems are majorly divided into two types; (a) Manufacturing automation and (b) Process 

plant automation systems.  

 

a)Manufacturing Automation System: The manufacturing industries make the product out of raw 

materials using robotics/machines. Some of these manufacturing industries include paper making, 

glass and ceramic, textile and clothing, food and beverages, etc. New trends in manufacturing systems 
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have been using automation systems at every stage such as material handling, machining, assembling, 

inspection and packaging. With the computer aided control and industrial robotic systems, the 

manufacturing automation becomes very flexible and efficient.  

b)Process Plant Automation: In process industries, the product results from many chemical processes 

based on some raw materials, some of the industries are cement industry, pharmaceutical, paper 

industry, petrochemical, etc. Thus the overall process plant is automated to produce the high quality, 

more productive, high reliable control of the physical process variables. 

 

Salient features of PLC: 

The various functionalities of programmable logic controller has evolved over the years to include 

sequential relay control, distributed control systems, process control, motion control and networking. 

PLC control system is that it regards PLC as control key component, utilize special I/O module to 

form hardware of control system with a small amount of measurement and peripheral circuit, to 

realize control to the whole system through programming.  

 

A. High Reliability:In order to make PLC work stably and efficiently in strong interferential 

conditions, very high reliability and strong anti-interference quality are the most important features 

of PLC. Software control instead of relay control can decrease faults which are brought about by 

original electric contact spot outdoor working badly. Industrial grade components made by advance 

processing technology can sustain interferences, and self-diagnosis measures of watchdog circuit for 

protecting memory can improve performance of PLC greatly. 

 

B. Good Flexibility: There are various programming languages for PLC including ladder diagram, 

SFC, STL, ST and soon. If operator can master any one of the programming languages, he can operate 

PLC well. The person who want to use PLC has a good choice. Based on engineering practice, 

function and capacity can be expanded by expanding number of module, so PLC has a good 

flexibility. 5.3 Quality of Strong Easy-Operating It is very easy to change or modify and edit program 

for PLC by computer offline or online. It is very easy to find out where the fault occurred by showing 

the information of fault location and function of self-diagnosing and all these makes repair and 

maintenance for PLC easier. Configuring PLC is very easy due to modularization, standardization and 

serialization of PLC.  

 

C. Scan Time: A PLC program is generally executed continuously as long as the controlled system is 

running. The status of physical input signals is copied to an area of memory accessible to the 

processor, sometimes called the "I/O Image Table". The program is then executed from its first 

instruction down to the last one as shown in figure 4. It takes some time for the processor of the PLC 

to evaluate all the instructions and update the I/O image table with the status of outputs. This time of 

scan may be a few milliseconds for a small program or on a fast processor, but older PLCs executing 
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very large programs could take much longer i.e. up to 100 ms to execute the program [2]. If the scan 

time were too long, the response of the PLC to process conditions would be sluggish to be useful. 

 
Figure 1. PLC Scan Cycle 

 

D. Input scan: During the input scan, the current status of every signal from input module is stored in 

the input image (memory) table, making it up-to-date. Thus all the status of the input devices (which 

in turn is connected to the input module) are updated in the input memory table of PLC.  

 

E. Program scan: Following the input scan, the CPU enters into its user program execution, or 

program scan. The execution involves starting from the first program 

instruction, then moving on to the second instruction and carrying out its execution sequence. This 

continues up to the last instruction of the program. Throughout the user-program execution, the CPU 

continually keeps its output image (memory) table up-to-date.  

 

F. Output scan: During program scan, the output modules are not updated continually. Instead, the 

entire output image table is transferred to the output modules during the output scan which comes 

after the program execution. Thus the output devices are activated accordingly during the output 

scan. 

 

Modicon M340 automation platform: 

The Modicon M340 automation platform comprises:  

1. BMXP34 dedicated processors  

2. A Modicon X80 I/O platform, in a single-rack or multi-rack configuration  

3. Additional modules for various applications (application-specific,Ethernet communication, 

etc.) 

 

M340 Processor: 

Seven processor models comprising 1 Standard model (BMXP341000) and 6 Performance models 

(BMXP3420*** or BMXP3420***CL) with different memory capacities, processing speeds, number of 

I/O and number and type of communication ports.  
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Depending on the model, they offer a maximum (non-cumulative) of:  

a) 512 to 1024 discrete I/O 

 b)128 to 256 analog I/O 

c) 20 to 36 application-specific channels (1) (process counter, motion control and serial link, or RTU) 

d) 0 to 3 Ethernet Modbus/TCP or Ethernet/IP networks (with or without integrated port and 2 

network modules maximum) 

e) 4 “Full Extended master” AS-Interface V3 actuator/sensor buses, profile M4.0  

Depending on the model, Modicon M340 processors include:  

 

1.A 10BASE-T/100BASE-TX Ethernet Modbus/TCP port  

2. A CANopen machine and installation bus port  

3. A Modbus or Character mode serial link port. 

 

Each processor has a USB TER port (for connecting a programming terminal or a Magelis GTO, GTW, 

STU/STO, etc. HMI terminal). 

It is supplied with a memory card (3) that enables: 

1.  Backing up the application (program, symbols and constants)  

2. Activating a standard Web server for the Transparent Ready class B10 integrated Ethernet 

port (depending on the model) Depending on the model, this memory card can be replaced 

by another type of memory card (to be ordered separately) that supports:  

3. Backing up the application and activation of the standard Web server (same as other card). 

4. An 8 MB or 128 MB storage area, depending on the option card, for storing additional data 

organized in a file system (directories and sub-directories). 

 

Modicon X80 I/O platform and additional modules: 

The “Modicon X80 I/O” platform, which can be used “In Rack” and/or in a remote I/O (RIO) drop 
depending on the type of automation platform (Modicon M340, Quantum, etc.), comprises the 

following elements:  

a) Racks with 4, 6, 8 or 12 slots (2a) 

b) Power supply modules, c or a (2b) b Discrete and analog I/O modules (2c)  

c) RTU (Remote Terminal Unit), serial link, AS-Interface, etc. communication modules (2d) 

Additional dedicated modules for the Modicon M340 automation platform that can be used 

on “Modicon X80 I/O” are also available:  

d)  Application-specific b Ethernet (Modbus/TCP, Ethernet/IP) communication module External 

modules, such as Modbus Plus, Profibus DP/PA communication as well as modules offered as 

part of CAPP (Collaboration Automation Partner Program), are also available. 
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Design and setup of Modicon M340 applications: 

 

 

 

 
Figure 1.  M340 PLC 

Setting up of the Modicon M340 automation platform processors requires the use one of the 

following software packages: 

a) Unity Pro Small programming software  

b) Unity Pro Medium, Large or Extra Large programming software or identical to that used to 

set up Modicon Premium and Modicon Quantum automation platforms  

c) Optionally, depending on requirements, Unity EFB toolkit software for developing EF and 

EFB function block libraries in C language  

The function block software libraries provide Modicon M340 processors with the processing 

capability required to meet the specialized requirements within themotion control with multiple 

independent axis functions domain (MFB “Motion Function Blocks” library). The axes are 
controlled by Altivar 312/71 variable speed drives or Lexium 32 servo drives connected on the 

CANopen machine bus. 
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Unity Pro Programming Software: 

 

 

 

 

 

Unity Prois the commonprogramming, debugging and operating software for the Premium, M580, 

M340, and Momentum PLC ranges. Withits five IEC61131-3 languages (ladder, FBD, SFC, IL and ST), 

all debugtools and diagnostics. Unity Prois made for increasingyourdevelopmentproductivity and ease 

of maintenance. 

An application developmentunderUnity Prorequiresseveralsteps: 

1. Configure a PLC's hardware for yourproject, 

2.Assign and declare all the I/O and variables that are used, 

3. Program your application with Ladder Diagram Language, 

4. Transfer an application in the PLC memory and test it 

 

Create a project and configure the PLC 

The first step of the PLC programmingusingUnity Pro Software consists in the configuration of the 

PLC's hardware regarding the real PLC configuration used in process. 

Programming PLC with LD languageunderUnity Pro : 

Create a ladder diagram section 

In this, usingUnity Pro, wewilldiscover how to create a section (aworksheet) in  

whichwe can enter the ladder diagramwhichis the application designed. 

 

Figure 2.  Ladder Editor Menu                                     Figure 3. Input Program Example 
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Figure 4. Output Program Example 

 

Areas of application of PLC : 

Every system or machine has a controller. Depending on the type of technologyused, controllers can 

bedividedintopneumatic, hydraulic, electrical and electroniccontrollers. Frequently, a combination of 

different technologies isused. Furthermore, differentiationis made betweenhardwired programmable 

(e.g. wiring of electromechanical or electronic components) and programmable logiccontrollers. The 

first isusedprimarily in cases, whereanyreprogramming by the user is out of the question and the job 

size warrants the development of a specialcontroller. Typical applications for suchcontrollers can 

befound in automaticwashing machines, video cameras, and cars. However, if the job size does not 

warrant the development of a specialcontroller or if the user is to have the facility of making simple 

or independent program changes, or of setting timers and counters, then the use of a 

universalcontroller, where the program iswritten to an electronic memory, is the preferred option. 

The PLC representssuch a universalcontroller. It can beused for different applications and, via the 

program installed in its memory, provides the user with a simple means of changing, extending and 

optimizing controlprocesses. The original task of a PLC involved the interconnection of input 

signalsaccording to a specified program and, if "true", to switch the corresponding output. Boolean 

algebraforms the mathematical basis for thisoperation, whichrecognizespreciselytwodefinedstatuses 

of one variable: "0" and "1" [2]. Proper application of a PLC beginswith an economical justification 

analysis. The batch process in chemical, cement, food and paper industries are sequential in nature, 

requiring time or eventbaseddecisions. PLCs are beingused more and more as total solutions to a 



CSEIT184521  | Published - 14 April 2018 | March-April-2018 [ (4 ) 5 : 174-183] 

International Conference on New Horizons in Science Engineering Technology (NHSET-2018) 

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2018 IJSRCSEIT | Volume 4 | Issue 5 | ISSN : 2456-3307 

 

 
182 

batch problem in these industries ratherthanjust a tool. In batch process savings are 

developedprincipally fromreduced cycle time and scheduling. Cycle automation providesrigid control 

enforcement to eliminatehumanerrors and to minimizemanual interventions. Increasedefficiency in 

schedulingis to beexpected with maximum utilization of equipment and reduction of 

fluctuatingdemands on criticalequipment. In large process plants PLCs are beingincreasinglyused for 

automatic start up and shutdown of criticalequipment. A PLC ensuresthat an 

equipmentcannotbestartedunless all the permissive conditions for safe start have been established. It 

also monitors the conditions necessary for safe running of the equipment and trip the 

equipmentwheneveranyabnormality in the system isdetected. 

Advantages of programmable controller 

Less operating time.  

 High flexibility 

 Absence of moving parts increasesreliability 

 Low power consumption 

Easy maintenance due to modular fabrication.  

Easyfaultfinding and diagnostic.  

 Capable of handling of complicatedlogicoperations. 

 Good documentation and data collectingfacilities 

Easy to interface with the process computers.  

Analog signal handling and close loop control programming.  

Timer, counter and comparator can beprogrammed. 

 

II. CONCLUSION 

 

 The automation of the design of industrial control processes has a history of strong innovations. In 

this paper the concept of Programmable logic controllers and its applications are discussed. PLC 

applications are typically highly customized systems so the cost of a packaged PLC is less compared to 

the cost of a specific custom-built controller design. Development of small modular structure 

incomparison with earlier structures have increased the flexibility of PLC configurations, PLC 

computing, scan time, data processing, network communication, graphics display, and other 

functions. The PLC programming tools are constantly developing, so it can be used more widely in 

the applications of numerical control technology, control of machining center which will be more 

flexible and reliable. 
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ABSTRACT 
 

The idea of the project is to build a prototype for monitoring and control of complex electrical systems. The 

proposed system includes various system nodes that constantly monitor different parameters such as voltage, 

current and temperature in an electrical system. The sensed data from node is transmitted using sink node using 

Zigbee module. the data from sink node send to the Thingspeak cloud and mobile app. This application is a 

perfect example of IOT based monitoring and control system. 

Keywords: Zigbee, ARM7, Thingspeak cloud, Arduino, Wifi, Blynk app 

 

I. INTRODUCTION  
 
The technology used in the system is wireless sensor network. Wireless sensor network refers to a group of 

spatially dispersed and dedicated sensors for monitoring and recording the physical conditions of the 

environment and organising the collected data at a central location. Sometimes they are called as dust networks, 

referring to minute sensors as small as dust. The proposed system consists of two nodes(substations) with inhouse 

voltage, temperature and current sensors connected to a sink node(Base station) through ZigBee module which 

acts as a data transfer device.The sink node in turn interacts with the thingspeak cloud for continuous updation 

of system parameters.An administrator uses a mobile app for monitoring the cloud and subsequently control the 

adverse condition existing in substation. Three sensors are connected to Arm7 microcontroller to measure 

voltage, temperature and current from transformer which is connected to load through relay. The temperature 

sensor used is LM35.Three zigbees are used here. Two zigbees are used as routers and one is used as coordinator. 

The data from the routers is transferred to the coordinator using serial communication. The ZigBee routers 

function as ZigBee transmitters and the coordinator functions as ZigBee receiver. ARM7 is used in the 

transmitter side in both the nodes. It is an advanced RISC machine which is 32 bit microprocessor. It is high 

performing, low power consuming with Von Neumann architecture. The sensed data is transferred from the 

ZigBee receiver to the thingspeak cloud using WiFi module. The data is stored in the thingspeak cloud which can 

easily be viewed by the administrator. 

 

If any of the values exceed the threshold values, immediately the buzzer alerts, notification is sent to cloud and 

mobile app. Administrator turns off the relay as soon as notification is received . By doing so,the node and load 

are protected. 
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II. WORKING 

 

Two nodes are taken in this project. Various parameters such as voltage, current and temperature are sensed. 

Since these parameters are analog in nature, they are converted into digital values by ARM7 Controller. The pins 

P0.4 used for temperature, P0.28 for voltage, P0.29 for temperature are used. The measured values are sent to 

zigbee transmitter via UART communication(serial communication). 

 

The digital values are received by the zigbee receiver. The receiver values are further sent to the arduino 

microcontroller board. The values are sent to the thingspeak cloud from arduino via a in built wifi module.The 

various parameter values are displayed and stored in thingspeak cloud and mobile app. 

 

The values can be viewed in the mobile by the Blynk App in real time. A threshold values is set to all the  

parameters. If any of these parameters exceed the threshold level, the buzzer will 

alert and alert notification message is sent from node to sink node from sink node to thingspeak cloud and alert 

notification will be displayed in blynk app. Administrator turns off the relay as soon as notification is received . 

Thus preventing the nodes from any electric damage. 
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Figure 2.1 

A current sensor is a device that detects electric current in a wire, and generates a signal proportional to that 

current. The generated signal could be analog voltage or current or even a digital output. The generated signal 

can be then used to display the measured current in an ammeter, or can be stored for further analysis in a data 

acquisition system, or can be used for the purpose of control. 

 

Temperature sensor: 

 
Figure 2.1 

 

III. PROTOTYPE CONSTITUENTS  

 

Voltage Sensor : 

 
Figure 3.1 

 

In general,a temperature sensor is a device which is designed specifically to measure the hotness or coldness of 

an object.LM35 is a precision IC temperature sensor with its output proportional to the temperature (in 

°C).With LM35,the temperature can be measured more accurately than with a thermistor. It also possess low 

self heating and does not cause more than 0.1 °C temperature rise in still air. The operating temperature range is 

from -55°C to 150°C.The LM35’s low output impedance,linear output, and precise inherent calibration make 

interfacing to readout or control circuitry especially easy.It has find its applications on power supplies,battery 

management,appliances. 

ARM7 board : 
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Figure 3.2 

 

Voltage sensors are basically a device which can sense or identify and react to certain types of electrical or some 

optical signals. Implementation of voltage sensor and current sensor techniques has become an excellent choice 

to the conventional current and voltage measurement methods 

 

Current sensor: 

 

ARM, previously Advanced RISC Machine, originally Acorn RISC Machine, is a family of reduced instruction 

set computing (RISC) architectures for computer processors, configured for various environments. British 

company ARM 

Holdings develops the architecture and licenses it to other companies, who design their own products that 

implement one of those architectures—including systems-on-chips (SoC) and systems-on-modules (SoM) that 

incorporate memory, interfaces, radios, etc. It also designs cores that implement this instruction set and licenses 

these designs to a number of companies that incorporate those core designs into their own products. 

 

Processors that have a RISC architecture typically require fewer transistors than those with a complex 

instruction set computing (CISC) architecture (such as the x86 processors found in most personal computers), 

which improves cost, power consumption, and heat dissipation. These characteristics are desirable for light, 

portable, battery-powered devices—including smartphones,laptops and tablet computers, and other embedded 

systems.[3][4][5] For supercomputers,which consume large amounts of electricity, ARM could also be a power-

efficient solution.[6] 

 

ARM Holdings periodically releases updates to architectures and core designs. All of them support a 32-bit 

address space (only pre-ARMv3 chips, made before ARM Holdings was formed, as in original Acorn 

Archimedes, had smaller) and 32-bit arithmetic; instructions for ARM Holdings' cores have 32-bit fixed-length 

instructions, but later versions of the architecture also support a variable-length instruction set that provides 

both 32- and 16-bit instructions for improved code density.Some older cores can also provide hardware 

execution of Java bytecodes. The ARMv8-A architecture, announced in October 2011,[7] adds support for a 64-

bit address space and 64-bit arithmetic with its new 32-bit fixed-length instruction set. 

 

With over 100 billion ARM processors produced as of 2017, ARM is the most widely used instruction set 

architecture in terms of quantity produced.[8][9][10][11][12]Currently, the widely used Cortex cores, older 

https://en.wikipedia.org/wiki/Reduced_instruction_set_computing
https://en.wikipedia.org/wiki/Reduced_instruction_set_computing
https://en.wikipedia.org/wiki/Reduced_instruction_set_computing
https://en.wikipedia.org/wiki/Instruction_set
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/ARM_Holdings
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"classic" cores, and specialized SecurCore cores variants are available for each of these to include or exclude 

optional capabilities. 

Arduino board : 

 
Figure 3.3 

 

Arduino is an open source computer hardware and software company, project, and user community that designs 

and manufactures single-board microcontroller and microcontroller 

 

kits for building digital devices and interactive objects that can sense and control objects in the physical and 

digital world. The project's products are distributed as open-source hardware and software, which are licensed 

under the GNU Lesser General Public License (LGPL) or the GNU General Public License (GPL),[1] permitting 

the manufacture of Arduino boards and software distribution by anyone. Arduino boards are available 

commercially in preassembled form, or as do-it-yourself (DIY) kits. 

 

Arduino board designs use a variety of microprocessors and controllers. The boards are equipped with sets of 

digital and analog input/output (I/O) pins that may be interfaced to various expansion boards or Breadboards (

shields) and other circuits. The boards feature serial communications interfaces, including Universal Serial Bus 

(USB) on some models, which are also used for loading programs from personal computers. The microcontrollers 

are typically programmed using a dialect of features from the programming languages C and C++. In addition to 

using traditional compiler toolchains, the Arduino project provides an integrated development environment 

(IDE) based on the Processinglanguage project. 

 

Zigbee : 

 
 

Figure 3.4 

 

Zigbee is an IEEE 802.15.4-based specification for a suite of high-level communication protocols used to create 

personal area networks with small, low-power digital radios,such as for home automation, medical device data 

https://en.wikipedia.org/wiki/Single-board_microcontroller
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Open-source_hardware
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/GNU_Lesser_General_Public_License
https://en.wikipedia.org/wiki/GNU_Lesser_General_Public_License
https://en.wikipedia.org/wiki/GNU_General_Public_License
https://en.wikipedia.org/wiki/Arduino#cite_note-1
https://en.wikipedia.org/wiki/Do-it-yourself
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Breadboard
https://en.wikipedia.org/wiki/Universal_Serial_Bus
https://en.wikipedia.org/wiki/Universal_Serial_Bus
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C%2B%2B
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Processing_(programming_language)
https://en.wikipedia.org/wiki/IEEE_802.15.4
https://en.wikipedia.org/wiki/Specification_(technical_standard)
https://en.wikipedia.org/wiki/Personal_area_network
https://en.wikipedia.org/wiki/Personal_area_network
https://en.wikipedia.org/wiki/Personal_area_network
https://en.wikipedia.org/wiki/Personal_area_network
https://en.wikipedia.org/wiki/Digital_radio
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collection, and other low-power low-bandwidth needs, designed for small scale projects which need wireless 

connection. Hence, Zigbee is a low-power, low data rate, and close proximity (i.e., personal area) wireless ad hoc 

network. 

 

The technology defined by the Zigbee specification is intended to be simpler and less expensive than other 

wireless personal area networks (WPANs), such as Bluetooth or more general wireless networking such as Wi-Fi

. Applications include wireless light switches, home energy monitors, traffic management systems, and other 

consumer and industrial equipment that requires short-range low-rate wireless data transfer. 

 

Its low power consumption limits transmission distances to 10–100 meters line-of-sight, depending on power 

output and 

https://en.wikipedia.org/wiki/Wireless_ad_hoc_network
https://en.wikipedia.org/wiki/Wireless_ad_hoc_network
https://en.wikipedia.org/wiki/Wireless_personal_area_network
https://en.wikipedia.org/wiki/Wireless_personal_area_network
https://en.wikipedia.org/wiki/Wireless_personal_area_network
https://en.wikipedia.org/wiki/Wireless_personal_area_network
https://en.wikipedia.org/wiki/Bluetooth
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Home_energy_monitor
https://en.wikipedia.org/wiki/Line-of-sight_propagation
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environmental characteristics.[1] Zigbee devices can transmit data over long distances by passing data through a 

mesh network of intermediate devices to reach more distant ones. Zigbee is typically used in low data rate 

applications that require long battery life and secure networking (Zigbee networks are secured by 128 bit 

symmetric encryption keys.) Zigbee has a defined rate of 250 kbit/s, best suited for intermittent data 

transmissions from a sensor or input device. 

 

ThingSpeak cloud : 

 
Figure 3.5 

 

According to its developers, "ThingSpeak is an open source Internet of Things (IoT) application and API to store 

and retrieve data from things using the HTTP protocol over the Internet or via a Local Area Network. 

ThingSpeak enables the creation of sensor logging applications, location tracking applications, and a social 

network of things with status updates".[2] 

 

ThingSpeak was originally launched by ioBridge in 2010 as a service in support of IoT applications.[3] 

 

ThingSpeak has integrated support from the numerical computing software MATLAB from MathWorks,[4] 

allowing ThingSpeak users to analyze and visualize uploaded data using Matlab without requiring the purchase 

of a Matlab license from Mathworks. 

 

ThingSpeak has a close relationship with Mathworks,Inc. In fact, all of the ThingSpeak documentation is 

incorporated into the Mathworks' Matlab documentation site and even enabling registered Mathworks user 

accounts as valid login credentials on the ThingSpeak website.[5] The terms of service[6] and privacy policy[7]of 

ThingSpeak.com are between the agreeing user and Mathworks, Inc. 

 

 

Blynk app : 

https://en.wikipedia.org/wiki/Zigbee#cite_note-specs-1
https://en.wikipedia.org/wiki/Mesh_networking
https://en.wikipedia.org/wiki/Mesh_networking
https://en.wikipedia.org/wiki/Mesh_networking
https://en.wikipedia.org/wiki/Mesh_networking
https://en.wikipedia.org/wiki/Symmetric-key_algorithm
https://en.wikipedia.org/wiki/Symmetric-key_algorithm
https://en.wikipedia.org/wiki/Symmetric-key_algorithm
https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Internet_of_Things
https://en.wikipedia.org/wiki/API
https://en.wikipedia.org/wiki/HTTP
https://en.wikipedia.org/wiki/ThingSpeak#cite_note-2
https://en.wikipedia.org/wiki/ThingSpeak#cite_note-3
https://en.wikipedia.org/wiki/MATLAB
https://en.wikipedia.org/wiki/MathWorks
https://en.wikipedia.org/wiki/ThingSpeak#cite_note-4
https://en.wikipedia.org/wiki/ThingSpeak#cite_note-4
https://en.wikipedia.org/wiki/Mathworks
https://www.mathworks.com/help/thingspeak/
https://en.wikipedia.org/wiki/ThingSpeak#cite_note-5
https://en.wikipedia.org/wiki/ThingSpeak#cite_note-6
https://en.wikipedia.org/wiki/ThingSpeak#cite_note-7
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Figure 3.6 

 

 

Blynk is a Platform with iOS and Android apps to control Arduino, Raspberry Pi and the likes over the Internet. 

It's a digital dashboard where you can build a graphic interface for your project by simply dragging and dropping 

widgets. 

It's really simple to set everything up and you'll start tinkering in less than 5 mins. 

Blynk is not tied to some specific board or shield. Instead, it's supporting hardware of your choice. Whether 

your Arduino or Raspberry Pi is linked to the Internet over Wi-Fi, Ethernet or this new ESP8266 chip, Blynk 

will get you online and ready for the Internet Of Your Things. 

 

IV. PROTOTYPE BUILDING/RESULTS 

 

Following is the prototype for the proposed system: 

 
Figure 4.1 

http://www.blynk.cc/getting-started
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Figure 4.2 

The above figure shows the values of sensed parameters at sensor nodes. 

 

V. CONCLUSION 

 

A prototype is built for monitoring and control of complex electrical system. The system constantly monitors 

different parameters such as voltage, temperature and current in an electrical system. The supervision and 

control of substation using Internet of Things(IOT) has been experimentally proven by connecting relay to 

transformer. This control system is modelled for multiple output and input arrangements for substation 

applications. There are different drawbacks of existing system like difficulty in wiring, high maintenance cost 

and limitations of control range of the system. This system overcomes the limitations of the existing system. This 

system is suitable for real time monitoring of substation parameters. Remote monitoring and controlling is 

possible. The measured parameters are displayed and stored in the Thingspeak cloud and mobile app(Blynk app). 

Threshold level is set for the parameters. If any of these parameters exceed the threshold level, buzzer is alerted 

and the relay is turned off. Hence, the load is prevented from electrical damage. 

 

VI. FUTURE SCOPE 

 

The future work includes increasing the distance between monitoring and control section by increasing the 

number of nodes i.e. creating star, mesh topology etc. The other parameters of substation such as circuit breaker 

can also be monitored and automatic control of the system can be included in future work. 

 

Using this system as framework the system can be expanded for energy monitoring, or weather stations. This 

kind of a system can be the best alternative where human invasion is impossible or dangerous, and it can also be 

implemented for environmental monitoring with respective changes. 
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ABSTRACT 

The scenario today in taking care of elderlypeople and other groups of people who need 

continuous medical attention involves assisting them with the right medication at the right 

moment of time. To enable these set of people to take medication on their own without the 

assistance of another individual is the main aim of this proposed paper. The proposed system is 

said to have inculcated Assistive technology which provides means of assistance by use of 

rehabilitative devices to people with varies disabilities. Assistive technology(AT) aims at 

promoting independence of the people by actually enabling them to perform varies tasks with 

ease which they were unable to perform otherwise. Assistive technology provides means of 

enhancing the lifestyle of people by providing assistance. On a reality check today not everyone is 

able to access AT catering to reasons like high costs, less awareness and less availability of the 

varies assistive devices. But it has been estimated that by 2050, a major portion of the society will 

be running on AT devices. In this paper we have proposed an approach advancing towards using 

AT devices. There has been usage of open source technologies and gives a new organised manner 

of taking medication dosages."Flexible compartment smart pillbox" basically allows the 

organization of several medication schedules that health disorders presented in elderly people and 

other groups of people require. The proposed system includes a buzzer along with an automatic 

pill dispensing system, user-friendly display interface and a notification system that uses a WIFI 

module. ARM-7 is taken as the principal controller. The development of this device is mainly 

focused on supporting elderly people and other groups of people who may have the needfor an 

assisted care. 

Keywords: Assistive technology, IoT, ARM7, smart pill box 

 

I. INTRODUCTION 

 

Assistive care area has become a significant field in medical sciences. The World Health 

Organization (WHO) defines Assistive Technology (AT) "As systems and services related to 

delivery of assistive products that enables people to live healthy, productive, independent, and 

dignified lives, and also able to participate in education, the market labour and civic 

life"[1].Priority groups on medical area (which could vary according to the location) are; 

pregnant, personnel withintellectual and development disabilities, also people with special needs, 

individuals with catastrophic diseases, kids, and elderly[2]. All of them could be benefited from 

assistive technology in order to reduce the need for formal health services. Then, as estimated by 

2050, more than 2 billion people will be in need of at least 1 assistive product with many elderly 
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needing 2 or more [3]. Elderly, those aged 60 or above, are said to make important contributions 

as family members, active economy participants, volunteers. Though some people aged well, 

many of others become frail and sensitive and some of them at risk of disease and a expensive 

dependence [4]. Especially, people suffering withdementia and cognitive disorders have become a 

common health problem. This is mainly because of the natural aging which is said to increase 

chronic diseases [5]. There are health problems which require dosages of varies medication to be 

given many times in a day. Brain troubles are common due to the brain tissues deteriorating and it 

ends among things in problems to remind the time to take the medication [6]. The practice 

carried for dispensing medication to a patient is to allow the patient to take the medication by 

himself, or vest these responsibilities to a keeper or a doctor concerned. The administration by 

nurses and doctors is often expensive and impractical for the administrating of medicine within 

home. Taking wrong dosages or forgetting to take medication is a common issue in elderly 

patients who are generally lonely and lose track of time [7]. Nowadays there are systems which 

schedule alarm clocks or even apps mainly designed to schedule and notify medication's time in 

mobilephones. Also there are pill organizers which are commonly used by patients to save and 

remind by themselves dosages. The disadvantages of those systems are; Firstly, there are not 

medication (pills) stored and secondly it doesn't have an alarm system. Electronic developments 

covering these requirements and aspects have resulted in pill boxes or dispensers, many of pill 

dispensers with only alert systems to notify the patients as alarms (sound alerts) or lights, and 

other costly ones with mechanical dispense systems but none without reports about the varies 

scheduled dosages. This lack of availability of patient-related information can cause many errors 

in healthcare. The usage of new information and communication technologies (ICTs) could 

increase it's essential for patient safety andthe accessibility of medical information [8]. Internet of 

things (loT) which is a global network infrastructure, links physical and virtual objects through 

the exploitation of data capture and communications capabilities. The connectivity of the varies 

sensors and other healthcare devices (loT) plays an significant role in care of patients, as it allows 

to getaccess in real-time of medical information. Therefore, the study and development of an 

effective Healthcare/loT gateway driven could be crucial in patient care. The creation of 

alternatives of AT devices looks necessary and promising due to which today only 1 in 10 people 

have the access to AT due to high expenses and a less awareness, and less availability, personal 

training. The introduction of AT devices along with loT could lead us to a future where 

significant information of patients would be available anytime and anywhere, in order to make a 

right treatment decision and to prevent calamities. In this paper, we propose an approach related 

to the design of AT device, to give a new choice of taking medication dosages which uses new 

technologies linked to free hardware and software, with a low cost which does not have 

limitations on functions and licenses. This programmable device has been built with 

consideration to quality attributes (e.g., usability, reliability), which allow the organization of 

several medication schedules that health disorders used to present in elderly require. This device 

is mainly focused on the support to elderly people due to this special and sensible group for 

assisted care required for them.  
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II. EXISTING SYSTEM 

 

A combination between electronic and mechanical pill boxes or dispensers is presented. It’s been 

included that certain traditional pills organizers, which represent the first step in these 

developments and have enabled us to obtain the ideas required for the designing of useful patterns 

in development of this solution. 

 

In [9] is presented a pill dispenser which has different prescribed administration schedules. It 

includes a plurality of pill storage compartments, each of them capable of holding more than one 

pill. This device has a pill detector and generates a signal to alert patients to take the prescribed 

medicine. There are twelve storage compartments, arranged in a ring about a vertically rotating 

wheel. However, the limitation to this solution was that this pill dispenser could only hold doses 

for 24- hours 

 

A current design presented in Cheyene[10], presents a device that enables the storing and 

dispensing of pills and various other supplements (i.e., food, drug, supplements, liquids, powders 

or pills). This device is said to work as an alarm clock and may work with blisterpacked pills or 

alternatively use an encapsulated compartment to hold and dispense loose pills. Also, it can be 

connected by wireless means to external environments (cellphones, computers). But, this device 

does not allow the basic management of several dosages and different kind of pills. 

 

In providinganother solution was the e-pill [11]. It had in its stock various alternatives to organize 

and dispense pills, which can be mentioned especiallyin two ways: i) A device mainlydesigned to 

dispense pills composed by 2 medication trays, and 3 day-dosage discs. It hada circumference 

shape and it had turning compartments for each of the scheduled dosage time. The scheduled 

dosages are dispensed when an alarm is activated, this device does not use referential diseases, just 

use dosages per days, and is also not programmable for any particular schedule; ii) it is a reminder 

medication product mainly focused on patients, caregivers or medical health professionals. This 

device locks automatically and includes 2 keys. For patients trying to get medications prior it’s 
time there is tamper resistant provided. This device considers supplying pills for one week, four 

times per day. Also it has alarm and text message reminders.Disadvantages perceived are to close 

device by interaction of keeper and is not independent. As far as we know, more than it has been 

described before, there are many solutions which offers advantages as dispensing or alerting 

system however they do not provide an automatic reminder system, different alert forms or a 

study in loT field, besides devices are economically difficult to access. 

 

The nextproposes a Smart PillBox with camera. The Camera is placed inside the Box which 

detects the matrix code on the med bag. User interface on the surface will provide the reminder 

and alarm functioning.Code gets updated after the Doctor visit. The change of the matrix code 

and its compartments remains a problem. 
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The next module uses the WEDUINO module installedin Smart PillBox to achieve 2way 

messaging with remote relatives via IoT.The module first reads the sensing signals in the kit and 

uses WI-FI to transmit the signals to the WI-FI router and then sends the medication information 

to the remote webpage or cell phone for monitoring.It’s a 4 compartment PillBox. Also the cell 

phone can send a remind message back to the LCD screen on Smart PillBox by means of internet. 

 

The last one is based on Arduino Mega 2560 taken as the principal controller[12]. This prototype 

contains; a programmable alarm system with an automatic opening and closing system, an 

interactive user interface and a notification system through GSM network.In this work, it 

proposes a solution that solves these problems. 

 

III. PROTOTYPE CONSTITUENTS 

 

The components are chosen based on their functionality and precision. They are very cost 

efficient and easily available. 

 

3.1 ARM-7 [LPC 2148] 

It is a 32-bit controller with 64 pin configuration. It has 2 ADC,2 UART (hardware serial ports) 

and real time clock present in it. 45 pins are used for accessing. It also has a 20MHZ crystal 

oscillator,16 interrupts and 512kb RAM. It also has a USB port that helps us easily connect to the 

computer. Associated compatible products and capabilities in ARM 7 lets user manage different 

modules including dc motor, stepper motor controllers.sensors or touch screens which are part in 

materials chosen and which will have a specific task in the pillbox. 

 

Figure 1. the arm-7 controller 

3.2 LCD display 

It is a 16x2 display used to show the values of the sensors used, the timing of the pill to be 

dispensed, the pill that is being dispensed and the patient details. It takes in hexadecimal 

commands to display data. 

It has 16 pins where enable activates the LCD and other pins have their own particular functions. 
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Figure 2.  LCD display 

 

3.3 RFID reader and RFID tag 

It works on the principle of radio frequency based electromagnetic field to transfer data from tag 

to reader. It is distance limited. The tag has to be close to the reader for it to read it. The tag had 

unique code for authentication of only that particular patient. We use passive reader were a 

battery is present internally. It works on UART protocol. 

 

Figure 3. RFID reader module 

3.4 WIFI module 

In this project we use ESP8266 WIFI module to connect to the customised app on the mobile of 

the doctor or care taker. It uses a standard set of instructions to send and receive data from the 

cloud. It directly interfaces with arm-7. It works on the principle of IoT. 

 
Figure 4. WIFI module 

3.5 Sensors 

in this project we use temperature sensor, blood pressure sensor and pulse sensor. The 

temperature sensor used is LM35. It operates at 5v. It is an analog device that shows the difference 

in temperature due to the presence of resistance in it. It gives values in degree Celsius. It works on 

ADC protocol. 
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The pulse sensor reads the heart rate of the patient. The LED present in it absorbs the blood flow 

and the IC processes the data.  

The blood pressure sensor works on UART protocol. It reads the blood pressure of the patient. 

The blood pressure reading has to done manually 

 

Figure 5. Temp sensor 

 

Figure 6. pulse sensor 

 

3.6 Stepper and DC motors 

They are both used for the opening and closing mechanism of the dispenser. They have driver 

circuit for the interfacing with the controller. 

 

We use Kiel-u vision software for writing the controller code in embedded C. Flashmagic is used 

to dump the code the controller. The app code is written in JAVA for its object oriented and 

platform independent qualities. 

 

IV. WORKING 

 

 The device aims to dispense the pills to the elderly patients and also patients with 

disorders such as amnesia, dementia etc at the programmed time. 

 The device is designed such that only one authorised patient can use it thus avoiding any 

wrong medication reaching the wrong patient. 

 The dispenser automatically dispenses the medicine thereby reducing the problem of 

opening and closing the compartments by the patient. 

 The main advantage is that the patient himself/herself can use this system all by 

themselves reducing the task of the caretakers and the doctors. 
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 The doctors/caretakers who will have the customised app on their phones can monitor the 

patient from any place. 

 The blood pressure, temperature and heart rate values are being recorded and send to the 

doctor each time the patient takes the medicine thus helping the doctor update the 

medication on his/her visit. The entire proposed system is automated except for the blood 

pressure measuring means 

 
Figure 7. basic block 

 

V. PROTOTYPE BUILDING/RESULTS 

 

The main objective of this analysis is all about using free hardware and software in order to 

develop a valid and effective device to assist people in taking correct doses of prescribed medicine 

along with the basic temperature, blood pressure and heart rate readings. ARM-7 was taken as the 

principal controller. "The Flexible compartment IoT PillBox" is used as a pills storage device, 

which contains a programmable alarm system, an automatic opening and closing system, an 

interactive and friendly user interface and a notification system through WIFImodule. 

 

5.1 RFID reader and sensor functions 

The RFID tag assigned to each patient will have a unique code. This code is transmitted to the 

reader giving the patient access to the pill dispenser. Only one patient has access to the dispenser. 

Once the authorisation is done the sensors read the patient’s temperature, heart rate and blood 
pressure. These values are sent to the doctor/ caretakers informing them the patient’s health 
condition. 

 

5.2 Notification system 

The notification is sent through the WIFI module, to the cloud and reaches the doctor /caretaker 

through a customised app. The doctor confirms the readings from the sensors on the app and 

sends a confirmation message asking the patient to take the pills. These readings are also displayed 

on the LCD screen. The details of the patient are also displayed on the app and LCD screen. 
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5.3 Buzzer and pill dispensing 

Once the confirmation message is obtained the buzzer rings indicating the patient that the 

particular pill is going to be dispensed. The stepper motor rotates in step angle and DC motor 

rotates in circular motion stopping at the particular compartment from where the specified pill is 

being dispensed. The pill falls into a container and the patient has to just consume it. Once this is 

done the, a message is again updated on the app telling that the patient has consumed the pill. 

The process repeats on hourly basis based on the timings the pill is dispensed. 

 

Figure 8. proposed pillbox 

 

Figure 9. dc & stepper 

 

VI. FUTURE WORK 

 

Thermometer: A thermometer can be included in order to analyse the internal temperature of the 

device for the correct conservation of the pills. An alarm will be activated if the temperature 

exceeds the previous set limit. 

Security: After the design is selected, a lock system could be added. The device will be used only 

by; doctors, keepers, and patients without significant disorders. They would only program the 

device with a personal password. 

Touch Screen: Another module marked as inconclusive is the TFT LCD Touch Screen. In this 

process the touch function is not available, but the goal is to use this interface to configure the 

medication scheme. 

Camera and voice recorder: These devices could be added to provide an enhanced means for 

monitoring the patients. 
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Biometric Blood pressure: This can be inculcated to combat the odds of manually taking the blood 

pressure readings. 

VII. CONCLUSION 

 

Elderly constitute 30% of the population and people with a need of an assistive aid are high in 

number. The disabled patients and people who cannot afford for a caretaker also require aid. This 

device aims at dispensing pills according to the patient’s health requirements at the right time and 

dosage.The system also sends notifications regularly to the doctor/caretaker helping them keep a 

check on their condition. It is cost efficient and easily accessible for patients of all sectors. 

 

As mentioned in the future works a touch screen LCD could be added and also a thermometer to 

conserve the pills could be implemented. Further research is being done. 
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ABSTRACT 

 
Wrought Aluminum alloy 6063-O fingers of size 8 mm dia and 50 mm length were machined from 12 mm 

dia rods and cast Aluminum alloy A 356.0 rods of 12 mm dia  were melted and cast in permanent cast iron 

moulds and later machined to 8 mm dia and 50 mm length fingers. Two types of cast samples were prepared 

namely the as-cast and T6 tempered conditions. Dry sliding 3 body abrasive wear behavior of these 

materials under low stress conditions with applied load from 1N to 3 N has been investigated using a 

specially designed pin on disc wear tester at a fixed sliding speed of 1.3 m/s. SiC emery paper of grit 220 was 

pasted on the steel counter face and made to run against the fixed pin made of the Aluminum alloy. The 

wear mass loss was measured for various test conditions and wear factor calculated and plotted. The wear 

mechanisms were identified and the wear scars viewed through the optical microscope and inferences 

drawn. The wear rate was found to decrease when the sliding distance and the applied load was increased. 

The results revealed that severe wear occurred, the wear factor being in the range 10-3 to 10-5 mg/Nm, in 

spite of the low stress applied. The wear behavior was correlated to the test conditions and the properties of 

the materials used. The study pertains to IC engines, valves, brakes, material handling equipment, bearings, 

electromechanical and MEMS devices   to name a few. 

Keywords: Low stress abrasion, three body abrasion, wears mechanisms; wear scar microstructures, wear 

factor, MML (Mechanically mixed layer). 

I. INTRODUCTION 

 

Wear may be defined (Budinski and Budinski, 2005) as the surface damage or removal of material from one 

or both of two solid surfaces in a sliding, rolling or impact motion to one another as a result of mechanical 

action. The wear phenomenon can occur due to adhesion, abrasion, surface fatigue or tribochemical 

reaction. In addition, many studies reveal that the wear situation comprising of the materials under 

consideration, its shape, weight, applied load, test duration and  environment conditions, affect the wear 

rate and the wear mechanisms. Wear is a serious problem in many engineering applications, especially 

moving parts like bearings and engine parts. There is also an increasing demand for light weight materials 

with good wear resistance in the automotive and aerospace sectors (Gui et al. 2000). 

Aluminum alloys exhibit mild to severe wear. A transition from mild to severe wear depends on the applied 

load and the sliding speed during dry sliding wear (Zhang and Alpas, 1997). When the wear is severe, 

ductile materials such as Aluminum alloys experience substantial surface plastic deformation at the surface 

(Dautzenberg and Zaat, 1973, Perrin and Rainforth, 1997, Singh and Alpas, 1996). 
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The investigation of Horn & Zeigler (1983) showed that pure Aluminum, non-heat treatable alloys and cast 

Al-Si alloys have poor dry abrasive wear resistance and that cold work does not cause a significant 

improvement. Heat treatable wrought alloys and cast alloys aged to optimum hardness showed improved 

performance. The work of Rao & Sekhar (1986) concluded that the wear rate of a range of Aluminum alloys 

did not decrease with the increase of their Vicker’s Hardness. It has also been stated that friction is inversely 

proportional to hardness ( Drozdov and Archegov ,1981). It is still not clear despite many studies which Al 

alloy would offer the best wear performance and whether a precipitation hardened matrix would be 

optimum, or whether a work hardened characteristic would be important  (Ghazali et al., 2007).This applies 

to Al MMC’s ( Metal matrix composites) also. Therefore this paper attempts to study the wear behavior of 
cast Al A 356.0 in the as-cast and T6 tempered condition and compared to the wear performance of wrought 

Al alloy 6063-O, in the annealed stage. Both the alloys are Magnesium Silicon alloys, with the 6063 alloy, 

being a popular aerospace material and the cast alloy A 356.0 used for applications like machine tool parts, 

aircraft wheels, pump parts, valve bodies, cylinder heads and engine blocks.  

 

As already stated the wear situation plays a major role in the wear behaviour of any material and in this 

study the counterface of steel is pasted with SiC 220 grit emery paper with 75 micron size irregular shaped 

abrasives. The pin being Al alloy, the wear rate would be severe in nature and hence lower applied loads 1N 

to 3 N have been applied. The wear situation is expected to be more aggressive than   the adhesive wear 

situation, studied by many authors. Wear studies have been conducted earlier at the Meso, Micro and Nano 

scales for MEM’S devices, with applied loads ranging from a few nN to 100 mN   (Le, et al., 2008). Adhesive 

wear studies involved higher applied loads up to 50 N.Very little work has been conducted on low stress 

abrasion and sliding and fretting wear, and this pertains to coatings. Little or no work has been carried out 

in the load range 1N to 3 N for bulk materials or coatings, with the wear situation described. 

 

II. EXPERIMENTAL WORK 

 

2.1 Apparatus  

The experimental test fixture is shown in Figure 1, which is a pin on disc tribometer.Here the flat pin of size 

8 mm x 50 mm length is loaded precisely with weights of 1N, 2 N and 3 N. The wear loss of the test material 

is calculated from the mass loss during the test. The test conditions like load applied, sliding speed and 

distance simulate the real life situations of many practical wear applications. The set-up has been specially 

designed and fabricated to test with low load applications. 
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Figure 1. Pin on disc wear test apparatus 

 

2.2 Test conditions 

The test pins are made of Al 6063-O wrought alloy and cast Al A 356.0 in the as-cast and T6 treated 

conditions, of size machined to 8 mm dia x 50 mm length. The counter face is made of EN-8 steel with SiC 

220 grit emery sheet pasted on it. The size of SiC particles is 75 microns with irregular particle shape. The 

emery sheets are replaced after the test duration of 7 minutes. The diameter of the disc is 60 mm and 

thickness 15 mm.The test conditions for testing were sliding speed of 1.3 m/s, applied loads 1N, 2N and 3N 

and the sliding distances of 82 m, to 574 m in steps of 82 m. Prior to testing, test samples were polished with 

emery paper and cleaned in acetone, dried and then weighed using an electronic balance having a resolution 

of 0.1 mg. After each test, the specimens were removed, cleaned in acetone and weighed in a similar 

fashion. At each load the mass loss from the surface of the specimens were determined as a function of the 

applied load and the sliding distance. Confirmation tests were also conducted to establish the values. 

Additional information pertaining to the wear situation is detailed below (Raymond) in Table-1.  

Table 1. The wear situation 
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Parameter Description 

No. of bodies 3 body( the abrasive particles are constrained by a counter face and trapped 

between the two independent bodies) 

Stress level Low stress up to 0.019 MPa to 0.059 MPa  

Presence of fluid Dry abrasion 

Relative hardness of 

particles to surface 

Surface softer than particles 

Motion Sliding unidirectional high speed ( 1300 rpm) 

Contact geometry Circular area in surface contact 

Test environment 25 C, 50% RH 

Materials Dissimilar 

 

The wear factor (K) in mg/Nm is calculated as per the following formula: 

K= LNW  , where W is the wear mass loss in ‘mg’, L is the sliding distance in ‘m’, and N is the applied load 
in ‘N’. 
2.3 Materials 

The composition and properties of Al 6063-O and Al cast A 356.0 are shown in Tables 2 to 4 and the 

counter face characteristics are detailed below (Elwin ).    

Counter face: SiC fine emery sheet of grit 220, particle size 75 microns, irregular shape. SiC has a hardness of 

2800 kg/mm2 and compressive strength of 3900 MPa. 

Table 2. Composition of Al 6063 –O (annealed). 

 

Si Fe Cu Mn Mg Cr Zn Ti Others Al 

 

.20 to 

.60 

.35 .1 .10 .45 to 

.90 

.1 .1 .10 .15 rest 

 

Table 3. Composition of cast Al A 356.0 

Si Fe Cu Mn Mg Ni Zn Ti Others Al 

 

6.5-7.5 .2 .2 .10 .25 to 

.45 

Nil .1 .20 .05 rest 

 

 

Table 4. Properties of wrought Al 6063-O and cast Al A 356.0 
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Sl.no. Property description Al 6063-O Al A 356.0 

1 Melting point ,  °C 600 650 

2 Density, g/cc 2.68 2.67 

3 Thermal Expansion Coefficient ,10-6 °C  23.4 21.4 

4 Thermal Conductivity at 20 °C, W/mK 200 167 

5 Specific Heat KJ/kgK 0.91 0.963 

6 Elastic modulus GPa 70 72.4 

7 Hardness HB 25 42 (soft) 

63 (T6)  

8 UTS ( Ultimate tensile strength)  MPa @ R.T. 131 234 

9 Poisson’s ratio,  ‘υ’ 0.33 0.33 

 

2.4 Metallographic observation: Specimens for the metallographic observations were prepared by standard 

polishing techniques. The microstructure of the specimens were investigated by means of optical 

microscopy model Censico with a magnification of 200 X. Keller’s reagent with composition, 194 ml 
distilled water, 5 ml Nitric acid, 3 ml HCl and 2 ml Hydrofluoric acid was used as the etching reagent. The 

wear scars of the worn surfaces were similarly prepared and observed. The specimens were run for duration 

of 3 minutes for the various applied loads before polishing. 

 

III. RESULTS AND DISCUSSION 

The results of the wear loss measured are plotted in the graphs shown in Figure 2.                     

Figure-3 shows the wear factor against sliding distance curves at the applied load range of 1 to 3 N.                      

Figure - 4 shows the microstructures of the materials.  

Figure – 5 to 7 shows the wear scars of the material. 
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WEAR RESULTS OF  AL 6063-O

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 200 400 600

TIME IN SECONDS

W
E

IG
H

T
 L

O
S

S
 I
N

 G
R

A
M

S

TIME VS WEIGHT

LOSS ( 1 N

LOAD)

TIME VS WEIGHT

LOSS ( 2 N

LOAD)

TIME VS WEIGHT

LOSS ( 3 N

LOAD)

 

WEAR LOSS  AL CAST A 356.0 ( SOFT)
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WEAR LOSS OF  AL CAST A 356.0 ( T6 TEMPERED)
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Figure 2. Wear loss in grams as a function of sliding distance and applied load 
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Wear results of  Al 6063-O
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Wear results of  Al cast A 356.0 ( soft)
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Wear results of  Al cast A 356.0 (T 6 tempered)
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Figure 3. Wear factor in 10-3 mg/Nm as a function of sliding distance and applied load 
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           a) Al 6063-O                       b) Al cast A 356.0 as-cast              c) Al cast A 356.0 T6   

          treated 

Figure 4: Microstructures of the test specimens run for 246m sliding distance and 3 N applied load 

The microstructure is typical of Aluminum alloy with small particles of Silicon and Magnesium in 

Aluminum solid solution. 

                      
 

a) Al 6063 (1N load)                      b) Al 6063 (2N load)           c) Al 6063 (3N load)   

 

Figure 5. Wear scars of Al 6063-O for various applied loads 

The wear scars show a plowing and grooving action due to low hardness and flow stress of the material. The 

wear rate is high though the MML is present. The dark patches are that of SiC. 
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         a) Al A 356/0                                 b)  Al A 356/0                                  c) Al A 356/0                           

          As-cast (1N load)                          As-cast (2N load)                       As-cast (3N load)                 

    

Figure 6. wear scars of cast Al A 356.0 for various applied loads 

The higher hardness and higher flow stress values lead to cutting and fragmentation and lower ploughing 

and also due the presence of the MML the wear rate is lower. Dark patches of SiC are seen. 

                          
 

a)  Al A 356.0  T 6 treated                    b) Al A 356.0 T 6 treated                    c) Al A 356.0 

             (1 N load)                                         (2 N load)                               T 6 treated (3 N load) 

     

Figure 7. Wear scars of cast Al A 356.0 T 6 treated, for various applied loads 

 

The wear scars are polished and wear mechanism is mainly due to fragmentation and less ploughing due to 

the MML Wear rate is lower. Dark patches of SiC are seen.  

3.1Properties of materials and wear conditions correlated to wear behavior (Raymond): 

1. The wear rate depends on the hardness of the specimens, as the depth of indentation for a given load by 

the abrasive particle is a function of the hardness of the material. The results show ploughing wear 

mechanism in the case of Al 6063-O with deeper grooves when compared to cast Al A 356.0 in the 

tempered condition. Higher the hardness, lower the ductility resulting in a change in the abrasion 

mechanism from predominantly plowing/cutting to fragmentation. 
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2. Wrought Al being more ductile than cast Al, plowing takes place and the probability of wear debris 

formation is high which get embedded in the grooves and also the proportion of ploughing will be more 

than cracking or fragmentation. 

3. As the Contact pressure increases, the wear rate increases. 

4. The contact conditions of velocity and impingement angle of the abrasive plays a major role in the wear 

rate. Higher the sliding velocity, higher will be the wear rate. In this study the sliding velocity has been 

kept constant. The impingement angle is 0° in this study and hence a lower wear rate. 

5. The abrasive particle characteristics like size and hardness ratio of wear material and the abrasive are 

important parameters. Higher the abrasive size, the greater will be the wear rate. Lower the H/Ha, as in the 

case of 6063 Al, plastic deformation takes place as in this study. 

6. The microstructure plays a major role in the wear rate of the materials. In the T 6 treated condition the 

microstructure is more homogenous and hence the wear rates are lower. 

7. For materials of equivalent hardness, the plastic flow behavior depends on the E/σy ratio. Higher the ratio 

more will be the plowing action. Flow stress σy for Al 6063-O is lower and E/σy is higher and hence a 

ploughing action results. E/σy is lower for the case of Cast Al.Cutting and microchips formed in this case. 

 

3.2 Discussion of the wear loss and the wear factor results.  

1. The wear loss increases as the sliding distance is increased for all the load conditions and materials. 

2. The wear loss of Al 6063 is more than the cast alloy 356.0 for all load conditions and sliding distances. 

3. In the case of Al 6063, the wear loss for the applied load of 2 N is lower for all the sliding distances, which 

is due to the mechanically mixed layer of SiC and Aluminum formed with a higher load bearing capacity. 

Refer the wear scar microstructure. The dark areas are that of SiC in white patches of Al.  

4. In the case of Al cast 356.0, both in as cast and T6 tempered conditions, for the applied load of 1N the 

wear loss is more than for other loads. Al specimens in T 6 condition fared better than the soft specimens. 

5. The experiments were not conducted for higher loads as the trend was similar. 

6. The tests were discontinued after a sliding distance of 574 m as the wear loss stabilized. 

7. The wear loss is lower for higher applied loads, due to the MML formation. 

8. The wear factor decreases for all the applied loads and increasing sliding distances for the materials 

considered. 

9. The wear factor for the 2N and 3 N applied loads is lower than the wear factor for 1 N load, which shows 

the better wear performance of the materials at higher applied loads. 

10. The wear factor is the highest for the Al 6063 alloy and the lowest for the Cast Al 356.0 T6 tempered 

condition revealing the better performance of the cast alloy in the heat treated condition. 

11. The morphology of the wear scars of 6063 –O Al and cast A 356.0 Al, for the applied loads of 1N to 3N, 

sliding speed of 1.3 m/s and sliding distance of 246 m are shown in the figures. 

For 1 N load, 6063 Al exhibited a rough wear surface with deeper grooves, with the major wear 

mechanism being ploughing (plastic deformation due to higher ductility).Similarly for the cast specimens, 

the scars are rough due to cutting/fragmentation. The microstructure is less rough and seen as polished due 
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to the mechanically mixed layer formation comprising of Al and SiC phases in the case of 2N and 3 N loads 

for Al 6063 and Al 356.0 cast specimens. The mechanism is a combination of micro cutting and 

ploughing.The mechanically mixed layer has a higher load bearing capacity and hence the lower wear rates. 

Li and Tandon, (2000) state that the MML played a vital role in dry sliding wear in the range of loads.  

12. In general, the wear loss of the materials increases linearly with increasing sliding distance and applied 

load, but the wear rate decreased with increasing sliding distance since wear rate is the ratio of wear mass to 

sliding distance in a certain wear condition. 

 

IV. CONCLUSIONS 

 

1. Wear rate of any material depends on the hardness of the material and its ductility. Cast Al A 356.0 T6 

treated showed a better wear performance than Al A 356.0 in the as cast condition and Wrought Al alloy 

6063-O in the annealed condition. 

2. The wear performance of the materials selected showed a better result for higher loads applied due to the 

formation of a mechanically mixed layer with a higher load carrying capacity. This is applicable for the low 

stress range and the sliding distances selected and also for the wear situation described. 

3. The wear loss increases as a function of sliding distance and applied load initially and then flattens for the 

materials tested. 

4. In this study, the wear is found to be severe in all cases; though it is better in the case of heat treated cast 

alloys. The wear rate being in the range 10-2  to 10-5  mg/Nm falls in the regime of severe wear. Critical load 

is the applied load when the transition from mild to severe wear takes place. In this study, for the wear 

situation considered 1 N may be considered well above the critical load. 

5. Though applied stresses are lower, the wear situation, especially the abrasive grain size of 75 microns of 

SiC, has contributed for the severe wear. 
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ABSTRACT 

There have been many cases where numerous accident have been reported on vehicles colliding 

with wildlife and human being, especially while traveling at night or on highways. Despite this, 

there has been no proper solution to this problem. Developing a long range and efficient sensor 

which would alert the driver about the obstacle ahead would result in lesser number of such 

accidents. This paper is a review on the motivations to lower the rate of such accidents. The 

sensor uses spectrum waves to differentiate between humans, animals and other objects. The 

system uses real time data and try to mimic human reasoning thus prove promising accident 

control. We give an in depth study on the design, benefits and limitations of this technique. 

Keywords: Smart Cities, Intelligent Accident Control, Spectroscopy, Human/Animal Detection. 
 

I. INTRODUCTION 

 

 

There are many highways and roads that run across protected wildlife areas. In places like that it 

is inevitable that the human beings or wild animals will enter the highways. This very often leads 

to fatal accidents resulting in loss of wildlife and also human 

 

life. As of now there are no proper/autonomous systems to prevent accidents like these, especially 

at night time its gets tough to identify such obstacles. This project aims at developing a 

multifaceted system to prevent accidents like these. In this project humans and animals are 

detected near the human-animal environment overlap to avoid fatal accidents. 

 

Man-animal conflict is seen across the world in a variety of forms, including monkey menace in 

the urban areas, depredation by elephants, animals walking on the roads, and cattle and human 

killing by tigers and leopards. 

 

In places like national highways and roads it is inevitable that the wild animals will enter the 

highways and the railways. 

 

II. EXISTING SOLUTIONS 

 

Boundary walls and solar fences around the sensitive areas are built to prevent the wild animal 

attacks. Overhead or underground structures are built to divert the wild animals into a different 

path not interfering with vehicle traffic. But this system takes longer duration, labor and 

moreover not economical and they cannot totally prevent animals from entering the roads. There 

are no systems to avoid birds from sitting on the roads either. 
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Some devices of information technology, viz., radio collars with very high frequency, global 

positioning system and satellite uplink facilities, are being used by the research institutions to 

monitor the movement of lions, tigers, elephants, crocodiles and other wild animals to understand 

their movements and their use pattern of the habitat. But installation of the system becomes 

difficult and is not always possible. 

 

 

III. PROPOSED SOLUTION 3.1 STRATEGY 

 

The system is designed to prevent wildlife/human – vehicle collision within the highways as well 

as in city conditions. The sensor uses the principle of absorbance spectroscopy to detect and 

classify the obstacles. The sensor detects and classifies the type of obstacle ahead and sends a 

warning to the driver about the same and turns off the warning when the obstacle has been 

cleared. 

 

3.2 Principle 

Spectroscopy is the study of interaction between matter and electromagnetic 

radiation. Spectroscopy is the scientific measurement technique. It measures light that is emitted, 

absorbed or scattered by materials and can be used to study, identify and quantify those materials. 

Absorbance spectroscopy, commonly referred to as spectrophotometry, is the analytic technique 

based on measuring the amount of light absorbed by a sample at a given wavelength. The graph 

shows the absorption and reflectance pattern for each color. If orange light is emitted, blue is 

reflected. If red light is emitted, green light is reflected and so on. 

 

3.3 Working 

The absorption and reflectance is measured using a micro spectroscope. In order to achieve data 

with minimum error, we assume that the angle of incidence between the light source and the 

sample is 0°. 

 

The light reflected from a skin sample is scattered in all possible directions of the viewing 

hemisphere. We are interested in measuring only that amount of the scattered light that is 

reaching a single viewpoint. The spectroscope is designed to measure the 

 

Bidirectional Reflectance Distribution Function (BRDF) of various materials. The spectrograph 

uses a diffraction grating to disperse the light into its component wavelengths. 

 

Photodiode arrays have almost an order of magnitude better signal to noise ratio than the 

corresponding CCD sensors. 

 

The color of the reflected light depends on the color of incident light. Thus, the true descriptor of 

the spectral behavior of a material is the ratio of the light reflected from that material over the 

light that is incident on that material. For non-Lambertian surfaces this ratio changes as the angle 
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of incidence and angle of reflectance change. The ultimate goal is to produce a complete BRDF for 

in-vivo human skin. Our current measurements are for a 0" angle of incidence and approximately 

4" angle of reflectance. Thus, what we are measuring is: 

 

 

(1) 

 

where BRDF() is the Bidirectional Reflectance Distribution Function, which is a five parameter 

function. 

 

The following figures show the BRDF ratio plotted against the wavelength of the visible part of 

the electromagnetic spectrum. 

 

 
Fig. 1Absorbance Spectrum Chart 

 
Fig2.Spectra of the back of the hand 

 

Although the data collected, shows a diverse set of skin spectra, there is clearly a particular 

pattern that can be observed. A gradual increase with respect to wavelength can be immediately 

noticed, with a dip around 575nm. 

The skin spectra of various races are interspersed and no clear classification can be done. There is 

one exception. One can observe that darker shaded skin, independent of race, reflects a smaller 

proportion of the incident light (which is how a darker surface can be described) and does not 

exhibit the curvature variation of the other plots. Hence, by dividing each reflectance distribution 

by the maximum value of that distribution we are ignoring the effect of the darkness of skin and 

are concentrating on the shape of the spectrum. 
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Fig. 3 Scaled spectra of the back of the hand 

 

In order to test whether the variations of the shape of the skin spectra could be attributed to the 

local skin structure and to melanin, spectra of the palm is also considered. From the observed 

results, it is found that even palms exhibit similar properties to that of the back of the hand. 

Except, they exhibit a much reddish spectrum compared to the back of the hand, as expected. But 

in the spectrum of palm, it can be noted that all types of skin are almost identical shape and 

various spectra are closely clustered. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Scaled spectra of the palm 

 

It is to be noted that melanin plays a major role in reflectance and absorption. In the absence of 

melanin, the spectra are much closer to each other. It should also be noted that the amount of 

hair, pores, follicles, wrinkles, etc… also has a minor impact on the spectrum of the skin. The 
measured spectra demonstrate that there is a very specific pattern in the spectral distribution of 

the color of skin. Now,  we  should  check  whether  this pattern is sufficiently unique to provide 

for the identification of human skin, especially when compared to  a mannequin which comes  

the same  key  features  with  humans  (lips,  nose, eyes, arms, legs etc.) 
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Fig. 5 Spectra of human hand versus mannequin 

 

 

The graph showed the reflectance spectra of the mannequin versus that of the back of the hand, 

since that is more representative of the skin variations which are typically observed in humans. 

Notice the different shape of the spectral distributions between the two groups. 

 

In the rescaled plots the existence of two separate spectra becomes evident. 

 

3.4 Detection 

Eye inspection of the reflectance data shows that there is a persistent pattern that seems to be 

unique to the human skin. All the measured reflectances, with the exception of the more tanned 

people, exhibit a localized " W pattern (two dips with a bump in the middle) in the middle of the 

visible spectrum. 

 

The following algorithm can be used to automatically detect the pattern: "W” pattern detection 
algorithm: 

 

1. Find all the local minima and maxima of the curve (places where the derivative is zero). 

2. Find the two smallest local minima after 430nm. 

They should be the two dips of the 'W" pattern. 

3. Let h = wavelength of the leftmost dip. 

4. Let % = wavelength of the rightmost dip. 

6. If h3-h1<50nm, 

Find the local max between hl and h3. 

This should be the middle bump. 

Let h2=wavelength of the middle bump. 

Else, 

No "W” pattern is present, because the two smallest local minima are not close to each other. 
While the “W” pattern identifies thehuman and animal skin effectively, we must also consider 

other factors such as: epidermis, dermis and hypodermis as they also play an important role in 



CSEIT184529 | Published - 14 April 2018 | March-April-2018 [ (4 ) 5 : 1-1 ] 

 

International Conference on New Horizons in Science Engineering Technology (NHSET-2018) 

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2018 IJSRCSEIT | Volume 4 | Issue 5 | ISSN : 2456-3307 

 

 

247 

absorbance and reflectance of the spectrum rays. In most individuals, the absorption of the 

epidermis is usually dominated by the absorption caused by melanin. The reflectivity (BRDF) of 

the skin at various wavelengths is mainly determined by the chromophores present in the various 

layers of the skin. 

 

All the analysis thus far indicates that the existence of the "W" pattern implies the presence of 

live human skin. 

 

IV. PRACTICAL MODEL 

 

Block diagram for the proposed system: 

 
 

Fig. 6 Block diagram 

 

The sensor can be retrofitted in any type of vehicle regardless of the make and size. 

 

The data from the spectrograph is sent to the micro controller where we plot the graph and 

analyze the data. If there is a human or animal ahead, the warning system displays a message to 

the user of the obstacle ahead. Else no action will be taken. 

 

In order to notify the respective authority in case of an accident, we embed a proximity sensor in 

the system. If there is an obstacle detected and if any collision takes place, the micro-controller 

sends a report to the nearest authority regarding the accident so that necessary actions can be 

taken immediately. 

 

The system is flexible and can be embedded into any kind of vehicle easily. Since IR spectrum is 

being used, detection is possible even in dark. 

 

V. CONCLUSION 

 

We designed a spectroscopic sensor which identifies and classifies human beings/ animals and 

other miscellaneous obstacles. The sensor works on the principle of absorbance spectroscopy. 

From multiple samples, the behavior of skin on exposure to spectrum waves is observed. A 
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spectrograph is used to record output data. After plotting the output in a graph we look for a “W” 
pattern in the recorded output to give a positive result. The calculation process is based on 

reflectance parameters (BRDF). On obtaining positive results, the microcontroller alerts the driver 

of the obstacle ahead and incase of any collision the system notifies the nearest authority for 

suitable action without delay. The mortality rate and accident rates of wildlife-vehicle collision 

can be significantly reduced using this method. 
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ABSTRACT 

we believe miniaturization is the step forward. This paper gives a brief overview of a gas-turbine, how 

miniaturization of it has a plenty of applications and specifically focuses on the miniaturization of the 

centrifugal compressor used in it. This paper suggests that the centrifugal compressor of an automobile 

turbocharger can be used as the compressor for the miniature gas turbine due to its geometrical similarities and 

also provides an insight into the challenges that might be faced when this is incorporated. It also suggests a few 

modifications, when applied to the turbo-compressor; it may overcome the challenges and the modification 

being introduction of a pre-whirl effect. The pre-whirl effect proves to be efficient as it helps reduce surging, 

turbulence, chocking and shocks that might be induced into the turbo-compressor when it is used in a 

miniature gas turbine due to high speed. Therefore this paper is a step towards miniaturization of the gas 

turbine at a low cost, at the same time uses a high precision manufactured product (turbo-compressor).  

Keywords: Centrifugal Compressor, Gas Turbine, Turbo Charger, Pre-whirl, Miniaturisation, Guide Vanes. 

 
I. INTRODUCTION 

 

Gas turbine which is also known as Jet engine is an internal combustion reaction type engine, which produces a 

fast moving jet, which in-turn provides the thrust. This is known as jet propulsion.  A typical gas turbine is a 

highly technical, geometrically large and a very expensive machine which is engineered, manufactured and 

produced with the highest possible precision techniques. [1] The leading manufacturers of the gas turbines like 

GE, ROLLS ROYCE, PRATT AND WHITNEY etc. concentrate in manufacturing engines for large scale 

applications. Hence research towards small scale applications of gas turbine is often neglected. A miniaturized 

gas turbine finds its applications mainly in militaristic devices such as drones. As there is no proper research 

done in this field, the manufacturing of these mini gas turbines turns out to be an extremely expensive affair. 

The small gas turbines which are made with the required reliability end up being extremely expensive partly 

because they are made in such small numbers and also because their configurations change for each application. 

There are many acceptable configurations of the miniature gas turbines, the most commonly accepted design is 

the use of single stage compressor and turbine, with the compressor being centrifugal in nature. 
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Fig. 1 : Miniature Gas Turbine 

This paper focuses primarily towards the compressors used in gas turbine. 

There are only two types of compressors used in gas turbines [2] 

a) Axial flow compressors: Used in large scale applications. 

b) Radial flow compressors: Used in small scale applications 

 

 

Fig. 1 : Centrifugal Compressor 

These radial flow compressors are also known as centrifugal compressors. This paper is oriented towards 

research on the centrifugal compressor. There are a wide variety of centrifugal compressors that are currently 

used in the market. One such application in which centrifugal compressors are pre-eminently used is the 

turbocharger of automobiles. As this research is focused on miniaturization of gas turbine, it can be taken into 

account that the turbo-compressor is geometrically small and it can also be observed that the characteristics of 

the turbo-compressors were very similar to that of the required compressor at its working range, relative to the 

inlet and outlet requirements. Hence it was theoretically possible by the equation that governs all centrifugal 

compressors that the pressure ratio created by the turbo-compressor is in accordance with the required 

conditions at the working range of the gas turbine.[3] 

The working range of the turbocharger is at a speed range of 60000-120000 rpm at a pressure ratio of 

approximately 3, when this working range is taken in comparison with the working range of a gas turbine, the 

speed range of miniature gas turbine is around 150000-200000 rpm at a pressure ratio of 9. 
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II. CHALLENGES 

 

If this turbo-compressor is to be incorporated into a gas turbine, it is going to run at a speed of 150000-200000 

rpm, therefore the pressure ratio of the turbo-compressor increases automatically. The following are the 

challenges that might be posed due to the increase in the speed and the pressure ratio: 

 The relative velocity between the blades and inlet air is very high, therefore shock maybe induced. 

 Due to the high speeds, turbulence is created, which in-turn creates vibrations, which might lead to 

failures. 

 Since turbo-compressors work at an optimum rpm the output air flow might be less due to pressure 

build up, hence surging might occur. 

 Also if the air flow is too high then chocking might occur.  

 
A. SURGE: To understand surge one needs to know the working principle of the compressor, which is 

imparting kinetic energy to the fluid at the impeller and then sacrificing this kinetic energy at the 

diffuser to increase the static pressure of the fluid and decreasing the kinetic energy of the fluid.[4] If 

maximum head capacity is reached, then pressure in diffuser will be greater than pressure at impeller 

outlet. This will prevent fluid from moving further at impeller outlet and causes the fluid in diffuser to 

flow back, i.e. flow reversal takes place. This can be deteriorating as it has potential to damage the 

bearings and other rotating parts, and also cause high vibrations. 

B. SHOCK: When the relative velocity between the working fluid and blades reach the speed of sound, 

there are characteristic waves produced causing damage to the blades. 

C. CHOKE: It is operating point at minimum flow capacity condition where high velocity air flow causes 

severe damage on the compressor creating instability.[5] 

 

Fig. 2  : Surge and Choke Margin 
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III. OBJECTIVES 

Even though the pressure ratio increases due to the rapid increase in the speed, this pressure ratio cannot be 

sustained due to the above mentioned phenomenon. So this paper suggests the adoption of the below 

mentioned methods in order to sustain the pressure ratio created. 

 Inclusion of inlet guide vanes[6] 

 Diffuser vanes 

 Use of vortex generator  

This paper exclusively deals with the changes that might occur on the account of inclusion of guide vanes at 

inlet of the turbo-compressor. These guide vanes induces pre-whirl. Pre-whirl is the phenomenon of adding a 

circular component to the inlet air. The circular component maybe towards or away from the inlet blade angle 

of the compressor. Pre-whirl reduces the angle of attack and increases the mass flow rate and hence the surging 

is prevented. [7] 

By accommodating the guide vanes with a positive angle of attack, a positive pre-whirl can be generated, which 

in-turn increases the speed of the compressor blades. By accommodating the guide vanes with a negative angle 

of attack, a negative pre-whirl is generated, which in-turn decreases the speed of the compressor blades. If 

surge is detected, a positive angle is given to the inlet guide vanes in-turn increasing the flow rate of air. If 

choke is detected a negative angle of attack is established which in-turn produces a negative pre-whirl this 

reduces chocking. 

IV. METHODOLOGY 

 

In this paper we are considering the use of the automotive turbocharger compressor from GARRETT model 

GT-28. This turbocharger was used in the Nissan skyline GT-R, which was famed for its reliability and its 

excellent performance far beyond its official capacity. It was intended to design a virtual model of a compressor 

according to the geometry and dimensions of the compressor used in the above mentioned automobile 

turbocharger, so that the guide vanes can be designed for the same. 

 
Fig 4: GARRETT Turbocharger 
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Fig 5: CAD Model of GARRETT GT-28 compressor 

Design suggestions for pre-whirl: 

 Inlet guide vanes can either be fixed or variable. Since this particular application deals with the 

working of compressor above the speed at which it was designed to work at, the characteristics may 

abruptly change with little or no variation in the working parameters. This has to be controlled at all 

speeds, hence variability is required. 

 The general blade design of guide vane is of parabolic shape, this brings unwanted components 

into this particular application. Therefore for this application the guide vanes are initially linear and 

have no angle relative to the inlet air direction and later have a parabolic curve for the induction of pre-

whirl.[7][8] 

V. DESIGN OF INLET GUIDE VANES 

 

As mentioned earlier, the angle of attack of the guide vanes determines the nature of the Pre-Whirl effect that 

is imparted to the inlet air. Keeping this in mind the following steps were taken to design the Inlet Guide Vanes. 

 The diameter of the Casing for the Inlet Guide vanes was considered to be the same as that of the 

compressor casing. 

 To begin with, Straight blades were designed. Straight Blades are blades without any curvature with 

respect to the flow. This designed had to be abandoned because it induced unwanted characteristics to 

the Inlet Air 

 Then curved parabolic blades were also designed and were found to be inducing sufficient Pre-whirl 

into the inlet air. 

 Blades which were initially straight in orientation and gradually transformed into parabolic shape with 

respect to the inlet air were found to be the most efficient, because these blades produced better results 

at high velocities compared to just the straight and parabolic ones. 

 The blades were designed according to the nature of the whirl required at a particular distance from the 

blade. Since the radial velocity increases linearly along the radius of the blade, the same thing was 
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incorporated into designing the pre-whirl also the angle of the blade has been increased from root to 

the tip linearly. 

 To give perspective into this design, A 30 degree blade will have a root angle of 15 degree at the 

impeller and an angle of 45 degree at the tip (casing). This design was adopted to give more whirl at the 

points on the blades which have higher velocity.    

The following steps are to be done. 

 Simulate the working of turbo-compressor at working speed of gas turbine with and without 

pre-whirl using Ansys Fluent. 

 Give the working parameters, speed of blade, flow conditions, boundary conditions to the 

virtual assembly. 

 Simulate the virtual assembly at all speeds and angles of attack and plot for each.  

 Suggest the best guide vane angle at a given speed. 

 

VI. CONCLUSIONS 

The project team has  designed a turbo-compressor similar to the geometry of the turbocharger mentioned 

in the paper (GARRETT GT-28).  After testing the different blade profiles for this particular high velocity 

application. Following were the results obtained 

 Straight blades: At low velocity there was low pressure area situated behind the active part of the blade.  

And at high velocities the blade produced whirls which had negative effect.  

 Parabolic blades: At low velocity they worked as intended. But at high velocity whirls were created right 

behind blades at terminal end of the blade.  

 Mixed Profile blades: They work efficiently at all flow velocities.  
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ABSTRACT: 

In this paper describes a new embedded system based on CAN bus protocol for remote monitoring and 

controlling of lighting networks, where the network nodes are lighting lamps and environment sensors.   

The applications such as: light dimming control of a single lamp, or a group one, through one lighting 

network node having an environment sensor. The embedded system was implemented in a small 

prototype lighting network based on CAN 2.0B with three 28 Watts fluorescent T5 lamps, one 13.86 

Watts HBLED lamp composed of six LEDs, and two environment sensors. The proposal can be expanded 

to more than 2048 nodes and other kind of lighting lamps can be used.  Individual and group control for 

dimming and turning on/off, fault detection condition of lamp tubes and environment sensors monitoring. 

The main characteristic of the embedded system is its non-master capability, allowing implementation of a 

novel fully functional CAN bus lighting network with a reliable two wire remote control. Applications for 

this CAN bus lighting network include building management or studio lighting where it is desired to 

control lamps for saving energy consumption, performing  lamp maintenance or creating precision 

lighting effects.   

                                                  I. INTRODUCTION 

 

The term ”intelligent lighting system” refers to a system where multiple lighting fixtures are connected to 
a network,   The intelligent lighting system providing the necessary light dimming and on/off  to  desired 

location  actually construct a fundamental experiment system based on that concept; and verify the 

effectiveness of the newly developed control method.  . The use of electronic embedded systems for 

driving fluorescent lamps has been notably increased in last years, the main reason is their extensive 

advantages compared with electromagnetic ballasts.  The design goal has been extended to provide the 

right light using more efficient systems with design issues like: low harmonic distortion, high power 

factor, light dimming and maintenance-oriented features, reducing in this way lighting energy 

consumption and maintenance time response. One important lighting feature is the lamp remote 

controllability, which requires lamp capability to send and receive useful information, using some reliable 

communication protocol through a network, and allowing a complete remote control of a lighting 

environment. 

          The Controller Area Network (CAN) is an asynchronous serial CSMA/CD communication protocol 

for microcontrollers networks, supporting distributed real-time control with a very high level of security. 

CAN communication protocol is based on a distributed scheme, there is no central unit, allowing a direct 

data transfer between any two or more nodes without a master node mediation. The Standard ISO 11898 

defined CAN bus as a two wire reliable protocol for high-speed applications. A standard CAN bus 
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configuration is implemented with CAN nodes composed of:  microcontroller, CAN controller and CAN 

transceiver, an N nodes network is shown in Figure 1. 

 

 
Fig1. General Can Bus   Standard Configuration 

 

The identifier field length of CAN 2.0B protocol is 29 bits. Data frames are used to transmit up to 8 bytes 

of information from one specific CAN node to one or several CAN nodes. An 29 bits identifier field length 

allows more than 2048 available identifiers or logical addresses, where each one can be assigned as one 

specific functional node. J1939 provides a communication protocol over a CAN network. The CAN 

network is comprised of two or more interconnected Electronic Control Units (ECUs).As per the SAE 

J1939-11 specification. The ECUs are connected using linear shielded twisted pair wiring, with a data rate 

of 250 Kbits/second. 

II.BASIC CONCEPTS OF CAN 

 

CAN has the following properties 

 Prioritization of messages 

 Guarantee  of latency times 

 Configuration flexibility 

 Multicast reception 

 Multimaster 

 Error detection and signaling 

 Automatic retransmission of corrupted message as soon as bus idle again 

                       29 BIT  MESSAGE  IDENTIFIER 
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Figure 2 

 

III.FUNCTION OF LIGHTING NETWORK 

   

The defined network functions include: dimming and turning on/off for individual or group of lighting 

lamps, environment sensors monitoring and fault detection condition such as lamp removal, end of life or 

broken tube. The daylight sensor will sense the light intensity and gives analog voltage as input to the 

controller. Using the analog voltage the controller will generate corresponding PWM signal. The duty 

cycle of the PWM signal will control the dimming operation. The dimming level voltage is obtained from 

the average voltage of a 40 kHz PWM signal, generated within the Compare/Capture/PWM (CCP) 

module, through RC filtering. Occupancy sensor will sense the presence or absence of the image and send 

the analog value to the controller. Then the RC3 microcontroller pin controls the ON/OFF signal.  The 

fault detection condition triggers external interrupt event and the corresponding interrupt service routine 

(ISR) sends a warning through the lighting network.  
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                                         Block diagram of   lighting network using CAN bus 

 

 
 

Block diagram of embedded system 

Each CAN network node has an individual and unique assigned 29 bit identifier. The addressing map is 

divided to achieve the lighting group control, where each lighting lamp has two identifiers: an individual 

and a group one. Also some identifiers are reserved for the environment sensors to send data through the 

lighting network.  a PC-node communication one or a group of specific lighting lamps is requested to 

execute a network function in two phases. First the function command is sent through the PC serial port 

to CAN node 0 as a 4 bytes code. This code indicates both the instruction to be executed and the specific 

node (or group) identifier to be applied on. In second phase the CAN node 0 transmits the instruction code 

as a CAN data frame to the addressed node (or nodes), where identifier field includes the 11 bits identifier 
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and data field includes one byte instruction code. In the same way two phases are done in a node-PC 

communication where a specific node message is received by the PC, such as lamp fault condition or 

sensor monitoring. In first phase a CAN data frame is sent by the specific node to the CAN node 0, 

including its 11 bits identifier and a fault message code. In second phase CAN node 0 sends the received 

message code and node identifier, through the serial port, to the PC in a 5 byte format. 

 
                    Circuit of microcontroller connected to fluorescent lamp & fault detection 

                                                                  

                                                        
                                                 Fluorescent lighting lamp at 100%, 50%, 10%. 

 

In the below  Figure  is shown an individual lighting dimming test for the three fluorescent ballasts 

controlled through the CAN node 0 operating at 100%, 50% and 10%. The obtained power values were: 

27.77 watts, 15.79 watts and 3.37 watts, respectively. As the results show the proposal successfully 

performed the lighting dimming function, in the same way all other defined functions were accomplished. 
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IV.CONCULSION 

 

The embedded system based on CAN bus protocol for two wire remote monitoring and controlling of 

lighting networks is presented. The embedded system was implemented in a small prototype lighting 

network with three fluorescent lamps, one HBLED lamp, and two environment sensors namely occupancy 

and daylight sensor were used. According to obtained results the proposed system performed established 

network functions successfully, allowing the implementation of a novel fully functional CAN bus lighting 

network with a reliable remote control. The non master-slave scheme characteristic of CAN bus protocol 

allows the addition of intelligent lighting network features. 
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ABSTRACT 

 

Nowadays the performance of the vehicles has been the trend of improvement, but the efficiency of the 

vehicles has not seen good improvement as engines efficiency is limited to 30-40% and other 60-70% of the 

fuel energy is being wasted to the environment through various factors such as heat, friction & engine 

coolant. Waste heat is the heat, which is generated in a process by a fuel combustion and released into the 

environment, though it can be used for economical, and some useful purpose. Some power of IC engine is 

used to run alternator, which reduces the mileage. We have used Thermoelectric Generator (TEG’s) for 
utilizing the waste heat energy from the exhaust line through seebeck effect, which generates E.M.F with 

temperature difference; our motto is to supply this energy to the external accessories such as a portable 

mobile charger or auxiliary lights for various locations on the bike. The weight of the TEG setup is not as 

heavy as a reason it can be introduced to vehicles, the cost of the TEG is significantly affordable but the 

design, and construction of TEG is the challenging factor for us. 

Keywords: Waste heat  recovery, TEG, Thermo electric generator, Seebeck effect. 

 

I. INTRODUCTION 

 

In vehicle engines, enormous amount of heat is released to the environment. As a lot as 60-70% of the heat 

generated from combustion in an automotive fuel engine is dissipated to the environment through exhaust 

fuel and other losses which is recoverable at least partly. 

 

In the case of high-performance engines the exhaust heat is used both for turbo-charging or supercharging. A 

turbocharger makes use of a turbine attached to the exhaust machine whereas a supercharger is connected 

immediately to the engine to run a compressor. A range of other heat recuperation techniques, generally 

conceptual, has been proposed to recover the waste heat of a vehicle engine. 

 

Current ICEs are 20% to 45% environment friendly under typical using stipulations depending on the engine 

type and working conditions. The closing 55%–80% will be wasted as heat in each the coolant and the 

exhaust gases. A waste heat recovery system has the manageable to convert some of this waste heat into 

electrical energy and can be utilized to provide electricity to greater add-ons .TEGs may want to be used in 

conjunction for use in a waste heat restoration system. Their compact measurement and strong country 

layout make them perfect for automotive applications. 
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Fig.1. Heat lost chart 

 

TEGs makes use of what is acknowledged as the Seebeck impact, which is explained in Fig. 2. A TEG is made 

up of many elements of N type and P type semiconductor materials, which are connected electrically in 

sequence however thermally in parallel. When one side of the TEG is heated and the different aspect cooled, 

a voltage is generated. The voltage generation capacity there is purposes for these TEGs to generate electricity 

the place temperature variations are present. Their efficiency is generally 5% [1] and they can generate 

energy from any temperature difference. Their efficiency is restrained by means of the Carnot efficiency. So 

greater the temperature difference, the more efficient they will be. A TEG operates at about 20% of the 

Carnot efficiency over an extensive temperature vary. 

 
Fig. 2. Seebeck Effect 

 

 

II. METHODS AND MATERIAL 

 

Seebeck Effect 

Seebeck effect is a phenomenon which uses Peltier device as a mode of energy conversion wherein the 

temperature difference created by the slab placed on silencer and the fins exposed to atmosphere generates a 

sufficient amount of E.M.F. which can drive a small capacity battery or any auxiliary devices such a portable 

charger etc. hence we have designed a model for the bike Access 125 from Suzuki where we have created 

single layered slab of single material with fins within which the TEG is embedded.  
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Materials 

Table 1 

Material Mild Steel Aluminum 

Alloy 

Thermal 

Conductivity 

32W/m2K 295 W/m2K 

Usage Position Before TEG After TEG 

 

Design 

The design for heat recovery system is shown in fig. 3 with dimensions.  

 
Fig.3. Dimensions of Heat Recovery system 

 

 

III. RESULTS AND DISCUSSION 

Analysis 

The main issue with TEGs is that they have very low working temperature. For our experiment, we have 

selected TEC1-12706 whose working temperature is 150˚C. For that purpose, we have to design a slab such 

that temperature from 200˚C can be reduced to 150˚C. Analysis has been done in Ansys workbench V16 

and result is shown in fig.4. 

 

 

Fig.4. Analysis in Ansys V16 
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IV. CONCLUSION 

 

As we have described our work on the vehicle using TEG we could find that a lot of improvement can take 

place if this field is dug properly with incorporation of electrical knowledge as the electrical circuits are much 

more effective than the mechanical circuits because they are more reliable and less prone to fail but the 

challenging factor we faced is the design and the construction of these modern bikes isn’t simple and not 
same because of the emission norms restricted by the government for the less pollution emission from the 

vehicles which may help in degradation of global warming at significant level because number of vehicles on 

road keeps increasing day by day because of the advancement of the technology and innovation which has a 

significant attraction of our nation which increase the sales of automobiles.   
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ABSTRACT 

 

Nowadays the performance of the vehicles has been the trend of improvement, but the efficiency of the 

vehicles has not seen good improvement as engines efficiency is limited to 30-40% and other 60-70% of the 

fuel energy is being wasted to the environment through various factors such as heat, friction & engine 

coolant. Waste heat is the heat, which is generated in a process by a fuel combustion and released into the 

environment, though it can be used for economical, and some useful purpose. Some power of IC engine is 

used to run alternator, which reduces the mileage. We have used Thermoelectric Generator (TEG’s) for 
utilizing the waste heat energy from the exhaust line through seebeck effect, which generates E.M.F with 

temperature difference; our motto is to supply this energy to the external accessories such as a portable 

mobile charger or auxiliary lights for various locations on the bike. The weight of the TEG setup is not as 

heavy as a reason it can be introduced to vehicles, the cost of the TEG is significantly affordable but the 

design, and construction of TEG is the challenging factor for us. 

Keywords: Waste heat  recovery, TEG, Thermo electric generator, Seebeck effect. 

 

I. INTRODUCTION 

 

In vehicle engines, enormous amount of heat is released to the environment. As a lot as 60-70% of the heat 

generated from combustion in an automotive fuel engine is dissipated to the environment through exhaust 

fuel and other losses which is recoverable at least partly. 

 

In the case of high-performance engines the exhaust heat is used both for turbo-charging or supercharging. A 

turbocharger makes use of a turbine attached to the exhaust machine whereas a supercharger is connected 

immediately to the engine to run a compressor. A range of other heat recuperation techniques, generally 

conceptual, has been proposed to recover the waste heat of a vehicle engine. 

 

Current ICEs are 20% to 45% environment friendly under typical using stipulations depending on the engine 

type and working conditions. The closing 55%–80% will be wasted as heat in each the coolant and the 

exhaust gases. A waste heat recovery system has the manageable to convert some of this waste heat into 

electrical energy and can be utilized to provide electricity to greater add-ons .TEGs may want to be used in 

conjunction for use in a waste heat restoration system. Their compact measurement and strong country 

layout make them perfect for automotive applications. 
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greater the temperature difference, the more efficient they will be. A TEG operates at about 20% of the 

Carnot efficiency over an extensive temperature vary. 

 
Fig. 2. Seebeck Effect 

 

 

II. METHODS AND MATERIAL 
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Seebeck effect is a phenomenon which uses Peltier device as a mode of energy conversion wherein the 

temperature difference created by the slab placed on silencer and the fins exposed to atmosphere generates a 

sufficient amount of E.M.F. which can drive a small capacity battery or any auxiliary devices such a portable 

charger etc. hence we have designed a model for the bike Access 125 from Suzuki where we have created 

single layered slab of single material with fins within which the TEG is embedded.  
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Materials 

Table 1 

Material Mild Steel Aluminum 

Alloy 

Thermal 

Conductivity 

32W/m2K 295 W/m2K 

Usage Position Before TEG After TEG 

 

Design 

The design for heat recovery system is shown in fig. 3 with dimensions.  

 
Fig.3. Dimensions of Heat Recovery system 

 

 

III. RESULTS AND DISCUSSION 

Analysis 

The main issue with TEGs is that they have very low working temperature. For our experiment, we have 

selected TEC1-12706 whose working temperature is 150˚C. For that purpose, we have to design a slab such 

that temperature from 200˚C can be reduced to 150˚C. Analysis has been done in Ansys workbench V16 

and result is shown in fig.4. 

 

 

Fig.4. Analysis in Ansys V16 
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IV. CONCLUSION 

 

As we have described our work on the vehicle using TEG we could find that a lot of improvement can take 

place if this field is dug properly with incorporation of electrical knowledge as the electrical circuits are much 

more effective than the mechanical circuits because they are more reliable and less prone to fail but the 

challenging factor we faced is the design and the construction of these modern bikes isn’t simple and not 
same because of the emission norms restricted by the government for the less pollution emission from the 

vehicles which may help in degradation of global warming at significant level because number of vehicles on 

road keeps increasing day by day because of the advancement of the technology and innovation which has a 

significant attraction of our nation which increase the sales of automobiles.   
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MODELING AND SIMULATION OF SINGLE PHASE HALF WAVE 

CONTROLLED RECTIFIER WITH R, RL, AND RLE LOAD 

  To create a model and simulate a single phase half wave controlled rectifier to observe the 

following waveforms with R, RL, and RLE load by using MATLAB/SIMULINK. 

(1) Input voltage

(2) Gate pulse

(3) Voltage across load with and without Flywheel Diode.

(4) Load Current

(5) Voltage across SCR

Requirements: 

Table 1:      single phase half wave controlled rectifier with RLE load for α = 30(deg) 

Components Tool Box / 

Library browser 

Block parameters

 Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

        Phase(deg) =0 

  Frequency(Hz) =50 

  Sample time =0 

Thyristor Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse Simulink / Sources Pulse Generator  Amplitude =1 

        Period(secs) =1/50 

Pulse Width(% of period) =5  

Phase delay(secs)=1.667e-03 

Load Simpower Systems / 

Elements 

Series RLC Branch  Resistance(Ohm) =5 

   Inductance(H) =10e-03 

  Capacitance(F) =inf 

DC Voltage source Simpower systems / 

Electrical sources 

DC voltage source   Amplitude(E) = 50  

�



Steps to create modeling by using MATLAB/SIMULINK: 

1. Click on File� New�Model.

2. On resulting window click on library Browser, a simulink library browser will appear.

3. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

4. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

5. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

6. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

7. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

8. For single phase half wave controlled rectifier with RLE load, components required

and its parameter values for firing angle of 30(deg) are tabulated in Table 1. The

schematic arrangement is shown in schematic diagram 3.

9. For single phase half wave controlled rectifier with RL load, components required and

its parameter values are similar to that of RLE load, except E parameter. That is DC

voltage source block must remove from schematic. The schematic arrangement of

without and with freewheeling diode are shown in schematic diagram 2(a) and 2(b)

respectively.

10. For single phase half wave controlled rectifier with R load, components required and

its parameter values are similar to that of RLE load, except L and E parameters. That is L

Procedure: 

�



must set to 0, and DC voltage source is removed from the schematic. The schematic 

arrangement is shown in schematic diagram 1. 

11. Before simulating the circuit, ensure that all the blocks are connected properly. The most 

common error encountered is ‘floating node’. This usually means that there is some 

problem in interconnects.  

 

Steps to simulating the circuit by using MATLAB/SIMULINK: 

1. After correcting all floating node errors start by creating a simulation. 

2. Click on simulation�configuration parameters and make sure that solver option is 

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power 

electronics tools. And the stop time value should be 1/50 for 50Hz or 1/60 for 60Hz 

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/50) 

for 50Hz supply, where n=1, 2, 3…. 

3. To run the simulation, select simulation� start. 

4. If any errors are reported here. Correct schematic or the simulation settings and re-run 

simulation.  

5. To view simulation plots on simulation window, double click the scope in the schematic. 

The scope block corresponding to voltage measurement and current measurement blocks 

gives voltage and current waveforms respectively with respect to time. 

6. The waveforms obtained are shown in waveform 1, 2, and 3 for respective R, RL, and 

RLE loads. The waveforms for RL load without freewheeling diode and with 

freewheeling diode shown in waveform 2(a) and 2(b).  

7. Here the input voltage and gate pulse waveforms are same for all type of load, so these 

two waveforms are shown in shown in waveform 1 alone, not in later waveforms. So 

please understand that these two waveforms are common for all loads. 

 

Note: 

 In this Experiment , all the waveforms shown here are observed using “ To Workspace” 

Block from Simulink / sinks library.  

 

 

�



Schematic diagram: 1 

Single phase half wave controlled rectifier with R load 

�



 

Waveform: 1                      

Single Phase Half Wave controlled Rectifier with R load for α=30(deg) 
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Schematic diagram: 2 

Single phase half wave controlled rectifier with RL load  

 

(a) Without freewheeling diode: 

 

�



(b) With freewheeling diode:

Waveform: 2 

Single phase half wave controlled rectifier with RL load for α=30 (deg) 

	



(a) Without freewheeling diode 
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(b) With freewheeling diode
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Single phase half wave controlled rectifier with RLE load 

Schematic diagram: 3 

��



Waveform: 3 

Single phase half wave controlled rectifier with RLE load for α=30 (deg) 
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Problem : 2 : MODELLING AND SIMULATION OF SINGLE PHASE HALF 

CONTROLLED BRIDGE RECTIFIER WITH R, RL, AND RLE LOADS. 

   To model and simulate the single phase half wave controlled bridge rectifier with R, RL, and 

RLE loads by using MATLAB/SIMULINK. 

Requirements: 

Table 1:      single phase half wave controlled bridge rectifier with loads for α = 36(deg) 

8. in shown in waveform 1 alone, not in later waveforms. So please understand that these

Procedure: 

Components Tool Box / 

Library browser 

Block parameters

AC Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

        Phase(deg) =0 

  Frequency(Hz) =50 

Thyristors (T1&T3) Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Diodes(D2&D4) Simpower Systems / 

Power Electronics 

Diode

  Default 

Gate Pulse(G1) 

Simulink / Sources Pulse Generator  Amplitude =1 

        Period(secs) =20e-3 

Pulse Width(% 0f period)=10   

Phase delay(secs)=2e-03 

Gate Pulse(G3) 

Simulink / Sources Pulse Generator  Amplitude =1 

       Period(secs) =20e-3 

Pulse Width(% of period)=10   

Phase delay(secs)=12e-03 

Load Simpower Systems / 

Elements 

Series RLC Branch  Resistance(Ohm) =10 

   Inductance(H) =8e-03 

  Capacitance(F) =inf 

DC Voltage source Simpower systems / 

Electrical sources 

DC voltage source   Amplitude(E) = 50  
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Steps to create modeling by using MATLAB/SIMULINK: 

1. Click on File� New�Model.

2. On resulting window click on library Browser, a simulink library browser will appear.

3. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

4. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

5. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

6. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

7. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

8. For single phase half controlled Bridge rectifier with RLE load, components required

and its parameter values for firing angle of 36(deg) are tabulated in Table 1. The

schematic arrangement is shown in schematic diagram 3.

9. For single phase half controlled Bridge rectifier with RL load, components required

and its parameter values are similar to that of RLE load, except E parameter. That is DC

voltage source block must remove from schematic. The schematic arrangement is shown

in schematic diagram 2.
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10. For single phase half controlled Bridge rectifier with R load, components required and

its parameter values are similar to that of RLE load, except L and E parameters. That is L

must set to 0, and DC voltage source is removed from the schematic. The schematic

arrangement is shown in schematic diagram 1.

11. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 

9. After correcting all floating node errors start by creating a simulation.

10. Click on simulation�configuration parameters and make sure that solver option is

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power

electronics tools. And the stop time value should be 1/50 for 50Hz or 1/60 for 60Hz

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/50)

for 50Hz supply, where n=1, 2, 3…. 

11. To run the simulation, select simulation� start.

12. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

13. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

14. The waveforms obtained are shown for respective R, RL, and RLE loads. The

waveforms obtained for RL load and RLE load are of both CONTINUOUS AND

DISCONTINUOUS.
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Schematic diagram: 1 

Single phase half controlled Bridge rectifier with R load 
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WAVEFORMS FOR R-LAOD:  ( R =10) 
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Schematic diagram: 2 

Single phase half controlled Bridge rectifier with RL load 
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WAVEFORMS FOR CONTINUOUS MODE FOR RL LOAD:  (L=20mh, R=10) 
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WAVEFORMS FOR DISCONTINUOUS MODE FOR RL LOAD:  (L=8mh, R=10) 
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Schematic diagram: 3 

Single phase half controlled Bridge rectifier with RLE load 
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WAVEFORMS FOR CONTINUOUS MODE FOR RLE LOAD:  ( L= 40mh,E=50v,R=10) 
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 WAVEFORMS FOR DISCONTINUOUS MODE FOR RLE LOAD: (L=8mh,E=50,R=10) 
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Problem : 3: MODELING AND SIMULATION OF SINGLE PHASE FULLY 

CONTROLLED BRIDGE RECTIFIER WITH SOURCE INDUCTANCE 

To create a model and simulate a single phase fully controlled bridge rectifier with source 

inductance to observe the following waveforms with R, RL, and RLE load by using 

MATLAB/SIMULINK. 

(6) Output  voltage

(7) Load Current

(8) Current through the incoming thyristor and outgoing thyristor.

Requirements: 
Table 1:  Single phase fully controlled bridge rectifier with source inductance with RLE load 

Components Tool Box / 

Library browser 

Block Parameters

 Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

  Phase(deg) =0 

  Frequency(Hz) =50 

  Sample time =0 

Source Inductance 

Simpower Systems / 

Elements 

Series RLC Branch   Resistance(Ohm) =0 

  Inductance(H) = 

 (R-Load ) =10e-03 

(RL & RLE Load ) = 20e-03 

  Capacitance(F) =inf. 

Thyristor Simpower Systems / 

Power Electronics 

Thyristor

  Default. 

Gate pulse 

(G1&G2) 

Simulink /Sources Pulse Generator   Amplitude=1 

  Period(secs)=1/50 

  Pulse Width(% of period)=5 

  Phase delay(secs)=1.67e-03 

  (α=30deg) 

Gate Pulse 

(G3&G4) 

Simulink / Sources Pulse Generator   Amplitude =1 

  Period(secs) =1/50 

  Pulse Width(% of period)=5 

  Phase delay(secs)=11.67e-3 

  (α=210deg) 

Load Simpower Systems / 

Elements 

Series RLC Branch   Resistance(Ohm) =10 

  Inductance(H) =20e-03 

  Capacitance(F) =inf 

DC Voltage source Simpower systems / 

Electrical sources 

DC voltage source   Amplitude(E) = 50  
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Steps to create modeling by using MATLAB/SIMULINK:  

12. Click on File� New�Model. 

13. On resulting window click on library Browser, a simulink library browser will appear. 

14. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox, 

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to 

organize the circuit elements. 

15. To get any one of the element in series RLC branch, such as R, L, or C, click on series 

RLC branch block in the Simpower System/Element library, and enter the parameters 

value in such a way that other two elements are invisible. That is to eliminate resistance, 

inductance, or capacitance of the branch, the R, L and C values must be set respectively 

to 0, 0 and inf.       

16. To change the circuit parameters applicable to the block by double clicking on the 

block/element and type the values. Keep the values default for some blocks like thyristor, 

diodes, mosfet etc.  

17. To measure/observe the voltage across or current passes through the electrical 

block/device, connect voltage measurement or current measurement blocks 

respectively with the electrical block, it is available on the library Simpower 

System/measurement.  

18. To observe the waveform in figure window, scope block is connected with voltage 

measurement and current measurement blocks. This scope block is available by click on 

Library browser�simulink/source�scope.  

19. For single phase fully controlled rectifier with source inductance with RLE load, 

components required and its parameter values for firing angle of 30(deg) are tabulated in 

Table 1. The schematic arrangement is shown in schematic diagram 3. 

20. For single phase fully controlled rectifier with source inductance, for R and RL 

LOAD components required and its parameter values are similar to that of RLE load, 

except E parameter. That is DC voltage source block must remove from schematic. 

21. Before simulating the circuit, ensure that all the blocks are connected properly. The most 

common error encountered is ‘floating node’. This usually means that there is some 

problem in interconnects.  
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Steps to simulating the circuit by using MATLAB/SIMULINK: 

15. After correcting all floating node errors start by creating a simulation.

16. Click on simulation�configuration parameters and make sure that solver option is

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power

electronics tools. And the stop time value should be 1/50 for 50Hz or 1/60 for 60Hz

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/50)

for 50Hz supply, where n=1, 2, 3…. 

17. To run the simulation, select simulation� start.

18. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

19. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

20. The waveforms obtained are shown in waveform 1, 2, and 3 for respective R, RL, and

RLE loads.

21. Here the output voltage, output current and current through thyristors are shown for

various loads.
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SCHEMATIC DIAGRAM : 1 

Single Phase Fully Controlled Bridge Converter with SOURCE INDUCTANCE for R-load 

at α=30(deg) : (R=10, Ls=20e-03) 
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WAVEFORMS :1 

Single Phase Fully Controlled Bridge Rectifier With SOURCE INDUCTANCE For R-load 

at α=30(deg)  
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SCHEMATIC DIAGRAM : 2 

 

Single Phase Fully Controlled Bridge Converter with SOURCE INDUCTANCE for RL 

load at α=30(deg) : (R=10,L=30mH Ls=20mH) 
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WAVEFORMS : 

Single Phase Fully Controlled Bridge Rectifier With SOURCE INDUCTANCE For RL-

load at α=30(deg)  

SCHEMATIC DIAGRAM : 3 

Single Phase Fully Controlled Bridge Converter with SOURCE INDUCTANCE for RLE 

load at α=30(deg) : (R=10,L=30emH Ls=20mH,E=50V) 

��



��



WAVEFORMS 3 : 

Single Phase Fully Controlled Bridge Rectifier With SOURCE INDUCTANCE For RLE-

load at α=30(deg)  

Result:  
  A single phase fully controlled bridge rectifier with source inductance model is created &  

analyzed the various waveforms with R, RL, and RLE load by using MATLAB/SIMULINK. 
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Problem : 4: MODELLING AND SIMULATION OF THREE PHASE 

SEMICONVERTER WITH R, RL, AND RLE LOADS. 

   To model and simulate the three phase semi converter with R, RL, and RLE loads by using 

MATLAB/SIMULINK. 

Requirements: 

Table 1:      three phase semi converter with loads for α = 60(deg) 

Components Tool Box / Library 

browser 

Block Parameters

AC Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

        Phase(deg) =0   

Frequency(Hz) =50 

Thyristors 

(T1,T3&T5) 

Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Diodes(D2,D4&D6) Simpower Systems / 

Power Electronics 

Diode

  Default 

Gate Pulse(G1) Simulink / Sources Pulse Generator 

 Amplitude =1 

        Period(secs) =20e-3 

Pulse Width(% 0f period)=1   

Phase delay(secs)=3.33e-03 

Gate Pulse(G2) Simulink / Sources Pulse Generator Amplitude =1 

 Period(secs) =20e-3 Pulse 

Width(% of period)=1   Phase 

delay(secs)=10e-03 

Gate Pulse(G3)   Simulink / Sources Pulse Generator  Amplitude =1 

       Period(secs) =20e-3 

Pulse Width(% of period)=1   
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Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

1. Click on File� New�Model.

2. On resulting window click on library Browser, a simulink library browser will appear.

3. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

4. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

5. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

6. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

7. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

Phase delay(secs)=16.66e-03 

  Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =10 

   Inductance(H) =5e-03 

  Capacitance(F) =inf 

DC Voltage source Simpower systems / 

Electrical sources 

DC voltage source   Amplitude(E) = 100  
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8. For three phase semiconverter with RLE load, components required and its parameter

values for firing angle of 60(deg) are tabulated in Table 1. The schematic arrangement is

shown in schematic diagram 3.

9. For three phase semiconverter with RL load, components required and its parameter

values are similar to that of RLE load, except E parameter. That is DC voltage source

block must remove from schematic. The schematic arrangement is shown in schematic

diagram 2.

10. For three phase semiconverter with R load, components required and its parameter

values are similar to that of RLE load, except L and E parameters. That is L must set to 0,

and DC voltage source is removed from the schematic. The schematic arrangement is

shown in schematic diagram 1.

11. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 

12. After correcting all floating node errors start by creating a simulation.

13. Click on simulation�configuration parameters and make sure that solver option is

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power

electronics tools. And the stop time value should be 1/50 for 50Hz or 1/60 for 60Hz

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/50)

for 50Hz supply, where n=1, 2, 3…. 

14. To run the simulation, select simulation� start.

15. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

16. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

17. The waveforms obtained are shown for respective R, RL, and RLE loads. The

waveforms obtained for RL load and RLE load are of both CONTINUOUS AND

DISCONTINUOUS.

��



Schematic diagram: 1 

Three phase semi converter with R load 
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THREE PHASE HALF CONTROLLED BRIDGE CONVERTER 

WITH R LOAD FOR FIRING ANGLE =30 
(R=10ohm) 
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Three phase semi converter with RL load 
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Schematic diagram: 2 
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THREE PHASE HALF CONTROLLED BRIDGE CONVERTER 

WITH RL LOAD FOR FIRING ANGLE =30 
(R=10ohm, L=5mh) 
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THREE PHASE HALF CONTROLLED BRIDGE CONVERTER 

FOR RL LOAD FOR FIRING ANGLE=90 
(R=10ohm, L=5mh) 
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THREE PHASE HALF CONTROLLED BRIDGE CONVERTER 

FOR RL LOAD FIRING ANGLE=120 

(R=10 ohm, L=5mh) 
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Schematic diagram: 3 

Three phase semi converter with RLE load 
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L=10 mh
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THREE PHASE HALF CONTROLLED BRIDGE CONVERTER 

FOR RLE LOAD FIRING ANGLE=30 

(R=10 ohm, L=5mh) 

THREE PHASE HALF CONTROLLED BRIDGE CONVERTER 

FOR RL LOAD FOR FIRING ANGLE=60 
(R=10ohm, L=5mh) 
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THREE PHASE HALF CONTROLLED BRIDGE CONVERTER 

FOR RL LOAD FIRING ANGLE=120 

(R=10 ohm, L=5mh) 
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Result:  

        The model of Three phase semi converter with R, RL, and RLE load is created and 

simulated by using MATLAB/SIMULINK and the corresponding waveforms are observed. 
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Problem : 5 : MODELLING AND SIMULATION OF THREE PHASE FULLY 

CONTROLLED RECTIFIER WITH SOURCE INDUCTANCE FOR R, RL,RLE 

LOAD. 

   To model and simulate the three phase full controlled  rectifier with source inductance for R, 

RL, and RLE loads by using MATLAB/SIMULINK. 

Requirements: 
Table 1:      Three phase full wave controlled  rectifier with loads 

Components Tool Box / 

Library browser 

Block Parameters

AC Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

        Phase(deg) =0 

  Frequency(Hz) =50 

AC Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

      Phase(deg) =-120 

  Frequency(Hz) =50 

AC Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

      Phase(deg) =-240 

  Frequency(Hz) =50 

Thyristors 

(T1,T2,T3,T4,T5&T6) 

Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse(G1) Simulink / Sources Pulse Generator  Amplitude =1 

  Period(secs) =20e-3 

Pulse Width(% 0f 

period)=33        

Phase delay(secs)=1.667e-3 

Gate Pulse(G2) Simulink / Sources Pulse Generator   Amplitude =1 

 Period(secs) =20e-3 

Pulse Width(% 0f 

period)=33  

Phase delay(secs)=11.6e-3 
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Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

1. Click on File� New�Model.

2. On resulting window click on library Browser, a simulink library browser will appear.

3. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

4. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

Gate Pulse(G3) 

Simulink / Sources Pulse Generator  Amplitude =1 

  Period(secs) =20e-3 

Pulse Width(% of 

period)=33    

Phase delay(secs)=8.33e-03 

Gate Pulse(G4) 

Simulink / Sources Pulse Generator  Amplitude =1 

  Period(secs) =20e-3 

Pulse Width(% of 

period)=33    

Phase delay(secs)=18.33e-03 

Gate Pulse(G5) 

Simulink / Sources Pulse Generator  Amplitude =1 

  Period(secs) =20e-3 

Pulse Width(% of 

period)=33    

Phase delay(secs)=15e-03 

Gate Pulse(G6) 

Simulink / Sources Pulse Generator  Amplitude =1 

  Period(secs) =20e-3 

Pulse Width(% of 

period)=33    

Phase delay(secs)=5e-03 

Load Simpower Systems / 

Elements 

Series RLC Branch  Resistance(Ohm) =20 

   Inductance(H) =20e-03 

  Capacitance(F) =inf 

DC Voltage source Simpower systems / 

Electrical sources 

DC voltage source   Amplitude(E) = 50  
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value in such a way that other two elements are invisible. That is to eliminate resistance, 

inductance, or capacitance of the branch, the R, L and C values must be set respectively to 

0, 0 and inf.       

5. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

6. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

7. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

8. For three phase full controlled  rectifier with source inductance for RLE load,

components required and its parameter values for firing angle of 30(deg) are tabulated in

Table 1. The schematic arrangement is shown in schematic diagram 3.

9. For three phase full controlled rectifier with source inductance for RL load,

components required and its parameter values are similar to that of RLE load, except E

parameter. That is DC voltage source block must remove from schematic.

10. For three phase full controlled  rectifier with source inductance for R load,

components required and its parameter values are similar to that of RLE load, except L

and E parameters. That is L must set to 0, and DC voltage source is removed from the

schematic. The schematic arrangement is shown in schematic diagram 1.

11. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 

1. After correcting all floating node errors start by creating a simulation.

2. Click on simulation�configuration parameters and make sure that solver option is

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power

electronics tools. And the stop time value should be 1/50 for 50Hz or 1/60 for 60Hz

��



supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/50) 

for 50Hz supply, where n=1, 2, 3…. 

3. To run the simulation, select simulation� start. 

4. If any errors are reported here. Correct schematic or the simulation settings and re-run 

simulation.  

5. To view simulation plots on simulation window, double click the scope in the 

schematic. The scope block corresponding to voltage measurement and current 

measurement blocks gives voltage and current waveforms respectively with respect to 

time. 

6. The waveforms obtained are shown in waveform 1, 2, and 3 for respective R, RL, and 

RLE loads with source inductance. 

 

Schematic diagram: 1  

Three phase Fully controlled rectifier with source inductance for R load 
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Waveform 1(a) 
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Waveforms for R load with source inductance for α=30 

Waveform 1(b) 

Waveforms for R load with source inductance for α=60 
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Waveform 2(a) 

Waveforms for RL load with source inductance for α=30 

Schematic diagram: 2 

Three phase Fully controlled rectifier with source inductance for RL load 

��



Waveform 2(b) 
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Waveforms for RL load with source inductance for α=60 

Schematic diagram: 3 

Three phase Fully controlled rectifier with source inductance for RLE load 

��



Waveform 3(a) 

�	



Waveforms for RLE load with source inductance for α=30 

Waveform 3(b) 

�




Waveforms for RLE load with source inductance for α=60 

Result: 

A three phase fully controlled rectifier with source inductance for R,RL & RLE loads is created 

and analyzed the various waveforms by using MATLAB/ SIMULINK. 
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Problem : 6 : MODELING AND SIMULATION OF TYPE  A (FIRST QUADRANT) 

CHOPPER 

   To model and simulate the Type A chopper for R, RL, RLE loads by using 

MATLAB/SIMULINK. 

Requirements: 

Table 1: Type A chopper with loads for D=0.4 

Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

1. Click on File� New�Model.

2. On resulting window click on library Browser, a simulink library browser will appear.

Components Tool Box / 

Library browser 

Block parameters

DC Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source 

 Amplitude(v) =25 

MOSFET Simpower Systems / 

Power Electronics Mosfet   Default 

 Gate Pulse(G1) Simulink / Sources Pulse Generator 

Amplitude =1 

Period(sec) =1/100e03        

Pulse Width(% 0f period)=40   

Phase delay(sec)=0 

  Load Simpower Systems / 

 Elements 

Series RLC Branch 

Resistance(Ohm) =10 

Inductance(H) = 35e-06 

Capacitance(F) =inf 

DC Voltage source Simpower Systems / 

 Electrical sources 

DC voltage source Amplitude(E)=12 

��



3. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

4. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

5. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

6. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

7. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

8. For Type A chopper for R load, components required and its parameter values for duty

ratio 0.5 are tabulated in Table 1. The schematic arrangement is shown in schematic

diagram 1.

9. For RL load Type A chopper, components required and its parameter values are similar

to that of R load, except L parameter.  The schematic arrangement is shown in schematic

diagram 2.

10. For RLE load, Type A chopper components required and its parameter values are

similar to that of R load, except L and E parameters. And DC voltage source is added to

the schematic. The schematic arrangement is shown in schematic diagram 3

��



11. Before simulating the circuit, ensure that all the blocks are connected properly. The most 

common error encountered is ‘floating node’. This usually means that there is some 

problem in interconnects.  

Steps to simulating the circuit by using MATLAB/SIMULINK: 

12. After correcting all floating node errors start by creating a simulation. 

13. Click on simulation�configuration parameters and make sure that solver option is 

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power 

electronics tools. And the stop time value should be 1/20k for 20k or 1/100k for 100k 

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/20k 

for 20k supply, where n=1, 2, 3…. 

14. To run the simulation, select simulation� start. 

15. If any errors are reported here. Correct schematic or the simulation settings and re-run 

simulation.  

16. To view simulation plots on simulation window, double click the scope in the 

schematic. The scope block corresponding to voltage measurement and current 

measurement blocks gives voltage and current waveforms respectively with respect to 

time. 

17. The waveforms obtained are shown for respective R, RL, and RLE loads. The 

waveforms obtained for RL load and RLE load are of both CONTINUOUS AND 

DISCONTINUOUS. 
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Schematic Diagram: 1 

  Type A Chopper With R Load. 
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Waveforms: 
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Schematic Diagram: 2 

   Type A Chopper With RL Load. 
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Waveforms: 
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Schematic Diagram: 3 

Type A Chopper With RLE Load. 
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Waveforms: 
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Result:  

       The model of Type A chopper with R, RL and RLE load is created and simulated by using 

MATLAB/SIMULINK and the corresponding waveforms are observed. 
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Problem : 7 : MODELING AND SIMULATION OF TYPE A (FIRST QUADRANT) 

CHOPPER 

  To model and simulate the Type A chopper for R, RL, RLE loads by using 

MATLAB/SIMULINK. 

Requirements: 

Table 1: Type A chopper with loads for D=0.4 

Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

12. Click on File� New�Model.

13. On resulting window click on library Browser, a simulink library browser will appear.

14. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

Components Tool Box / 

Library browser 

Block parameters

DC Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source 

 Amplitude(v) =25 

MOSFET Simpower Systems / 

Power Electronics Mosfet   Default 

 Gate Pulse(G1) Simulink / Sources Pulse Generator 

Amplitude =1 

Period(sec) =1/100e03        

Pulse Width(% 0f period)=40   

Phase delay(sec)=0 

  Load Simpower Systems / 

 Elements 

Series RLC Branch 

Resistance(Ohm) =10 

Inductance(H) = 35e-06 

Capacitance(F) =inf 

DC Voltage source Simpower Systems / 

 Electrical sources 

DC voltage source Amplitude(E)=12 
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15. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

16. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

17. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

18. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

19. For Type A chopper for R load, components required and its parameter values for duty

ratio 0.5 are tabulated in Table 1. The schematic arrangement is shown in schematic

diagram 1.

20. For RL load Type A chopper, components required and its parameter values are similar

to that of R load, except L parameter.  The schematic arrangement is shown in schematic

diagram 2.

21. For RLE load, Type A chopper components required and its parameter values are

similar to that of R load, except L and E parameters. And DC voltage source is added to

the schematic. The schematic arrangement is shown in schematic diagram 3

22. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

��



Steps to simulating the circuit by using MATLAB/SIMULINK: 

 

22. After correcting all floating node errors start by creating a simulation. 

23. Click on simulation�configuration parameters and make sure that solver option is 

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power 

electronics tools. And the stop time value should be 1/20k for 20k or 1/100k for 100k 

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/20k 

for 20k supply, where n=1, 2, 3…. 

24. To run the simulation, select simulation� start. 

25. If any errors are reported here. Correct schematic or the simulation settings and re-run 

simulation.  

26. To view simulation plots on simulation window, double click the scope in the 

schematic. The scope block corresponding to voltage measurement and current 

measurement blocks gives voltage and current waveforms respectively with respect to 

time. 

27. The waveforms obtained are shown for respective R, RL, and RLE loads. The 

waveforms obtained for RL load and RLE load are of both CONTINUOUS AND 

DISCONTINUOUS. 

   Note:  

                In this Experiment all the waveforms shown here are observed using “To Workspace” 

Block from Simulink / sinks library. 
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Schematic Diagram: 1 

    Type A Chopper With R Load. 
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Waveforms: 
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Schematic Diagram: 2 

    Type A Chopper With RL Load. 
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Schematic Diagram: 3 

Type A Chopper With RLE Load. 
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Waveforms: 

	�



Result:  
        The model of Type A chopper with R, RL and RLE load is created and simulated by using 

MATLAB/SIMULINK and the corresponding waveforms are observed. 
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Problem : 8 : MODELING AND SIMULATION OF SECOND QUADRANT 

CHOPPER 

  

 

   To model and simulate the second quadrant chopper for RLE loads by using 

MATLAB/SIMULINK. 

Requirements: 

Table 1: Second quadrant chopper with loads for D=0.5 

Procedure: 

Steps to create modeling by using MATLAB/SIMULINK:  

 

23. Click on File� New�Model. 

24. On resulting window click on library Browser, a simulink library browser will appear. 

Components Tool Box / 

Library browser 

Block parameters 

 

DC Voltage Source 

 

Simpower Systems / 

Electrical sources 

 

DC voltage source 

Peak Amplitude(v) =230 

                                                  

 

MOSFET Simpower Systems / 

Power Electronics 

 

Thyristor 

 

              Default 

 

   Gate Pulse(G1) 

 

 

 

 

Simulink / Sources 

 

 

 

 

Pulse Generator 

 

 

 

Amplitude =1 

Period(sec) =5*10^-5               

Pulse Width(% 0f period)=50   

Phase delay(sec)=0 

                    

 

      Load 

 

Simpower Systems /  

     Elements 

 

Series RLC Branch 

 

Resistance(Ohm) =10 

Inductance(H) =8e-03 

Capacitance(F) =INF 

 

DC Voltage source 

 

Simpower Systems /  

   Electrical sources 

 

DC voltage source 

 

Amplitude(E)=50 
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25. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox, 

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to 

organize the circuit elements. 

26. To get any one of the element in series RLC branch, such as R, L, or C, click on series 

RLC branch block in the Simpower System/Element library, and enter the parameters 

value in such a way that other two elements are invisible. That is to eliminate resistance, 

inductance, or capacitance of the branch, the R, L and C values must be set respectively 

to 0, 0 and inf.       

27. To change the circuit parameters applicable to the block by double clicking on the 

block/element and type the values. Keep the values default for some blocks like thyristor, 

diodes, mosfet etc.  

28. To measure/observe the voltage across or current passes through the electrical 

block/device, connect voltage measurement or current measurement blocks 

respectively with the electrical block, it is available on the library Simpower 

System/measurement.  

29. To observe the waveform in figure window, scope block is connected with voltage 

measurement and current measurement blocks. This scope block is available by click on 

Library browser�simulink/source�scope.  

30. For Two quadrant chopper for RLE load, components required and its parameter 

values for duty  ratio 0.5 are tabulated in Table 1. The schematic arrangement is shown in 

schematic diagram 1. 

31. Before simulating the circuit, ensure that all the blocks are connected properly. The most 

common error encountered is ‘floating node’. This usually means that there is some 

problem in interconnects.  

 

 

Steps to simulating the circuit by using MATLAB/SIMULINK: 

 

28. After correcting all floating node errors start by creating a simulation. 

29. Click on simulation�configuration parameters and make sure that solver option is 

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power 

	�



electronics tools. And the stop time value should be 1/20k for 20k or 1/100k for 100k 

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/20k 

for 20k supply, where n=1, 2, 3…. 

30. To run the simulation, select simulation� start.

31. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

32. To view simulation plots on simulation window, double click the scope in the

schematic. The scope block corresponding to voltage measurement and current

measurement blocks gives voltage and current waveforms respectively with respect to

time.

33. The waveforms obtained are shown for respective R, RL, and RLE loads. The

waveforms obtained for RL load and RLE load are of both CONTINUOUS AND

DISCONTINUOUS.

Schematic diagram:       Type B Chopper With RLE Load 

		



Waveforms: 

Result:  

        The model of Second quadrant chopper with  RLE load is created and simulated by using 

MATLAB/SIMULINK and the corresponding waveforms are observed. 

	




Problem : 9 : MODELING AND SIMULATION OF SERIES INVERTER 

  To create a model and simulate a Series Inverter to observe the following waveforms by     

using MATLAB/SIMULINK. 

(9) Input voltage

(10) Gate pulses

(11) Voltage across R,L,C.

(12) Load Current

Requirements: 
Table 1:      single phase Series Inverter 

Components Tool Box / 

Library browser 

Block parameters

 Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source   Amplitude(v) =100 

Thyristor Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse G1 Simulink / Sources Pulse Generator Amplitude =2 

Period(secs) =1.154 e-3  

Pulse Width(% of period) =50  

Phase delay(secs)=0 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =2 

Period(secs) =1.154 e-3 Pulse 

Width(% of period) =50        

Phase delay(secs)=0.577e-3 

Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =100 

 Inductance(H) =6e-03 

 Capacitance(F) =1.2e-6 
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Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

22. Click on File� New�Model.

23. On resulting window click on library Browser, a simulink library browser will appear.

24. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

25. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

26. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

27. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

28. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

29. For single phase Series inverter, components required and its parameter values

tabulated in Table 1. The schematic arrangement is shown in schematic diagram .

30. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.
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Steps to simulating the circuit by using MATLAB/SIMULINK: 

34. After correcting all floating node errors start by creating a simulation.

35. Click on simulation�configuration parameters and make sure that solver option is

‘ode23tb(mod.stiff/trapezoidal)’, it is essential when circuit contains power system or

power electronics tools.

36. To run the simulation, select simulation� start.

37. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

38. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

39. The waveforms obtained are shown in Fig 1, 2.

Note:

 In this Experiment , all the waveforms shown here are observed using “ To Workspace” 

Block from Simulink / sinks library.  
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Schematic diagram: 1 

Single phase Series Inverter 

Waveform: 1  

Single Phase Half Wave controlled Rectifier with R load for α=30(deg) 
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Result:  
  A single phase Series Inverter model is created and analyzed the various waveforms  by 

using MATLAB/SIMULINK. 
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Problem : 10: MODELING AND SIMULATION OF PARALLEL INVERTER 

To create a model and simulate a Parallel Inverter to observe the following waveforms by     

using MATLAB/SIMULINK. 

(13) Input voltage

(14) Gate pulses

(15) Output Voltage across R.

(16) Voltage across Transformer primary And Secondary Windings

Requirements: 
Table 1:      single phase Parallel Inverter 

Components Tool Box / 

Library browser 

Block parameters

 Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source   Amplitude(v) =100 

Thyristor Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse G1 Simulink / Sources Pulse Generator Amplitude =2 

Period(secs) =0.01 

Pulse Width(% of period) =50  

Phase delay(secs)=0 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =2 

Period(secs) =0.01 

Pulse Width(% of period) =50  

Phase delay(secs)=0.005 

Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =20 

 Inductance(H) =0 

 Capacitance(F) =inf 

Capacitor Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =0 

 Inductance(H) =0 

 Capacitance(F) =20e-6 

Linear Transformer Simpower Systems / 

Elements 

Linear 

Transformer 

** 


�



**Required Parameters for Linear transformer are as follows. 

• Nominal power and frequency = [50 50] 

• Winding 1 parameters =[100 .002 .08] 

• Winding 2 parameters =[100 .002 .08] 

• Winding 3 parameters =[100 .002 .08] 

• Magnetizing Resistance and reactance = [500 500] 

 

 

Procedure: 

Steps to create modeling by using MATLAB/SIMULINK:  

31. Click on File� New�Model. 

32. On resulting window click on library Browser, a simulink library browser will appear. 

33. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox, 

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to 

organize the circuit elements. 

34. To get any one of the element in series RLC branch, such as R, L, or C, click on series 

RLC branch block in the Simpower System/Element library, and enter the parameters 

value in such a way that other two elements are invisible. That is to eliminate resistance, 

inductance, or capacitance of the branch, the R, L and C values must be set respectively 

to 0, 0 and inf.       

35. To change the circuit parameters applicable to the block by double clicking on the 

block/element and type the values. Keep the values default for some blocks like thyristor, 

diodes, mosfet etc.  

36. To measure/observe the voltage across or current passes through the electrical 

block/device, connect voltage measurement or current measurement blocks 

respectively with the electrical block, it is available on the library Simpower 

System/measurement.  

37. To observe the waveform in figure window, scope block is connected with voltage 

measurement and current measurement blocks. This scope block is available by click on 

Library browser�simulink/source�scope.  
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38. For single phase Parallel inverter, components required and its parameter values

tabulated in Table 1. The schematic arrangement is shown in schematic diagram .

39. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 

40. After correcting all floating node errors start by creating a simulation.

41. Click on simulation�configuration parameters and make sure that solver option is

‘ode23tb(stiff/TR-BDF2)’, it is essential when circuit contains power system or power

electronics tools.

42. To run the simulation, select simulation� start.

43. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

44. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

45. The waveforms obtained are shown in Fig 1, 2.

Note:

 In this Experiment , all the waveforms shown here are observed using “ To Workspace” 

Block from Simulink / sinks library.  

Schematic diagram: 1 

 Parallel Inverter 
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Result:  
  A single phase Parallel Inverter model is created and analyzed the various waveforms  by 

using MATLAB/SIMULINK. 
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Problem : 11: MODELING AND SIMULATION OF SINGLE PHASE FULL 

BRIDGE VOLTAGE SOURCE INVERTER 

To create a model and simulate  single phase full bridge voltage source Inverter to observe the 

following waveforms by     using MATLAB/SIMULINK. 

(17) Input voltage

(18) Output Voltage & current across R & RL-load.

Requirements: 

Table 1:      single phase full bridge voltage source Inverter 

Components Tool Box / 

Library browser 

Block parameters

 Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source   Amplitude(volt) =100 

PowerMosfet Simpower Systems / 

Power Electronics 

Mosfet

  Default 

Gate Pulse G1&G3 Simulink / Sources Pulse Generator Amplitude =10 

Period(secs) =20e-6 

Pulse Width(% of period) =50  

Phase delay(secs)=0 

Gate Pulse G2&G4 Simulink / Sources Pulse Generator Amplitude =10 

Period(secs) =20e-6 

Pulse Width(% of period) =50  

Phase delay(secs)=10e-6 

Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =10 

 Inductance(H) =5e-3 

 Capacitance(F) =inf 

���



Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

1. Click on File� New�Model.

2. On resulting window click on library Browser, a simulink library browser will appear.

3. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

4. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

5. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

6. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

7. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

8. For single phase fullbridge voltage source inverter, components required and its

parameter values tabulated in Table 1. The schematic arrangement is shown in schematic

diagram .

9. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.
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Steps to simulating the circuit by using MATLAB/SIMULINK: 

10. After correcting all floating node errors start by creating a simulation.

11. Click on simulation�configuration parameters and make sure that solver option is

‘ode23tb(stiff/TR-BDF2)’, it is essential when circuit contains power system or power

electronics tools.

12. To run the simulation, select simulation� start.

13. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

14. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

15. The waveforms obtained are shown in Fig 1, 2,3.

Note:

 In this Experiment , all the waveforms shown here are observed using “ To Workspace” 

Block from Simulink / sinks library.  

���



Schematic diagram: 

SINGLE PHASE FULL BRIDGE VOLTAGE SOURCE INVERTER 

(WITH RL-LOAD) 
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OUT PUT WAVEFORMS WITH R-LOAD (DUTY RATIO α=0.5)
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OUT PUT WAVEFORMS WITH RL-LODE (DUTY RATIO α=0.5)
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OUT PUT WAVEFORMS WITH R-LOAD ( DUTY RATIO α=0.25 ) 
 

 
 

 
       

 

RESULT: 

A single phase Full bridge voltage source Inverter model is created and analyzed the various 

waveforms  by using MATLAB/SIMULINK. 
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Problem : 12: MODELING AND SIMULATION OF SINGLE PHASE CYCLO 

CONVERTER 

To create a model and simulate a Cyclo Converter  to observe the following 

waveforms by     using MATLAB/SIMULINK. 

(19) Input voltage

(20) Gate pulses

(21) Voltage across R

Components Tool Box / 

Library browser 

Block Parameters

 Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source   Amplitude(v) =100 

Thyristor Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse G1 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 1/16.67        

pulse Width(% of period) =50  

Phase delay(secs)=0 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/16.67 

 ulse Width(% of period) =10 

Phase delay(secs)=5e-3 

Gate Pulse G3 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/16.67 

 Pulse Width(% of period) =50 

Phase delay(secs)=30e-03 

Gate Pulse G4 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/16.67 

 Pulse Width(% of period) =10 

Phase delay(secs)=40e-03 

Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =100 

 Inductance(H) =0 
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Requirements: 
Table 1:      single phase cyclo converter with fo=fs/3 

 Capacitance(F) =inf 

Components Tool Box / 

Library browser 

Block Parameters

 Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source   Amplitude(v) =100 

Thyristor Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse G1 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 1/16.67        

pulse Width(% of period) =50  

Phase delay(secs)=0 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/16.67 

 Pulse Width(% of period) =10 

Phase delay(secs)=5e-3 

Gate Pulse G3 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/16.67 

 Pulse Width(% of period) =50 

Phase delay(secs)=30e-03 

Gate Pulse G4 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/16.67 

 Pulse Width(% of period) =10 

Phase delay(secs)=40e-03 

Components Tool Box / 

Library browser 

Block Parameters

 Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source   Amplitude(v) =100 

Thyristor 
Simpower 

Systems / Power 

Electronics 

Thyristor   Default 
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Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

1. Click on File� New�Model.

2. On resulting window click on library Browser, a simulink library browser

will appear.

3. Make/Model the circuit by placing all its Blocks from its corresponding

Library/toolbox, which is clearly shown in the table 1. Right click on the

block to rotate mirror etc. to organize the circuit elements.

4. To get any one of the element in series RLC branch, such as R, L, or C, click

on series RLC branch block in the Simpower System/Element library, and

enter the parameters value in such a way that other two elements are

Gate Pulse G1 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 1/25 

pulse Width(% of period) =50  

Phase delay(secs)=0 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/25 

 Pulse Width(% of period) =50 

Phase delay(secs)=10e-3 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/25 

 Pulse Width(% of period) =50 

Phase delay(secs)=30e-3 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =1/25 

 Pulse Width(% of period) =50 

Phase delay(secs)=20e-3 

Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =5 

 Inductance(H) =0 

 Capacitance(F) =inf 
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invisible. That is to eliminate resistance, inductance, or capacitance of the 

branch, the R, L and C values must be set respectively to 0, 0 and inf.       

5. To change the circuit parameters applicable to the block by double clicking

on the block/element and type the values. Keep the values default for some

blocks like thyristor, diodes, mosfet etc.

6. To measure/observe the voltage across or current passes through the

electrical block/device, connect voltage measurement or current

measurement blocks respectively with the electrical block, it is available on

the library Simpower System/measurement.

7. To observe the waveform in figure window, scope block is connected with

voltage measurement and current measurement blocks. This scope block is

available by click on Library browser�simulink/source�scope.

8. For single phase Cyclo Converter, components required and its parameter

values tabulated in Table 1. The schematic arrangement is shown in

schematic diagram .

9. Before simulating the circuit, ensure that all the blocks are connected

properly. The most common error encountered is ‘floating node’. This

usually means that there is some problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 

10. After correcting all floating node errors start by creating a simulation.

11. Click on simulation�configuration parameters and make sure that solver

option is ‘ode23tb(mod.stiff/trapezoidal)’, it is essential when circuit

contains power system or power electronics tools.

12. To run the simulation, select simulation� start.

13. If any errors are reported here. Correct schematic or the simulation settings

and re-run simulation.

���



14. To view simulation plots on simulation window, double click the scope in

the schematic. The scope block corresponding to voltage measurement and

current measurement blocks gives voltage and current waveforms

respectively with respect to time.

15. The waveforms obtained are shown in Fig 1, 2.

Note:

 In this Experiment , all the waveforms shown here are observed using “ To 

Workspace” Block from Simulink / sinks library.  

Schematic diagram: 1 

SSingle phase Cyclo Converter 
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Wave forms: 

Single Phase Cyclo Converter with fo=fs/2 
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Wave forms: 

Single Phase Cyclo Converter with fo=fs/3 
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Result:  

  A single phase Cyclo Converter  model is created and analyzed the various 

waveforms  by using MATLAB/SIMULINK. 
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Problem : 13: MODELING AND SIMULATION OF THREE PHASE AC VOLTAGE 

CONTROLLER 

To create a model and simulate a three phase ac voltage controller at a delay angle 

 α = 60
 
degree to observe the following waveforms by using MATLAB/SIMULINK. 

(22) Input voltage

(23) Gate pulses

(24) Voltage across the Load in star/star, delta/delta and star/delta connection.

Requirements :

Components Tool Box / 

Library browser 

Block Parameters

Ac Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Amplitude(v) =100 

Thyristor Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse G1 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 20e-03 

pulseWidth(% period) =33.33  

Phase delay(secs)=3.33e-03 

Gate Pulse G2 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 20e-03 

pulseWidth(% period) =33.33  

Phase delay(secs)=6.66e-03 

Gate Pulse G3 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 20e-03 

pulseWidth(% period) =33.33  

Phase delay(secs)=9.99e-03 

Gate Pulse G4 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 20e-03 

pulseWidth(% period) =33.33  

Phase delay(secs)=13.32e-03 
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Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

16. Click on File� New�Model.

40. On resulting window click on library Browser, a simulink library browser will appear.

41. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

42. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

43. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

44. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

Gate Pulse G5 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 20e-03 

pulseWidth(% period) =33.33  

Phase delay(secs)=16.55e-03 

Gate Pulse G6 Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) = 20e-03 

pulseWidth(% period) =33.33  

Phase delay(secs)=0e-03 

Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =1 
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respectively with the electrical block, it is available on the library Simpower 

System/measurement.  

45. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

46. For three phase ac voltage controller, components required and its parameter values

tabulated in Table 1. The schematic arrangement is shown in schematic diagram .

47. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 

46. After correcting all floating node errors start by creating a simulation.

47. Click on simulation�configuration parameters and make sure that solver option is

‘ode23tb(mod.stiff/trapezoidal)’, it is essential when circuit contains power system or

power electronics tools.

48. To run the simulation, select simulation� start.

49. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

50. To view simulation plots on simulation window, double click the scope in the schematic

diagram 1,2,3 respectively. The scope block corresponding to voltage measurement gives

voltage waveforms with respect to time.

51. The waveforms obtained are shown in Fig 1, 2,3.

Note:

 In this Experiment , all the waveforms shown here are observed using “ To Workspace”     

Block from Simulink / sinks library.  

Schematic diagram: 1   

star/star connection 
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Input and output Waveforms : 
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GATE PULSE(WAVEFORM): 
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Schematic diagram: 2 
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Delta/Delta connection 
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Input and output waveforms for : 
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GATE PULSE(WAVEFORM): 
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Schematic diagram: 3 

Star/delta connection 
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Input and output waveforms: 

0 0.01 0.02 0.03 0.04 0.05 0.06
-250

-200

-150

-100

-50

0

50

100

150

200

250

time(tms)

v
(v
o
lt
s
)

Input three phase ac voltage

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055
-400

-300

-200

-100

0

100

200

300

400

Time(tms)

V
(v

o
lt
s
)

Output voltage

���



GATE PULSE(WAVEFORM): 

Result:  
  A three phase voltage ac controller model is created and analyzed the various waveforms 

by using MATLAB/SIMULINK. 

MODELING AND SIMULATION OF TWO QUADRANT (TYPE-C)  CHOPPER 
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   To model and simulate the Two quadrant (or) TypeC chopper for RLE loads by using 

MATLAB/SIMULINK. 

Requirements: 

Table 1: Two quadrant chopper with loads for D=0.05 

Procedure: 

Components Tool Box / 

Library browser 

Block parameters

 DC Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source        Peak 

Amplitude(v) =100 

 MOSFET  Simpower Systems / 

Power Electronics Thyristor   Default 

  Gate Pulse(G1) Simulink / Sources Pulse Generator 

Amplitude =10 

Period(sec) =20*e-6 

Pulse Width(% 0f 

period)=0.05        

Phase delay(sec)=0 

 Gate Pulse(G2) Simulink / Sources Pulse Generator 

Amplitude =10 

Period(sec) =20*e-6 

Pulse Width(% 0f 

period)=0.05        

Phase delay(sec)= 

10*e-6 

  Load Simpower Systems /  

 Elements 

Series RLC Branch 

Resistance(Ohm) =10 

Inductance(H) =0.1*e-3 

Capacitance(F) =INF 

DC Voltage source Simpower Systems /  

 Electrical sources 

DC voltage source Amplitude(E)=50 
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Steps to create modeling by using MATLAB/SIMULINK: 

32. Click on File� New�Model.

33. On resulting window click on library Browser, a simulink library browser will appear.

34. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

35. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

36. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

37. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

38. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

39. For Two quadrant chopper for RLE load, components required and its parameter

values for duty  ratio 0.05are tabulated in Table 1. The schematic arrangement is shown

in schematic diagram 1.

40. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 
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52. After correcting all floating node errors start by creating a simulation.

53. Click on simulation�configuration parameters and make sure that solver option is

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power

electronics tools. And the stop time value should be 1/20k for 20k or 1/100k for 100k

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/20k

for 20k supply, where n=1, 2, 3…. 

54. To run the simulation, select simulation� start.

55. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

56. To view simulation plots on simulation window, double click the scope in the

schematic. The scope block corresponding to voltage measurement and current

measurement blocks gives voltage and current waveforms respectively with respect to

time.

57. The waveforms obtained are shown for respective RLE load.

NOTE: 

        In this experiment all the waveforms are shown here are observed using “To 

Workspace” block from simulink/sinks library. 
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MODELING AND SIMULATION OF TWO QUADRANT TYPE-D CHOPPER 

EX.NO:     DATE:  
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Aim:   To create a model and simulate  type-d chopper to observe the following waveforms by     

using MATLAB/SIMULINK. 

(25) Output voltage

(26) Output current

Requirements: 

Table 1:Type-d chopper 

Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

48. Click on File� New�Model.

Components Tool Box / 

Library browser 

Block parameters

 DC Voltage Source Simpower Systems / 

Electrical sources 

DC voltage source   Amplitude(volt) =100 

PowerMosfet Simpower Systems / 

Power Electronics 

MOSFET

  Default 

Diode Simpower Systems / 

Power Electronics 

Diode  Default

Gate Pulse Simulink / Sources Pulse Generator Amplitude =1 

Period(secs) =20e-6 

Pulse Width(% of period) =50  

Phase delay(secs)=0 

Load Simpower Systems / 

Elements 

Series RLC Branch Resistance(Ohm) =10 

 Inductance(H) =10e-3 

 Capacitance(F) =inf 

DC Voltage =30V 
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49. On resulting window click on library Browser, a simulink library browser will appear.

50. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

51. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

52. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

53. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

54. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

55. For type-d chopper, components required and its parameter values tabulated in Table 1.

The schematic arrangement is shown in schematic diagram .

56. Before simulating the circuit, ensure that all the blocks are connected properly. The most

common error encountered is ‘floating node’. This usually means that there is some

problem in interconnects.

Steps to simulating the circuit by using MATLAB/SIMULINK: 

58. After correcting all floating node errors start by creating a simulation.
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59. Click on simulation�configuration parameters and make sure that solver option is

‘ode23tb(stiff/TR-BDF2)’, it is essential when circuit contains power system or power

electronics tools.

60. To run the simulation, select simulation� start.

61. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

62. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

63. The waveforms obtained are shown in Fig 1, 2,3,4.

Note:

 In this Experiment , all the waveforms shown here are observed using “ To Workspace” 

Block from Simulink / sinks library.  
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TYPE-D CHOPPER 

Schematic diagram: 
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OUTPUT WAVEFORMS FOR DUTY RATIO (d=0.2) 
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RESULT: 

A Type-d chopper model is created and analyzed the various waveforms  by using 

MATLAB/SIMULINK. 
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MODELING AND SIMULATION OF SINGLE PHASE AC VOLTAGE 

CONTROLLER WITH R AND RL LOAD 

   To create a model and simulate a single phase ac voltage controller to observe the following 

waveforms with R and RL load by using MATLAB/SIMULINK. 

1. Input voltage

2. Output voltage

3. Voltage across SCRs

Requirements: 

Table 1:      single phase AC voltage controller with R load for α = 30(deg) 

Components Tool Box / 

Library browser 

Block parameters

 Voltage Source Simpower Systems / 

Electrical sources 

AC voltage source   Peak Amplitude(v) =230 

        Phase(deg) =0 

  Frequency(Hz) =50 

  Sample time =0 

Thyristor1 Simpower Systems / 

Power Electronics 

Thyristor   Default 

Thyristor2  Simpower Systems / 

Power Electronics 

Thyristor

  Default 

Gate Pulse1 Simulink / Sources Pulse Generator  Amplitude =1 

       Period(secs) =1/50 

Pulse Width(% of period)=10   

Phase delay(secs)=1.667e-03 

Gate Pulse2 Simulink / Sources Pulse Generator  Amplitude =1 

       Period(secs) =1/50 

Pulse Width(% of period)=10   

Phase delay(secs)=11.667e03 

Load Simpower Systems / 

Elements 

Series RLC Branch  Resistance(Ohm) =10 

   Inductance(H) =10e-03 

  Capacitance(F) =inf 

DC Voltage source Simpower systems / 

Electrical sources 

DC voltage source   Amplitude(E) = 50  
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Procedure: 

Steps to create modeling by using MATLAB/SIMULINK: 

57. Click on File� New�Model.

58. On resulting window click on library Browser, a simulink library browser will appear.

59. Make/Model the circuit by placing all its Blocks from its corresponding Library/toolbox,

which is clearly shown in the table 1. Right click on the block to rotate mirror etc. to

organize the circuit elements.

60. To get any one of the element in series RLC branch, such as R, L, or C, click on series

RLC branch block in the Simpower System/Element library, and enter the parameters

value in such a way that other two elements are invisible. That is to eliminate resistance,

inductance, or capacitance of the branch, the R, L and C values must be set respectively

to 0, 0 and inf.

61. To change the circuit parameters applicable to the block by double clicking on the

block/element and type the values. Keep the values default for some blocks like thyristor,

diodes, mosfet etc.

62. To measure/observe the voltage across or current passes through the electrical

block/device, connect voltage measurement or current measurement blocks

respectively with the electrical block, it is available on the library Simpower

System/measurement.

63. To observe the waveform in figure window, scope block is connected with voltage

measurement and current measurement blocks. This scope block is available by click on

Library browser�simulink/source�scope.

64. For single phase half ac voltage controller with R load, components required and its

parameter values for firing angle of 30(deg) are tabulated in Table 1. The schematic

arrangement is shown in schematic diagram 1

65. For single phase ac voltage controller with RL load, components required and its

parameter values are similar to that of R load the schematic arrangement of without and

with freewheeling diode are shown in schematic diagram 2(a) and 2(b) respectively.

���



Steps to simulating the circuit by using MATLAB/SIMULINK: 

64. After correcting all floating node errors start by creating a simulation.

65. Click on simulation�configuration parameters and make sure that solver option is

‘ode15s (stiff/NDF)’, it is essential when circuit contains power system or power

electronics tools. And the stop time value should be 1/50 for 50Hz or 1/60 for 60Hz

supply frequency for one cycle. For ‘n’ number of cycles, stop time would be n*(1/50)

for 50Hz supply, where n=1, 2, 3…. 

66. To run the simulation, select simulation� start.

67. If any errors are reported here. Correct schematic or the simulation settings and re-run

simulation.

68. To view simulation plots on simulation window, double click the scope in the schematic.

The scope block corresponding to voltage measurement and current measurement blocks

gives voltage and current waveforms respectively with respect to time.

69. The waveforms obtained are shown in waveform 1, 2, and 3 for respective R and RL

Loads. The waveforms for RL load without freewheeling diode and with freewheeling

diode shown in waveform 2(a) and 2(b).

70. Here the input voltage and gate pulse waveforms are same for all type of load, so these

two waveforms are shown in shown in waveform 1 alone, not in later waveforms.

Note: 

 In this Experiment, all the waveforms shown here are observed using “ To Workspace” 

Block from Simulink / sinks library.  

���



Schematic diagram: 1 

Single phase AC Voltage controller with R load 

���



Waveform: 1  

Single Phase AC Voltage controller R load for α=30(deg) 

���



Schematic diagram: 2 

Single phase AC Voltage controller with RL load 

(a) Without freewheeling diode:

���



 

 

 

 

 

 

 

 

 

(b) With freewheeling diode: 
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Waveform: 2  

Single phase AC Voltage controller with RL load for α=30 (deg) 

 

(a) Without freewheeling diode 
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(b) With freewheeling diode

Result:  
  A single phase AC Voltage controller model is created and analyzed the various wave by 

using MATLAB/SIMULINK. 
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ABSTRACT 
 

In automobile, brake system is an essential part responsible for control of the vehicle. Any failure in the brake 

system impacts the vehicle's motion. It will generate frequent catastrophic effects on the vehicle cum 

passenger's safety. Thus the brake system plays a vital role in an automobile and hence condition monitoring 

of the brake system is essential. Vibration based condition monitoring using machine learning techniques are 

gaining momentum. This study is one of attempt to formulate an approach & methodology for identifying 

predictive maintenance requirements of hydraulic brake system. In this research, the various condition based 

monitoring algorithm will be studied & compared. A detailed study will be performed on Clonal Selection 

Classification Algorithm (CSCA) improvement and practical application. A hydraulic brake system test rig 

will be fabricated. Under good and faulty conditions of a brake system, the various signals will be acquired. 

The statistical parameters will be extracted from the signal. Base algorithm will be established based on the 

maximum accuracy for the fault diagnosis of a hydraulic brake system. An attempt will be made to develop 

self-learning model, in order to fine tune base algorithm based on driving conditions & patterns. The Digital 

Twin of hydraulic brake system will be developed. The On-Board Diagnostic (OBD) data will be used to test 

& validate the Digital Twin. Finally a predictive maintenance application will be developed to alert driver on 

current health of brake system & upcoming maintenance requirements. 

Keywords: Millennials, Talent Management, Retention, Retention Strategies.  

 

I. INTRODUCTION 

 

Brakes are the most important control components in 

automobile. Every automobile shall be equipped with 

an efficient brake system which ensures the stability of 

the vehicle. An efficient brake system should bring the 

vehicle to rest within a reasonable distance. The brake 

system must promote the highest degree of safety on 

the road not alone for the person driving but also for 

the others moving on the road. Since there are moving 

components involved, they are bound to get faulty due 

to various reasons, viz. wearing, air leak, fade, etc. 

When such things occur, the effectiveness of the brake 

system reduces resulting in accidents. It is essential that 

the brake system and brake components should be 

monitored all the time and diagnosed when faults occur. 

Hence maintenance of the brake system plays a vital 

role in terms of safety.  

 

The malfunction of the brake system can be identified 

through its symptoms or some warning sign; since the 

faults in the brake system are not fairly noticeable. 

Monitoring of a brake system is not an easy job. This 

can be performed using intelligent techniques called 

fault diagnosis through machine learning. Such analysis 

will provide the information required to make a 

http://ijsrcseit.com/
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decision about when intervention is required for 

maintenance. The results of such analysis can be used 

for failure analysis in order to determine the original 

cause of the fault. Combining these results with 

engineering and manufacturing data of brake system, 

can be used to predict the health of brake system & 

identify the maintenance needs. 

 

II. PROBLEM STATEMENT 

 

In many industries inclusive of automotive vehicle 

industry, predictive maintenance has become more 

important. It is hard to diagnose failure in advance in 

the vehicle industry because of the limited availability 

of sensors and some of the designing exertions. The 

research in predictive maintenance and prognostics in 

the automotive industry is small. In particular to 

Braking System, only a few different methods have 

been presented so far with no or limited practical 

application. Thereby, industry is lacking a proven 

approach & robust methodology to develop predictive 

maintenance systems for braking system. 

 

III. LITERATURE SURVEY 

 

Following is the partial list of relevant literature to 

justify research on this topic. 

From the literature one can understand that many 

algorithms have been used for classifying the faults in 

various machine elements. In order to suggest 

strongly that a particular algorithm is better, a 

detailed study needs to be conducted. One such 

detailed study [1] suggests that the Clonal Selection 

Classification Algorithm (CSCA) performs better and 

gives the maximum classification accuracy (96%) for 

the fault diagnosis of a hydraulic brake system. From 

the study, one can confidently say that CSC 

algorithms were found to be good contender and it 

can be used for practical applications of fault 

diagnosis of the hydraulic brake system. Hence, a 

further research work is required to improve 

classification accuracy of CSCA for practical 

applications. 

 

To model the fault diagnosis problem as a machine 

learning problem, a large number of vibration signals 

are required for each condition considered for study. 

It may be possible to acquire any number of vibration 

signals for good condition; however, it is very 

difficult to acquire signals of different faulty 

conditions. A detailed study [2] had been performed 

to determine minimum sample size. This study can be 

leveraged to determine # of training data set for base 

algorithm.  

 

There are serious challenges when we deal with 

prognostic maintenance. Prognostic maintenance 

copes with onboard data. Development cost of on-

board diagnostic is limited in vehicle, which results 

in limited number of sensors. These sensors produce 

thousands of signals or data streams when vehicle is 

on the move. With the increasing trend of smart 

phones and wireless communication, it has become 

feasible to use these technologies for real time 

solutions. Despite limited resources, these 

technologies are being used along with machine 

learning approaches to solve big problems in 

automotive industry. A novel vehicle monitoring and 

fault predicting system is presented in this paper [3] 

including VMMS. A further research is needed for 

practical application. 

 

The research in predictive maintenance and 

prognostics using on-board data streams in the 

automotive industry is small. Only a few different 

methods have so far been presented. Two approaches 

to predict vehicle maintenance is put forward in this 

thesis [4]. The first one, presents an unsupervised 

self-learning method for predictive maintenance 

based on streaming on-board data. It specifically aims 

at tackling the bottleneck of manually crafted 

predictive algorithms by using life-long learning of 

upcoming failures. The second approach relies on off-

board data sources for maintenance predictions and 

uses supervised classification to predict the future 

maintenance of vehicles. Notably, no method is 

found which utilises both historical and real-time 
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data, and this leaves room for further research in this 

area. 

 

IV. METHODOLOGY 

This study will adopt Digital Twin based 

methodology and attempt to design, develop and 

validate Digital Twin (Fig 1.0) for hydraulic brake 

system. 

 

Fig: Digital Twin: Preliminary Architecture 

 

Below section describe the preliminary steps to 

follow:  

Comparative Study of Condition Based Monitoring 

(CBM) Algorithms 

Detailed Study of CSCA & Establish Improvement 

Approach 

Define Data Acquisition System Architecture and 

Analysis Approach 

Learn from Offboard/Historic Data 

Setup System Test Infrastructure 

Establish Base Algorithm via Supervised Learning 

Techniques 

Learn from Onboard Diagnostic  

Deploy Edge Analytics 

Fine Tuning of Base Algorithm via Unsupervised 

Learning Techniques 

Design, Develop and Validate Digital Twin for Test 

Rig 

Generalization of Digital Twin for Hydraulic Brake 

System 

Develop & Validate Application to Predict 

Maintenance Requirement 

Conclude Approach and Methodology to identify 

predictive maintenance requirements for Brake 

System     

 

V. EXPECTED OUTCOME OF THE RESEARCH 

As a result of this study, an approach & methodology 

will be established, which will enable predictability 

(>99.999%) in identification of maintenance 

requirements for hydraulic brake system. 

 

VI. CONCLUSION 

In many industries inclusive of automotive vehicle 

industry, predictive maintenance has become more 

important. It is hard to diagnose failure in advance in 

the vehicle industry because of the limited 

availability of sensors and some of the designing 

exertions. However with the great development in 

automotive industry, it looks feasible today to 

analyze sensor’s data along with machine learning 
techniques for failure prediction. In this study, an 

approach & methodology will be developed for 

predictive maintenance of hydraulic brake system 

with the end goal of expanding vehicle up-time and 

safety on-the-road. 

 

ACKNOWLEDGMENT 

 

I would like to express my sincere gratitude and 

thank to Principal Dr. Manjunatha and HoD Dept. of 

Mechanical Engineering, Dr. Ganesha Prasad for 

providing me access to the state of the art research 

facilities in college and facilitating my research work 

during the course of the project. 

 

VIII. REFERENCES 

 

1) R. Jegadeeshwaran*, V. Sugumaran, Brake fault 

diagnosis using Clonal Selection Classification 

Algorithm (CSCA) e A statistical learning 

approach, Engineering Science and Technology, 

an International Journal 18 (2015) 14e23. 

2) V. Indira a, R. Vasanthakumari b, R. 

Jegadeeshwaran c, *, V. Sugumaran c, 



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  921 

Determination of minimum sample size for fault 

diagnosis of automobile hydraulic brake system 

using power analysis, Engineering Science and 

Technology, an International Journal 18 (2015) 

59e69. 

3) Uferah Shafi, Asad Safi, Ahmad Raza Shahid, 

Sheikh Ziauddin, and Muhammad Qaiser 

Saleem, Vehicle Remote Health Monitoring and 

Prognostic Maintenance System, Journal of 

Advanced Transportation, Volume 2018, Article 

ID 8061514, 10 pages. 

4) Rune Prytz, Machine learning methods for 

vehicle predictive maintenance using off-board 

and on-board data, L I C E N T I AT E T H E S I 

S | Halmstad University Dissertations no. 9. 

 

 



CSEIT194911  | Published - 21  Dec 2019 | November-December-2019 [ (4 )  9 : 915-917 ] 

 

International Conference on Innovative Research in Engineering, Management and Sciences  

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2019 IJSRCSEIT | Volume 4 | Issue 9 | ISSN : 2456-3307 

 

915 

 

TREATMENT OF WATER SOLUBLE CUTTING FLUIDS USING 

MEMBRANE FILTRATION 
G Varun1, H V Puneeth2, M S Ganesha Prasad3 

1M. Tech, Machine Design, Dept. of Mechanical Engineering, New Horizon College of Engineering Bengaluru, India 
                            gowdavarun35@gmail.com    

2Assistant professor, Dept. of mechanical engineering, New Horizon College of Engineering Bengaluru, India 

hvpuneeth@gmail.com  
3Dean, Professor & HOD-ME, New Horizon College of Engineering Bengaluru, India 

dean_mee@newhorizonindia.edu 
 

ABSTRACT 
 

Metal cutting generates heat due to friction and energy lost deforming the material. The  surrounding  air  has 

low thermal conductivity (conducts heat poorly) meaning it is a poor coolant. Ambient air cooling is 

sometimes adequate for light cuts and low duty cycles typical of maintenance, repair and operations. 

Production work requires heavy cutting over long time periods and typically produces more heat than air 

cooling can remove. Rather than pausing production while the tool cools, using liquid coolant removes 

significantly more heat more rapidly, and can also speed cutting and reduce friction and tool wear. Hence 

water soluble cutting fluid is used in this process to reduce friction, heat and to cool tool- work interface. The 

main problem with water-soluble coolants is that they become contaminated with use and have to be 

replaced with new ones, thus yielding waste coolant. However, cutting fluids and metal chips result in 

environmental pollution and are harmful to the human body. So in order control environmental and harmful 

effect of cutting fluids on the humans, a membrane filtration system integrated with antibacterial layers is 

preset to the machine to treat the cutting fluids for removal of metal chips, swarf, lubricants and biological 

contaminants as it passes through the membranes. The cutting fluid is tested to determine parameters such as 

pH, concentration of fluid, temperature, corrosion and bacterial contamination of water soluble cutting fluid 

with and without the filtration system to check the effectiveness with respect to cooling and lubricating 

properties, its degradation effects on tool and work piece thereby reducing the environmental pollution and 

harmful effects on workers during use and disposal. 

Keywords : Water Treatment, Environment, Pollution  

 

I. INTRODUCTION 

 

[1] During machining process, friction between 

workpiece - cutting tool and cutting tool- chip 

interfaces cause high temperature on cutting tool. 

The effect of this generated heat decreases tool life, 

increases surface roughness and decreases the 

dimensional sensitiveness of workmaterial. During 

metal cutting heat generated as a result of work 

done .Heat is carried away from the tool and work 

by means of cutting fluids, which at the same time 

[2]   

reduced the friction between the tool and chip and 

between tool  and work and facilitates the chip 

formation. Cutting fluids usually in the form of a liquid 

are to the formation zone to improve the cutting 

condition. The application of cutting fluids is another 

alternative to obtain higher material removal rates. 

http://ijsrcseit.com/
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Cutting fluids have been used widespread in all 

machining processes. However, because of their 

damaging influences on the environment, their 

applications have been limited in machining processes. 

Cost effectiveness of all machining processes has been 

eagerly investigated. This is mainly affected selection 

of suitable machining parameters like cutting speed, 

feed rate and depth of  cut according to cutting tool 

and workpiece material. The selection of optimum 

machining parameters will result in longer tool life, 

better surface finish and higher material removal rate. 

 

II. OBJECTIVES 

  

The main problem with water-soluble coolants 

is that they become contaminated with use and 

have to be replaced with new ones. 

• Cutting fluids and metal chips result in 

environmental pollution and are harmful 

to the human body 

• To improve environmental and harmful 

effect of cutting fluids on the humans, a 

membrane filtration system integrated 

with antibacterial layers is preset to the 

machine 

• It is used to treat the cutting fluids for 

removal of metal chips, swarf, lubricants 

and biological contaminants as it passes 

through the membranes. 

• The cutting fluid is tested to determine 

parameters such as pH, concentration of 

fluid, temperature, corrosion and bacterial 

contamination of water soluble cutting 

fluid with and without the filtration system 

to check the effectiveness with respect to 

cooling and lubricating properties 

• Its degradation effects on tool and work 

piece thereby reducing the environmental 

pollution and harmful effects on workers 

during use and disposal. 

  

II. LITERATURE REVIEW 

 

Choon-Man Lee, Young-Ho Choi, Jae-Hyeon Ha, 

and Wan- Sik Woo[1] In this research it mainly 

aims Recycling of Cutting Fluids and Metal Chips. 

Mainly to protect environment eco – friendly 

technologies were developed. Cutting fluid helps 

to decrease heat between tool and workpiece 

interface. It increases tool life and productivity by 

cooling. Elzbieta Rogos, Andrzej Urbanski[2] In 

this research it mainly aim in a device and a 

method for recycling emulsion cutting fluids waste 

emulsion fluids that has been used in subtractive 

steel machining were subjected to test after 

coagulation, barrier filtration, adsorption, and 

aeration methods. Janja Križan, Arnela Muri, Irena 
Petrinic, and Marjana Simonic[3] they stated that 

how to treat membrane treatment of spent 

cutting-oil before disposal. They needed to be 

treated before disposal because of losing of their 

functional properties. The main disadvantage of 

membrane is that there is particle accumulation in 

pores of membrane that they don’t allow cutting 
fluid to pass through. Kenji Yamaguchi, Yasuo 

Kondo, Satoshi Sakamoto,Mitsugu Yamaguchi and 

Ryoichi Nakazawa[4] they have investigated on 

recycling of amine-free water-soluble coolant. In 

this process basically three steps were carried. 

First they have done execution by separating oil 

from coolant by using surfactant treatment and 

second they have done separation of tramp oil 

process. Contaminant oil is isolated and removed 

by gravity separation. Third step is filtration. The 

recycling of amine is done in 3 axis machine then 

they have observed pH, corrosion, cooling 

performance because of this advantageous result to 

use it in water soluble coolant. Karolina dziosa[5] 

he investigated on analysis of the possibility of 

used coolant regeneration. In this used coolant 

contains solid particles, chemical products and 
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elements of cooling system. It could be recovered 

by using hybrid membrane techniques. They have 

determined pH,corrosion, bacterial contaminant. 

Frederick 

J. Passman[6] he has discussed regarding 

types of microorganisms contaminate present in 

metalworking fluids. Metalworking fluid spoilage 

can be defined as any change in the fluid that 

adversely affects its utility. Four factor that 

dominate in controlling microbial life are energy 

source, nutrients and acceptable thermal and pH 

conditions. Metal working fluid keeps on changing 

due to physical, chemical and microbiological 

activity. 

  

IV. METHODOLGY 

Work flow model right from selection of water 

soluble cutting fluid to Comparison of cutting 

fluid with and without the system is shown in 

flowchart as given below as follows. 

 
 

 

V.  RESULTS 

The cutting fluid is tested to determine parameters 

such as pH, concentration of fluid, temperature, 

corrosion and bacterial contamination of water 

soluble cutting fluid with and without the 

filtration system to check the effectiveness with 

respect to cooling and lubricating properties 
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ABSTRACT 
 

The main objective of this paper is to deliver information about an automated & system integrated machine 

named as ‘Spring OD Chamfering Machine’ with the help of the data obtained by through research and 
development techniques. This paper mainly fuscous on the one of the main sub assembly of this machine 

named chamfering wheel assembly. This subsequent machine contributes to the precise delivery of 

sophisticated chamfering operation performed on a helical compression spring, which is primarily used in 

automotive industries. The accuracy and tolerance of this new machine has increased when compared to the 

old machine, the materials used for the manufacture has changed. The grinding wheel's length has increased, 

and the grinding wheel's material has also changed. This prescriptive paper offers genuine concepts & 

overview of the research and development done on the respective machine along with the basic introduction 

about the same. The machine has the huge scope for development as it is being an automated & system 

integrated machine and the same has been portrayed in the following paper. 

Keywords: Automated & system integrated, Helical spring, Chamfering Machine, Chamfering wheel 

assembly, OD-outer diameter.  

 

I. INTRODUCTION 

 

For many machine manufacturers, automated 
chamfering is a reliable option. The automated 

machines still require operators, but there is a drastic 

reduction in the intensive labor and time required to 
do the job, thus reducing overhead and increasing 

efficiency. Skilled chamfering laborers can and will 

manually do an excellent job of chamfering. 

However, in the spring chamfering production, the 
automated chamfering machines provide greater 

consistency. This Chamfering machines can also 

provide more accurately a product that meets the 
specifications. These operations can be carried out in 

a variety of ways depending on the type of machine 

and set-up. It is possible to use a small face mill, a 

long edge cutter, an end mill or chamfer cutter. A 
grinding dresser or wheel dresser is a tool for 

dressing the surface of a grinding wheel (that is, 

slightly trimming).[8] Grinding dressers are used to 
restore a wheel to its original round shape (that is, to 

make it true), to expose fresh grains to renewed 

cutting action (including cleaning off clogged areas), 
or to make a different profile (cross-sectional shape) 

on the edge of the wheel.It can produce very fine 

finishes and very precise dimensions; however, it can 

rough out large volumes of metal quite quickly in 
mass production contexts. Usually it is better suited 

to machining very hard materials than "regular" 

machining (i.e. Cutting larger chips with cutting 
tools such as tool bits or milling cutters), and it was 

the only practical way to machine materials such as 

hardened steels until recent decades.[20] With the 

change of grinding depth, grinding area and positive 
pressure between spring and wheel change in the 

spring end chamfering process. In this way, if the 

pressure chamfering is adopted, the chamfering force 
will be inconstant and chamfering efficiency will be 

http://ijsrcseit.com/
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low. To improve chamfering efficiency and 

chamfering accuracy, the control force chamfering is 

applied with constant chamfering force. This 

chamfering method is good for the low-rigidity 
chamfering system. According to the spring end 

chamfering process, this paper deduces the 

chamfering force of spring end chamfering 
theoretically, and analyses the relationship of the 

chamfering force with the chamfering feed and 

depth.Types of springs: Helical compression springs, 

helical extension springs, conical springs, Torsion 
springs, Belleville springs 

 

[21] Helical compression springs:Made from round 
wire and wrapped in cylindrical form with a fixed 

pitch. Plain end-least expensive, tends to bow 

sideways under load. Plain and ground end-Better 

mating conditions being flat,likely to get entangled 
in storage, Squared end, Squared and ground end. 

 

 
 

Fig. 1: Un-chamfered and chamfered springs 

 
II. OBJECTIVE 

 

There are many ways to chamfer the outer diameter 
of the helical spring. But the main objective of this 

machine to provide chamfering operation on the 

helical spring 'simultaneously' on it's both ends. The 

helical springs used in the automotive industries are 
not necessarily of same sizes i.e. they may have 

different diameters and lengths as per the required 

application. Imagine the exhaustive work if the 
operator were to perform the operation manually on 

all such varying size helical spring.To perform such 

simultaneous &effective chamfering on helical spring 

with all such variations, hence the need of 
automated & system integrated machine.[3]The 

purpose of spring end chamfering is to correct the 

verticality of spring and the parallelism of both 
spring ends, and to make spring ends and other 

components in close contact, and to improve the 

service life of compression spring by uniform 

pressure. [1] The requirements of the spring end 

chamfering describe as follows the chamfering angle 

is 45°; the thickness of the end needs to be not less 

than 1/8 of the spring wire diameter(1/4 is the best 
).[2] Spring end chamfering belongs to face grinding, 

and the characteristic of the spring determines 

unique grinding process.  

 

III. NEED FOR SIMULTANEOUS OPERATION 

 

➢ Enhancing chamfer quality.  

➢ To reduce the operating time required.  
➢ To reduce the operator's fatigue.  

➢ To increase the industry's productivity. 

➢ To reduce the labour. 
 

IV. SPRING OD CHAMFERING MACHINE 

 

Some of the main assemblies and parts are:  
 

1. Chamfering wheel assembly.  

2. Spring guiding assembly.  
3. Spring pressure pad assembly.  

4. Conveyor belt assembly.  

5. Two base plates.  

6. Base frame.  
7. Two motors in grinding wheel assembly.  

8. One motor in conveyor belt assembly with 

reduction gear box. 

 

Fig. 2: Concept drawing of OD Chamfer machine 

 

V. DESIGN OF CHAMFERING WHEEL ASSEMBLY 

The chamfering wheel assembly is the main 
assembly in spring OD chamfering machine. This 

assembly performs the chamfering operation, as the 

shaft rotates at 3000rpm which in turn rotates the 
grinding wheel and as the spring comes in contact 

with wheel the material removal takes place. 
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Table 1: Chamfering wheel assembly parts 

 

SL 
NO. 

DESCRIPTION QUANTITY 

1 HOLDINGPLATE 1 

2 
WHEEL BACK 

PLATE 
2 

3 LOCK NUT-L 1 

4 WHEEL SPACER 1 

5 WHEEL SPACER 1 

6 
WHEEL SIDE 

SPACER 
1 

7 
WHEEL SIDE 

SPACER-1 
1 

8 
CHAMFERING 

WHEEL 
1 

9 MOTOR PULLEY 1 

10 SPINDLE/SHAFT 1 

11 PLUMBER BLOCK 2 

 

 
Fig. 3: Chamfering wheel assembly 

 
Wheel assembly drawing. 

1. Wheel shaft 

 
Fig. 4: Chamfering wheel shaft drawing 

The chamfering wheel shaft is made up of 90MnCr 
material and it is hardened to 50-55 HRC, tolerance 

has to be maintained in ordered to get a good fit. The 

shaft must be zinc iron coating (trivalent yellow) and 

the burrs must be removed. 

 

2. Chamfering wheel 

 
Fig. 5: Chamfering wheel drawing 

 

The chamfering wheel is the important part in the 
chamfering wheel assembly, as the length of the 

chamfering wheel increases the chamfering quality 

increases but it results in more weight on shaft. 

Coarse grit size is used for more material removal at 
fast rate whereas fine grit size is used for less material 

removal but good surface finish at slow rate. 

 
3. Shaft support 

 
Fig. 6: Shaft support plumber block 

In the older machines instead of the plumber block 

the manufactured support block were used, which 

used to get worn out quickly.[22] The life span of the 
plumber block is more compared than the 

manufactured support block and lubrication in the 

plumber block is easy. 

 

 
Fig. 7. Chamfering wheel assembly mounted on 

machine 

VI. ANALYSIS OF CHAMFERING WHEEL 

ASSEMBLY 
Mass properties of wheel assembly: 
 Mass = 25.31 kg 

 Volume = 9181043.72 mm3 

 Surface area = 767046.39 mm2 
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Table 2: Center of mass 

Centre of mass ( mm) 

 X  = -1.19 

 Y  = 27.23 

 Z  = -0.52 

Table 3:Principal axes of inertia and principal 

moments of inertia 
Principal axes of inertia and principal moments of 

inertia: ( kg*mm2 ) 

Taken at the 

center of mass. 

 

Ix = ( 0.00,  0.00,  

1.00) 

Px = 136516.98 

Iy = ( 0.96, -0.30,  

0.00) 

Py = 531718.53 

Iz = ( 0.30,  0.96,  

0.00) 

Pz = 541019.39 

 
Table 4: Moments of inertia at the center of mass 

Moments of inertia:( kg*mm2) 

Taken at the center of mass and aligned with the 

output coordinate system. 

 Lxx = 
532530.03 

Lxy = -2624.87 Lxz = 
50.68 

 Lyx = -

2624.87 

Lyy = 540204.85 Lyz = -

1106.28 

 Lzx = 

50.68 

Lzy = -1106.28 Lzz = 

136520.02 

 
Table 5: Moments of inertia at the output coordinate 

system 

Moments of inertia: ( kilograms *  square millimeters 

) 

Taken at the output coordinate system. 

 Ixx = 

551299.97 

Ixy = -3447.80 Ixz = 

66.36 

 Iyx = -

3447.80 

Iyy = 540247.75 Iyz = -

1463.72 

 Izx = 

66.36 

Izy = -1463.72 Izz = 

155319.25 

 

B. Units maintained  

Table 6: Units maintained for design of components  

Unit system: SI (MKS) 

Length/Displacement mm 

Temperature Kelvin 

Angular velocity Rad/sec 

Pressure/Stress N/m^2 

C. Material properties 

Table 7: Material properties of chamfering wheel 

assembly 

 
Table 8: Loads applied 

 

 
Table 9: Fixtures 

 
E. Meshing details 

Table 10: Meshing details 

Mesh type Solid Mesh 

Mesher Used:  Standard mesh 

Automatic Transition:  Off 

Include Mesh Auto Loops:  Off 
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Jacobian points 4 Points 

Element Size 20.9427 mm 

Tolerance 1.04713 mm 

Mesh Quality High 

Remesh failed parts with 

incompatible mesh 

Off 

Total Nodes 141174 

Total Elements 88131 

Maximum Aspect Ratio 52.251 

% of elements with Aspect 

Ratio < 3 

93.7 

% of elements with Aspect 

Ratio > 10 

0.505 

% of distorted 
elements(Jacobian) 

0 

Time to complete 

mesh(hh;mm;ss):  

00:00:12 

F. Resultant 
Table 11: Resultant 

Component

s 

X Y Z Resultant 

Reaction 

force(N) 

0.28

3819 

0.90

386
2 

-

0.00
026

321 

0.947376 

Reaction 

Moment(N.
m) 

0 0 0 0 

G. Study results 

Table 12: Stress results 

Name Type Min Max 

Stress1 

VON: 
von 

Mises 

Stress 

0 N/m^2 

Node: 

17814 

302728 
N/m^2 

Node: 

53677 

 

 
Fig. 8: Chamfering wheel assembly 1-Static 2-Stress-

Stress1 
 

Table 13: Displacement results 

Name Type Min Max 

Displacement
1 

URES:   

Resultant 
Displacemen

t 

0 
N/m^

2 

Node: 
17814 

0.0003973

6 mm 
Node: 

14997 

 

 
Fig. 9: Chamfering wheel assembly 1-Static 2-

Displacement-Diasplacement1 
 

Table 14: Strain results 

Name Type Min Max 

Strain1 

ESTRN: 

Equivalent 

Strain 

0 

Element: 

10498 

3.52513e-
006 

Element: 

7830 

 
Fig. 10: Chamfering wheel assembly 1-Static 2-

Strain-Strain1 

 
 

VII. CONCLUSION 
 
From all the research, development and their 

implementation, it can be concluded that the precise 

and simultaneous chamfering operation on the 

helical compression springs is achieved successfully 
by the automated & system integrated machine. The 

variations in the size of springs can easily be 

compensated but the key feature of such automated 
machine is that, the variations in the chamfer are 

also compensated without any hassle. These springs 

are used in very high quantity throughout all the 

various automotive industries. Hence, there is 
rapidly growing market for this machine in near 

future. This unique machine can also be used along 

with sensors and spring feeders to achieve complete 
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automatic loading of jobs on the conveyor and 

hence, the objective of this project is thus fulfilled. 

 

Summarizing the literature study, The process of 
chamfering the helical compression spring will be 

maximum if the length of the chamfering wheel is 

more and the abrasive bond must be good. Coarse 
grit size is used for more material removal at fast rate 

whereas fine grit size is used for less material 

removal but good surface finish. Hardening the 

rotating parts like shaft increases the life by reducing 
the wear and the material selection must be made 

based on the parts operation in the machine, using 

plumber block instead of the manufactured support 
block which results in high efficiency and less wear. 

 

Most machine-related injuries can be prevented 

completely. To keep your workplace safe and avoid 
expensive injuries and lawsuits, providing proper 

training to all employees before operating any 

machinery or guards and maintain regular 
maintenance and repairs. Instruct employees never 

to remove machine guards during machine 

operation. 

 

VIII. FUTURE SCOPE 
This completely automated & system integrated 

machine once developed has a lot of scope for the 
future development when it comes to automating the 

entire manufacturing line in the industry. With the 

help of job feeding mechanisms, job carryout 

mechanisms & different sensors, the machine can be 
effectively used in any kind of chamfering operation 

on all different sized jobs. By providing some 

external & internal Poka-Yoke, machine may not 
need any operator to provide attention and hence, 

ultimately the productivity & quality of 

manufacturing will be drastically improved. 
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ABSTRACT 
 

Rapeseed which is primarily cultivated for the rich oil content is the third largest producer of vegetable oil in 

the world. It is rich in protein and therefore also finds its applications as a suitable animal feed. An exhaustive 

study on Rapeseed derived Biofuel reveals its various properties which are found to be in close proximity to 

the properties of petroleum based fuels, hence indicating it as a suitable candidate for substituting the 

petroleum based fuels at different blend ratios. The study also highlights the various advantages of Rapeseed 

Biofuel over the conventional petroleum based fuels.  

Keywords - Rapeseed Biofuels, Properties, Transesterification, Vegetable Oils, Biomass, Feedstock  

 

I. INTRODUCTION 

Rapeseed is grown mainly for animal feed, oil 

extraction through their oil rich seeds and for 

biodiesel production. It is one of the largest source of 

vegetable oil in the world and a leading source of 

protein rich meal. It produces much more oil for the 

same land occupancy, and therefore is a preferred oil 

stock for the production of biodiesel. Rapeseed 

derived Biodiesel can be used straight in diesel 

engines with few modifications. It can also be 

blended in various proportions with Petroleum 

derived diesel fuels. However, the production of 

rapeseed biodiesel requires excessive steps involving 

cultivating, crushing and refining which result in an 

overall increase in the cost of production. Also extra 

care must be taken to during their long term storage 

to avoid the problems of oxidation stability which 

renders the fuel unfit for usage. This additional set 

up requirements increases the cost per liter fuel 

produced. Therefore, on monetarily basis rapeseed 

derived biodiesel does not seem competent enough 

to replace the existing exponential demand of 

petroleum derived diesel fuels.  

The study carried out reflects the comparison 

between the properties of petrodiesel and rapeseed 

biodiesel. A similarity in properties enables its usage 

on a large scale. 

II. METHODOLOGY 

This section discusses the production procedure for 

the rapeseed derived biodiesel. 

 

Oil Extraction 

1) Clean the rapeseeds by removing any plant 

material and dirt still attached to the seeds. 

2) Place the rapeseeds in a flaking mill and turn on 

the mill. The mill has cylindrical rolls that turn in 

opposite directions to crush or flatten the seeds. 

3) Heat the seeds. Pour the flaked seeds into a 

multistage cooker. Heat the seeds to 68 to 122 

degrees Fahrenheit for preheating. Within five 

minutes steam heat to 248 degrees Fahrenheit. 

4) Place the seeds into the oil extractor immediately 

after heating. The heat will make the oil separate 

easily from the seeds. Turn on the extractor. The 

machine crushes the oils out of the seed flakes 

until there is nothing left coming out of the seeds. 

http://ijsrcseit.com/
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Transesterification 

In organic chemistry, transesterification is the 

process of exchanging the alkoxy group of an ester 

compound by another alcohol. These reactions are 

often catalyzed by the addition of an acid or base. 

The transesterification of vegetable oils, animal fats 

or waste cooking oils is the process behind 

conventional biodiesel. In the transesterification 

process a glyceride reacts with an alcohol (typically 

methanol or ethanol) in the presence of a catalyst 

forming fatty acid alkyl esters and an alcohol. 

 

Blending and Testing 

The transesterified oil was then used to prepare 

different blends with diesel in the ratios of 1:9 and 

1:4. Hence obtaining the biofuel of required blends.  

 
Figure 1. Different blends of rapeseed biofuel with 

traditional diesel 

 

The above figure shows the blending of rapeseed 

derived bodiesel fuel in various proportions of 

petrodiesel. The mixture was blended for 15 minutes 

prior to testing using a magnetic stirrer set to 600 

rpm. This was done to ensure completing mixing of 

both the fuels, and thus obtain a homogeneous 

mixture of the two. 

 

III. STUDIES AND FINDINGS 

Properties of diesel with rapeseed biodiesel: 

   

The properties of the biodiesel give an indication of 

whether it would be suitable or not for the 

performance, life and emission of the engine. So, the 

main properties of biodiesel such as the pH number, 

calorific value, viscosity, density, flash point and fire 

point were studied using standard methods. Three 

replications were done for all the tests, and their 

means were calculated. 

 

Combustion Properties 

Combustion Properties of different blends 

 

 
 

From the above tabular column diesel has the 

highest combustion properties as compared to B10 

and B20, but the values of B10 and B20 are not 

significantly low. 

 

Physical Properties of different blends 

 
 It is evident from the table that diesel has lower 

viscosity and density compared to the biofuel blends. 

 

Chemical Properties 

 
Chemical Properties of different blends 

 It is visible B20 is acidic compared to B10 and diesel. 

 

IV. CONCLUSION 

 

It was observed that with increase in blend 

percentage of rapeseed oil with diesel, the calorific 

value of the mixture does not vary adversely and the 

flash and fire point of the mixture reduces 

significantly, hence facilitating the ignition of the 

fuel to take place at  lower temperatures. Further 

studies were conducted on physical properties, the 
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parameters which were considered were Viscosity 

and Density. It was observed that viscosity and 

density increase with increase in blend quantity. We 

also note that an increase in viscosity produces a 

detrimental effect on the performance of the engine 

however an increase in density of the fuel will 

further reduce the volume occupied by the fuel thus 

enabling us to optimize the storage capacity of the 

fuel tank. 

 

With the depletion of fossil fuels, it is important that 

we develop alternative fuels and technologies that 

will enable us to reduce the carbon footprints and 

move towards the greener future. This project aims 

at contributing to this cause through the blending of 

organic oil with diesel to produce a petroleum 

hybrid. In this study we worked with different 

blends of rapeseed based biodiesel and the results can 

be used to increase the efficiency of the fuel and 

reduce the emission characteristics. Using this 

biodiesel engine performance can be obtained 

through various tests. Therefore, to summarize it is 

observed that biodiesel fuel tend to improve the 

overall properties of fuel. 
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ABSTRACT 
 

Till today most of the schools and colleges are using traditional methods for teaching with help of chalk. The 

traditional duster eraser chalk dust is a common problem. Prolong breathing of chalk dust which spread over 

entire class may cause serious respiratory health problems. In this project a cleaning equipment is designed 

and developed to suck chalk dust particles from the duster eraser by vacuum technology in an eco-friendly 

way.  

Keywords: Dust, Vacuum, Cleaning Equipment  

 

I. INTRODUCTION 

A vacuum cleaner, otherwise called a sweeper or 

may be a Hoover, is a gadget that utilizes a 

pneumatic machine, to make a halfway vacuum to 

suck up residue and soil from floors and from 

different surfaces, for example, upholstery and 

draperies. The soil is gathered by either a residue 

sack or a typhoon for later transfer. Vacuum 

cleaners, which are utilized in homes just as in 

industry, exist in an assortment of sizes and 

models—little battery-fueled hand-held gadgets, 

wheeled canister models for home use, residential 

focal vacuum cleaners, gigantic stationary modern 

apparatuses that can deal with a few hundred liters 

of residue before being exhausted, and self-moved 

vacuum trucks for recuperation of huge spills or 

evacuation of debased soil. Particular shop vacuums 

can be utilized to suck up both residue and fluids. 

Towards the finishing of the nineteenth century the 

world was presented with the controlled cleaners, 

albeit early sorts utilized some variety of blowing air 

to clean rather than suction. One showed up in 1898 

when John S. Thurman of St. Louis, Missouri 

presented a patent for a "pneumatic floor covering 

renovator" which blew dust into a container. 

Thurman's framework, controlled by an interior 

ignition motor, headed out to the client's living 

arrangement on a pony drawn wagon as a 

component of a way to entryway cleaning 

administration. Corrine Dufour of Savannah, Georgia 

got two licenses in 1899 and 1900 for another blown 

air framework that appears to have highlighted the 

principal utilization of an electric engine.  

In 1901 controlled vacuum cleaners utilizing suction 

were designed autonomously by British architect 

Hubert Cecil Booth and American designer David T. 

Kenney. Corner likewise may have instituted 

"vacuum more clean". Corner's pony drawn burning 

motor fueled "Puffing Billy", perhaps got from 

Thurman's blown air configuration," depended upon 

simply suction with air siphoned through a fabric 

channel and was offered as a major aspect of his 

cleaning administrations. Kenney's was a stationary 

4,000 lb. steam motor fueled framework with funnels 

and hoses venturing into all pieces of the structure. 

http://ijsrcseit.com/
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Figure 1: Vacuum Cleaner 

II. EXPERIMENTAL EQUIPMENT AND 

INSTRUMENTS 

 

 
Figure 2: Fabrication of Experimental Setup 

 The experimental setup (figure 2) consists of the 

following parts; 

A. Frame 

A frame is often a structural system that supports 

other components of a physical construction and/or 

steel frame that limits the construction's extent. The 

frame is of made up of wood. [270mm X 148mm X 

168mm] 

 
Figure 3: Fabrication Of The Frame 

B. Vacuum pump 

 
Figure 4: Vacuum Pump 

Vacuum siphon is of 400watt which creates a suction 

of 0.3 bar. 

C. Suction blades 

These are sharp edges inside the siphon packaging 

which turn to deliver the suction.  

 
Figure 5: Suction Blades 

 

D. Dust collector 

Regularly known as pack houses, texture authorities 

use filtration to isolate dust particulates from dusty 

gases. They are a standout amongst the most 

productive and practical sorts of residue gatherers 

accessible, and can accomplish an accumulation 

proficiency of over 99% for extremely fine particles. 

To guarantee the channel packs have a long use life 

they are regularly covered with a channel enhancer 

(pre-coat). The utilization of synthetically latent 

limestone (calcium carbonate) is most normal as it 

boosts proficiency of residue accumulation (counting 

fly fiery remains) by means of development of what 

is known as a dust cake or covering on the outside of 

the channel media. This snares fine particulates as 

well as gives insurance to the sack itself from 

dampness, and slick or sticky particulates which can 

tie the channel media. Without a pre-coat the 
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channel pack enables fine particulates to seep 

through the sack channel framework, particularly 

amid start-up, as the sack can just do some portion of 

the filtration leaving the better parts to the channel 

enhancer dust cake Is set beneath the suction 

opening, made up of small scale fiber containing 

pores of size < 800nm.And is a removable piece of 

the device.[dia-82mm, tallness 45mm .] 

 

 
Figure 6: Dust collector 

 

E. Duster 

Is a material which is used to dust the blackboard by 

the means of a cotton bed stuck on a wooden piece 

and remove the unwanted chalk or the writings 

which are there on the blackboard? [145 × 45 × 

35mm] 

 
Figure 7: Duster 

F. Opening plate 

Is made up of wood, and is used to clear out the dust 

collected in the collector. [305 × 115] mm. 

 
Figure 8: Opening plate 

(g) Air tight padding: - 

This is placed below the suction slot, which helps in 

preventing the loss of suction pressure. 

 
Figure 9: Air Tight Padding 

H. Slot 

This is placed on the opening plate, where the 

suction takes place along which the dust gets enters 

the device. [45 × 5mm] 

 
Figure 10: Suction Slot 

I. Conveyor belt 

A transport line is the conveying mechanism of a 

belt transport framework. A belt transport 

framework is one of numerous kinds of transport 

frameworks. A belt transport framework comprises 

of at least two pulleys, with an unending circle of 

conveying medium the transport line that pivots 
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about them. Either of the pulleys are fueled, moving 

the belt and the material on the belt forward. The 

controlled pulley is known as the drive pulley while 

the unpowered pulley is known as the idler pulley. 

 
Figure 11: Conveyor Belt 

 

III. CAD MODELS 

Followings are the cad model for various parts of the 

experimental setup. 

 
Figure 12: Body 

 
Figure 13: Front View, Top View & Isometric View 

of Body 

 
Figure 14: Conveyor system 

 
Figure 15: Front View, Top View & Isometric View 

of Conveyor System 

 
Figure 16: Dust Collecting Chamber 

 
Figure 17: Front View, Top View & Isometric View 

of Dust Collecting Chamber 
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Figure 18: Top Plate 

 
Figure 19: Front View, Top View & Isometric View 

Of Top Plate 

 
Figure 20: Final 3D View 

 
Figure 21: Front View, Top View & Isometric View 

Of Final Product 

 

IV. EXPERIMENTAL METHODS 

i. System works on vacuum process for 

cleaning the blackboard duster with the help of the 

vacuum motor. 

ii. Motor will run the vacuum pump. A simple 

on/off switch is also going to play minor role in this 

system for stopping the motor and thus the vacuum 

pump.  

iii. A vacuum dust collection system is used to 

collect and trap the dust found on the eraser. 

iv. When the duster is placed in the slot the 

hook-and-loop conveyor system pulls the duster 

inside the machine. 

v. When this is done the duster is wiped against 

the slot where in the vacuum process takes place and 

collects the dust from the duster. 

vi. Thus avoiding the chalk dust entering into 

the classroom atmosphere. 

 

V. EXPERIMENTAL CALCULATIONS 

 

1. Electricity consumption: - E = W × n kW/hr. ------

---------------------------------------- (i) 

2. Average cost of consumption: - C = E×8.2 ×D 

Rs/month. ----------------------------- (ii) 

Where, 

E=Electricity consumption. 

n=No. of hours used. 

W=Operating Watts of the pump. 

C=Average cost of consumption. 

D=No. of days used.  

Rs.8.2 = Cost per kWh in Karnataka. 

 

Calculations 

1. n = 6/60hrs 

2. E= (400×6/60)/1000 

    E=0.04 kWh 

3. C= 0.04×8.2×26 

    C=8.528 Rs/month 

4. Conveyor speed = 45rpm 

 

VI. CONCLUSION 
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The model has been designed to collect the chalk 

dust which was getting into the class room 

atmosphere and causing suffocation to the people. By 

using the vacuum principle and the microfiber, this 

machine can successfully collect the complete dust 

from the duster and avoid the dust getting into the 

classroom atmosphere. 
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ABSTRACT 
 

With the increasing in price on petroleum products due to the depletion in source of availability and also 

increase in the rate of consumption as automobiles are increasing in quantities day by day. When the fuel is 

burnt, 20% to 25% of the heat generated in the fuel combustion process is converted into useful mechanical 

work and remaining heat is emitted to the environment through the exhaust gases and the engine cooling 

systems, resulting in an enormous waste of energy. If we can trap such unused heat energy and try generating 

electric power using Thermoelectric Generator we can store that electrical energy and can be used as power 

backup or can run the electrically operated equipment’s. The increasing amount of electrical and electronic 
devices on vehicles provides more comfort and convenience for users, while places higher requirements on 

vehicle power supply. In this paper an effort is made to prepare a lab scale model setup and has conducted an 

experimental study of the characteristic behavior of TEG (Bi2 Te3) using copper as a base plate of 5mm thick 

& aluminum base plate of 10mm thick & generates electrical energy under three different variable conditions. 

1. Varying the thickness of aluminum supporting block at different mechanical loading condition 

2. Varying the thickness of aluminum supporting block at maximum constant mechanical loading 

without TIM or Thermal Grease.  

3. Varying the thickness of aluminum supporting block at maximum constant mechanical loading with 

TIM or Thermal Grease. 

Based on the results of the above experiments, electric power generation found to be maximum at 408.01N. 

This load was considered as standard load and experiments were conducted for different thickness of 

aluminum supporting block with and without the application of thermal grease. It was observed that with the 

application of thermal grease there was an increase of 37% in electric power generation. 

Keywords: TEG’s, Bismuth Teluride, Seebeck Effect 

 

I. INTRODUCTION 

 

TEGs are devices which convert heat (temperature 

differences) directly into electrical energy, using a 

phenomenon called the "Seebeck effect" (or 

"thermoelectric effect").  

 Automotive industry is one of the main 

application fields of TE technologies. Among all the 

possible applications of TEG technologies, vehicle 

http://ijsrcseit.com/
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waste heat harvesting by thermoelectric generator 

(TEG) is generally believed to be a feasible trial . The 

reasons for this belief is straight-forward and 

intuitive. One of the main reasons is that a large 

portion of all generated energy from combustion 

engine is emitted as waste heat. For a typical gasoline 

fueled internal combustion engine vehicle, only 

about 25% of the fuel energy is utilized for vehicle 

mobility and accessories; the remainder is lost in the 

form of waste heat and coolant, as well as friction 

and parasitic losses (Figure 1.1). which provides 

possibility of desired large temperature gradients for 

TEGs. Exhaust gas system is an example of waste heat 

harvesting location. 

 From another perspective, many other 

industrial developments urge the development of 

TEGs for automotive applications. The increasing 

amount of electrical and electronic devices on 

vehicle provides comfort and convenience for users, 

while places higher requirements on vehicle power 

supply. Furthermore, the global gasoline shortage 

gives rise to the necessity of the development of 

hybrid engine vehicles (HEV), which entails more 

efficient, economic and environment-friendly 

method of providing power sources for vehicles. 

These facts greatly spark research interests on TEG 

for vehicles 

  
Figure 1.1: Typical energy path in gasoline fuelled 

internal combustion engine vehicles [8]. 

Consequently there are two general ways to 

reduce vehicle fuel consumption: 

1. Increase the overall efficiency of the power 

train  

2. Waste heat from the exhaust gas from the 

vehicle accounts for a considerable portion of the 

fuel energy that is not utilized, about 40% from 

figure (1.1).  

Therefore a means to improve the fuel economy is to 

increase the overall efficiency of the Power train by 

recovering waste heat from the exhaust gas of the 

vehicle. 

 

II. LAB SETUP MODEL 

 
Figure 1.2 Schematic Diagram of Experiment set up 

The subparts of the Setup are as follows: 

1) Heater with controller,  

2) Two Wooden plates with 12mm bolts of 4 numbers,  

3) Copper base plate (5mm thick), aluminum base plate 

(10mm thick)  

4) Aluminum supporting block of Variable thickness 

(5mm, 10mm, 15mm, 20mm & 30mm thick),  

5) Thermo electric Generator device (Bi2 Te3), 6) 

Cooling duct made of Copper,  

7) Portable weighing scale,  

8) Thermocouple Indicator,  

9) Silicon based grease loaded with Zinc oxide. 

A wooden plate is clamped by a pair of 12mm bolts at 

the bottom of the frame. Over it a mica heater is 

placed and it is connected to the heater controller 

unit (HCU). A thermocouple is placed above the 

heater to sense the temperature in order to control 

the heating at set temperature. Above the heater a 

Copper base plate of 5mm thick or aluminum base 

plate of 10mm thick is placed because of its high 

thermal conducting ability. An aluminum supporting 

block is placed over the plate to safely control the 

heat at the bottom of thermoelectric generator, as 

well as to increase the gap between the heating and 

the cooling sides. A cooling duct in which 
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continuously water is circulating is placed above the 

TEG so as to increase the temperature difference on 

either sides of TEG. The entire set up is placed in this 

order and again clamped by a Hexagonal Headed bolt, 

Nut and metal washers on all 4 corners.  

 

III. METHODOLOGY & RESULTS 

 

 
Figure 1.3: Photographic View of Experiment set up 

The experiments are conducted based on 3 major 

variables and the details are as follows: 

Copper as base plate of 5mm thickness & aluminium 

base plate of 10mm thick & having aluminium 

supporting blocks of variable thickness of 5mm, 

10mm, 15mm, 20mm & 30mm 

CASE A: Varying the thickness of aluminium 

supporting block at variable mechanical loading. 

CASE B:  Varying the thickness of aluminium 

supporting block at constant maximum mechanical 

loading without application of Thermal Grease 

CASE C: Varying the thickness of aluminium 

supporting block at constant maximum mechanical 

loading with application of Thermal Grease 

CASE A: Power generation at variable thickness of 

aluminium supporting block at variable mechanical 

loading. 

 

The experiment proceeds as follows: 

STEP 1: Note the Weight of the cooling duct (with 

water) and the top most wooden plate. 

STEP 2: Place it as per the specified order and lock 

the nut till it touches the surface. 

STEP 3: By adjusting the height of weighing scale in 

the top, set the reading to zero. 

STEP 4: Mark a reference point on all the 4 nuts and 

a reference lines on the wooden plate at an angle of 

90o each. 

STEP 5: Using wrench or spanner need to tighten all 

the 4 nuts by rotating the diagonally opposite nuts at 

an angle of 90o simultaneously and note down the 

mass applied. 

STEP 6: Allow water to flow through the cooling 

jacket at a rate of 2 LPM 

STEP 7: Switch on the console of controller and set 

the value to some temperature and make it constant.  

STEP 8: Once it reaches a steady state, note down the 

voltage and current showing in the multimeter and 

also the hot and cold side temperature from the 

digital temperature indicator. 

STEP 9: Repeat the STEP 5 & STEP 8 procedure and 

continue till we attain maximum tightening and note 

down the required details. 

STEP 10: Increase the temperature for the next 10oC 

and repeat the STEP 5 & STEP 8 respectively 

MECHANICAL LOAD CALCULATION: 

NOTE: Here Total load applied = [mass of cooling 

duct with water (Kg)+ mass of wooden plate (Kg)+ 

mass applied by rotating all 4 nuts]  X 9.81 m/s2  

• At 0o Rotation the total load was 33 Newton 

[(2.335 + 1.035 + 0) X 9.81] 

• At 90o Rotation the total load was 66.68 

Newton [(2.335 + 1.035 + 3.427) X 9.81] 

• At 180o Rotation the total load was 110.52 

Newton [(2.335 + 1.035 + 7.897) X 9.81] 

• At 270o Rotation the total load was 203.49 

Newton [(2.335 + 1.035 + 17.37) X 9.81] 

• At 360o Rotation the total load was 408.01 

Newton [(2.335 + 1.035 + 38.22) X 9.81]  



Volume 4, Issue 9, November-December-2019 |   www.ijsrcseit.com  895 

  

  
 

    

 
 

 
 

 
Graph 1.1: Power (Watts) vs Temperature difference 

(oC) 

From graphs we can analyse that more the load we 

applay, more the power gets generated and in our 

setup we were able to reach maximum power 

generation at maximum load of 408.01N hence at that 

particular load we performed the CASE B & CASE C. 

CASE B:  Power generation at Variable thickness of 

aluminium supporting block at maximum constant 

mechanical loading 408.01 N without TIM or 

Thermal Grease.  

 

STEP 1: Note the Weight of the cooling duct (with 

water) and the top most wooden plate. 

STEP 2: Place it as per the specified order and lock 

the nut till it touches the surface. 

STEP 3: By adjusting the height of weighing scale in 

the top , set the reading to zero. 

STEP 4: Using wrench or spanner need to tighten all 

the 4 nuts by rotating the diagonally opposite nuts 

simultaneously to the maximum and note down the 

mass applied. (408.01 Newton) 
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NOTE: Here Total load applied = (mass of cooling 

duct with water + mass of wooden plate + mass 

applied by rotating all 4 nuts)  X 9.81 m/s2  

STEP 5: Allow water to flow through the cooling 

jacket at a rate of 2 LPM 

STEP 6: Switch on the console of controller and set 

the value to some temperature 

STEP 7: Once it reaches a steady state, note down the 

voltage and current showing in the multimeter and 

also the hot and cold side temperature from the 

digital temperature indicator. 

STEP 8: Repeat the STEP 7 after increasing the set 

temperature for next 10oC. 

CASE C: Power generation at Variable thickness of 

aluminium supporting block at maximum constant 

mechanical loading 408.01 N with TIM or Thermal 

Grease. 

 As if we see the readings of case A, we can 

understand more the tightening is done more the 

power is getting generated and reason is the 

reduction in air gap formed between the plates due to 

the 2 reasons: 

• Due to less tightening 

• Due to uneven of surfaces in microscopic 

level. 

 These air gaps which are formed between the 

Base plate to aluminum block, between the 

aluminum block to the TEG and between the TEG to 

the cooling jacket, in all these junctions the air gap is 

acting as a insulator due to thermal contact resistance. 

This drops the performance of TEG ( Figure 1.4) 

 The tightening can be overcome by applying 

appropriate torque. But the uneven surface of the 

plates in microscopic level should be concentrated. 

they consist of “hills”, “peaks” and “valleys”. When 
these two surfaces are brought into contact with one 

another, only the peaks make contanct. It has been 

calculated that the average amount of contact 

between any two smooth surfaces is in reality only 

5%. The other 95% are voids.  

  
Figure 1.4: Effect of peaks and valleys when 

assembled [12] 

Figure 1.4 shows how the remaining valleys creates 

voids through which heat energy can barely pass 

through, in effect creating an insulated area not the 

ideal thermal interface. 

To avoid this Thermal contact resistance, A third 

party interface material is needed since it is all but 

impossible to achieve ideal flat and smooth surfaces. 

The purpose of using Thermal Grease is to fill the 

valleys and gaps with a material that has a much 

higher thermal conductivity (ability to transfer heat) 

than the air gaps it replaces. This essentially makes 

the entire interface transfer heat instead of just where 

the peaks were contacting. The following image 

shows how the situation has been dramatically 

improved. 

 
Figure 1.5: Effect of peaks and valleys after 

application of Thermal Grease [12] 

 By the application of Thermal grease in 

between the TEG Module, Heat source & Heat sink, 

this will enchance heat transfer between two surfaces 

by filling in the microscopic voids casued by surface 

roughness. Most thermal greases are also known as 

Thermal interface material (TIM) or transistor heat 

sink compound or thermal joint compound which are 

made up of silicon grease loaded with zinc oxide. Non 

silicone based compound are also available which in 
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most cases are superior but more expensive than 

silicone based alternatives.  

 Apply Thermal Grease on the Base plate, 

Aluminum blocks, TEG, Cooling duct and press it 

firmly in order to remove air gaps and then follow 

the steps of CASE B. 

 Now comparing the readings obtained from 

the procedure of  CASE B & CASE C the graph is as 

follows. 

 
Graph 1.2: Power (Watts) vs Temperature difference 

(oC) 

 

 
Graph 1.3: Power (Watts) vs Temperature difference 

(oC) 

 

VI. CONCLUSION 

There are several significant opportunities for 

thermoelectric recovery of waste heat. Through this 

work a thermoelectric generator has been used and 

characterized that produces enough power for a high 

intensity LED. An in depth analysis has been 

performed in selecting each component of the system 

to maximize power. A high temperature Bi2Te3 has 

been selected as the most cost effective module for 

this application.  

 With referance to the graph we conclude that 

15mm thick Aluminum supporting block is best 

suitable for both Aluminum base plate and copper 

base plate which is able to generate maximum 

electrical power with an increment of 37 % by 

applying thermal grease. 

Hence thermoelectricity is a promising method of 

harvesting low-grade waste heat in applications 

where traditional methods are impractical.  

  Further the power requirement of any 

electrically operated equipment can be met by adding 

up more number of thermoelectric modules in a 

combination of series and parallel connections which 

can also improve the efficiency of the system and 

generate more electrical power. 

 

V. FUTURE SCOPE 

From the experiment conducted using the single TEG 

module, it is understood that proper Research and 

further studies in this field can result in effective 

utilization of the wasted heat for Generating power.  

• By having multiple TEG connected in series 

and parallel will help us to generate more electrical 

power.  

• As we know, more the temperature 

difference, more power can be developed. We can 

also improve the efficiency of TEG by insulating the 

component on the hot side but brings down the 

performance of the engine.  

• We can also improve the efficiency by 

circulating coolant which is used in the radiators  

• Having aluminium heat sink we can force the 

atmospheric air on it to have the cooling effect. 
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I. Introduction
Transplants are one of the most miraculous achievements of modern
medicine whereas transplantation is one of the most challenging and
complex areas of modern medicine. Organ transplantation is the
process of surgically transferring a donated organ into a patient with
end-stage organ failure. The number of patients waiting for organ
transplantation in United States alone has surpassed 123,175. [1]Every
hour adds at least six patients in to the organ waiting list. [3]At present,
out of the 1, 50,000 patients requiring kidney transplants across India,
only 200 get kidneys by way of donations from the deceased. In order to
achieve a successful transplantation and improve the unitization of the
available organ, it is important to reduce the time taken from the retrieval
of the organ and transplantation of the same. [2] The organ which is
donated will be viable for transplantation only for few hours. This time
vary from 4 to 24 hours based on the organ type. This is especially true
for organs like kidney, heart and liver, which has only few hours of

preservation time. A significant amount of time is taken by many of the
pre and post procurement procedures like the serotyping of the donor
and the recipient, assessment of the organ, estimation of transplant
candidate's immunological risk by the physician, transplant
transportation and other bioethical and legal issues regarding the
transplantation.
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Abstract:
To share data between several devices we need a network connection. The devices can
be any electronic device which works on data transfer protocols, e.g. computer, laptop,
smartphone, wired/wireless sensors, routers etc. These network can be of wired or
wireless or a combination of both. In wired connection, these are stationary to each
other where as in wireless network the probability of changing the relative position
between them is high. Devices in wireless network uses cell or battery to get energy
instead from a direct source of electricity. For each change in network setup, it needs to
recalculate the path of packet transfer. In a dense area, i.e. area containing more
devices than the others, congestion rate is high because of same route selected by
more number of devices. In the presented paper we deal with sensors as the network
device. Increase of congestion leads to many consequences like decision delay, loss of
data in the form of packets, increased overhead while retransmission of dropped
packets, energy loss due to increased work load by sensors and reduced life span of
sensors. A virtual model is presented in this paper which will help in understanding how
the data are shared with in a network of sink node and sensors and a method to detect
and control congestion in a network setup.
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I. Introduction
A wireless sensor network is a setup comprising of sensors to sense
data from its surrounding and communicate with others by data sharing
to perform some specific task. These sensors use wireless network
protocol for message passing. ZigBee, Wi-Fi and Bluetooth are now the
trending ways to set up such type of network. The sensors are built to
use inbuilt cells which can be chargeable or not. The limitation with
these devices are that, they should be in certain range limit. To share
data with sensors not in range, a common device is selected and that
path is used for further transmissions. If there are no such path exists
then, the entire system fails. In most of network connection there are
only one or a very few number of sink node. A sink node is a device
which is able to collect data from various sensors, analyze and take
decisions on basis of them. The network are designed to typically
transmit small volume of sensed simple data.
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Abstract:When we have a huge data set on which we would like to perform predictive
analysis or pattern recognition, machine learning is the way to go. Machine Learning
(ML) is the... View more
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Abstract:
When we have a huge data set on which we would like to perform predictive analysis or
pattern recognition, machine learning is the way to go. Machine Learning (ML) is the
fastest rising arena in computer science, and health informatics is of extreme challenge.
The aim of Machine Learning is to develop algorithms which can learn and progress
over time and can be used for predictions. Machine Learning practices are widely used
in various fields and primarily health care industry has been benefitted a lot through
machine learning prediction techniques. It offers a variety of alerting and risk
management decision support tools, targeted at improving patients' safety and
healthcare quality. With the need to reduce healthcare costs and the movement towards
personalized healthcare, the healthcare industry faces challenges in the essential areas
like, electronic record management, data integration, and computer aided diagnoses
and disease predictions. Machine Learning offers a wide range of tools, techniques, and
frameworks to address these challenges. This paper depicts the study on various
prediction techniques and tools for Machine Learning in practice. A glimpse on the
applications of Machine Learning in various domains are also discussed here by
highlighting on its prominence role in health care industry.

Date of Conference: 15-16 June 2017 INSPEC Accession Number: 17487296
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I. Introduction
The Industrial Organizations are working with huge amounts of data that
have to be recognized with Machine Learning. By gathering insights
from these data, organizations are able to work more efficiently as well
as gain advantage over their competitors. Innovative predictive models
have been applied successfully with Machine Learning algorithms in
several domains. Machine learning techniques and its applications are in
usage in day to day activities, such us searching, advertisements',
YouTube. Health Care informatics, a multi-disciplinary field has become
synonymous with the technological advancements and data handling
challenges. Medical or Health Informatics is a scientific field that deals
with the storage, retrieval, and optimal use of medical information, data,
and provides knowledge for problem solving and decision making.
Technology in Health has an immense development over the years like
advances in information gathering, treatments, communications and
research.
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For development of a software, the best model which can be selected in a Software
Development Life Cycle is Component Based Software Development (CBSD). To
develop a new software it requires lots of team effort with professional and high level
logics which requires more time if they have to build it from the scratch. In many
situations a new development involves to reuse the existing modules of other developed
software which helps in reduction of time taken in development phase along with team
effort. For these reasons the software should be developed in the form of components.
Thus, reliability of a Component is an important factor to be considered. This paper aims
to demonstrate a case study for estimating the reliability of a Component Based
Software (CBS) and their integration with other modules. A component of a developed
software is selected to find the test cases need to be generated by calculating and
determining the Cyclomatic Complexity. The Cyclomatic Complexity will provide a
numerical value with different approaches which are provided with it. This approach
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I. Introduction
We can develop a software in the form of components or modules which
will be further integrated to use them as a whole. This approach also
reduces the development cost as the previously developed components
can be reused. Getting software failure is common at run time due to
different environment which is not under control. If we provide multiple
instructions which is more than the accepted level then the software may
get in failure condition. Providing wrong input types is quite normal
because of misunderstanding the system requirements to generate the
result. A developed system may get fail with respect to hardware as well
as software.
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Abstract:
REWSN will literally mean as Reliability Evaluation of WSN. The topic is having a vast
development in the environment of the wireless sensor network. This kind of networking
environment in the field of communication is playing an eminent role in the wsn to obtain
the network lifetime. The reliability is having a striking improvement in the networking
environment over the long established method and this method can be a course of
action in the industrial scale for a very great amount of interconnections in the field of
communication network. The reliable wsn is also an working need for network to
transport group of data that are forwarded in node to node form in most of the
application in day-today life, which has adaptive interrelationship control and also to
enhance the store and forward manner for the reliability of the data. These are sent to
transport and develop a proper communication networking environment. The wireless
sensors has thousands of sensor points which enable the evaluation of indefinite faults,
also helps to optimize the fault phenomenon (by improving the WSN QoS), sensor
fusion, collective tracking of a particular target. The wsn is the best option in order to
provide the accurate network that are acting force in the field of reliability environment
among the various types of sensor network requisition approach in network category.
On this aspect, this paper aims to discuss the technology to evaluate the reliability of
wireless sensor network to get accuracy of data transport process for a better
consistency of the network environment, and also discuss about the redundancy and
retransmission of the data.
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I. Introduction
A Wireless sensor network has been used in variety of areas such as
optical, thermal, seismic, aural, and mesmeric, that can monitor heat,
sound, radioactivity, force, speediness and article movement. It is to
analyse the reliability issues and importance of diverse fault tolerance,
where a single type of sensor backs up heterogeneous types of sensors.
Fig 1

Heterogeneous wireless sensor network.
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ABSTRACT 
 

The purpose of this project is to design a water distillation system that can purify water from nearly any 

source, a system that is relatively cheap, portable, and depends only on renewable solar energy. Distillation is 

one of many processes that can be used for water purification. This requires an energy input as heat, 

electricity and solar radiation can be the source of energy. When Solar energy is used for this purpose, it is 

known as Solar water Distillation. Solar Distillation is an attractive process to produce portable water using 

free of cost solar energy. This energy is used directly for evaporating water inside a device usually termed a 

“Solar Still”. Solar stills are used in cases where rain, piped, or well water is impractical, such as in remote 
homes or during power outages. Different versions of a still are used to desalinate seawater, in desert survival 

kits and for home water Purification 

Keywords – Purification, Convection, Distillation, Evaporation, Radiation. 

 

I. INTRODUCTION 

 

Due to environmental issues and limited fossil fuel 

resources, more and more attention is being given to 

renewable energy sources. In the recent years solar 
energy has been strongly promoted as a viable 

energy source. One of the simplest and most direct 

applications of this energy is the convergence of solar 

radiation into heat. 
Solar radiation can be widely used for water heating 

in hot water systems, swimming pools as well as a 

supporting energy sources for central heating 
installations. 

The energy of the solar radiation is in this case 

converted to heat with the use of solar panel. Using 

the sun’s energy to heat water is not a new idea. 
More than one hundred years ago, black painted 

water tanks. 

Water  is  a  basic  necessity of  man  along with  
food  and  air. Fresh water resources usually  

available are rivers, lakes and underground water 

reservoirs. About 71% of the planet is covered  

in water, yet of all of that 96.5% of the planet's water 

is found in oceans, 1.7% in groundwater,1.7% in 
glaciers and the ice caps and 0.001% in the air as 

vapor and clouds, Only2.5% of the Earth's water is 

fresh water and 98.8% of that water is in ice and 

groundwater. Less than 1% of all freshwater is in 
rivers, lakes and the atmosphere. 

 

II. ABOUT SOLAR ENERGY 
 

The sun radiates the energy uniformly in all 

direction in the form of electromagnetic waves. 

When absorbed by body, it increases its temperature. 
It is a clean, inexhaustible, abundantly and 

universally available renewable energy. 

        Solar energy has the greatest potential of all the 
sources of renewable energy and if only a small 

amount of this form of energy could be used, it will 

be one of the most important supplies of energy, 

especially when other sources in the country have 
depleted. This solution is solar water distillation. It is 

not a new process, but it has not received the 

attention that it deserves. Perhaps this is because it is 

http://ijsrcseit.com/
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such a low-tech and flexible solution to water 

problems. Nearly anyone is capable of building a still 

and providing themselves with completely pure 

water from very questionable sources. 3.8x1024 
joules of solar radiation is absorbed by earth and 

atmosphere per year. Solar power where sun hits 

atmosphere is 1017 watts and the total demand is 
1013 watts. Therefore, the sun gives us 1000 times 

more power than we need. If we can use 5% of this 

energy, it will be 50 times what the world will 

require. The energy radiated by the sun on a bright 
sunny day is 4 to 7 KWh per m^2. 
 

 

III. INTRODUCTION TO SOLAR STILL 
 

Solar distillation is a tried and true technology. The 

first known use of stills dates back to 1551 when it 
was used by Arab alchemists. Other scientists and 

naturalists used stills over the coming centuries 

including Della Porta (1589), Lavoisier(1862), and 

Mauchot (1869)[3]. The first "conventional" solar still 
plant was built in 1872 by the Swedish engineer 

Charles Wilson in the mining community of Las 

Salinas in what is now northern Chile (Region II). 
This still was a large basin-type still used for 

supplying fresh water using brackish feed water to a 

nitrate mining community. The plant used wooden 

bays which had blackened bottoms using logwood 
dye and alum. The total area of the distillation plant 

was 4,700 square meters. On a typical summer day 

this plant produced 4.9 kg of distilled water per 
square meter of still surface, or more than 23,000 

litres per day. Solar water Distillation system also 

called “Solar Still”. Solar Still can effectively purify 
seawater & even raw sewage. Solar Stills can 
effectively removing Salts/minerals {Na, Ca, As, Fe, 

Mn},Bacteria {Ecoli, Cholera, Botulinus}, Parasites 

,Heavy Metals & TDS[2]. Basic principal of working 
of solar still is “Solar energy heats water, evaporates 
it (salts and microbes left behind), and condenses as 

clouds to return to earth as rainwater”. 
 

IV. LITERATURE REVIEW  

 

Joel Gordes et.al Worked on “Basic studies on Solar 
Stills”. Solar distillation uses the heat of the sun 
directly in a simple piece of equipment to purify 
water. The equipment, commonly called a solar still. 

 Arunkumar T et.al [1]Worked on the “Effect of air 
flow on tubular solar still efficiency”. An 
experimental work was reported to estimate the 

increase in distillate yield for a tubular solar still. The 
experiment was carried out in two modes without 

and with air flow between inner and outer tubes. 

And they concluded that the rate of air flow was 
fixed throughout the experiment. 

 

Arunkumar.T et.al [2]Worked on the “Experimental 
Study on a Compound Parabolic Concentrator 
Tubular Solar Still Tied”.They found that the relative 
humid of the humid air was definitely not saturated 

and the hourly evaporation, condensation and 
production fluxes were proportional to the humid air 

temperature and relative humidity. 

 

Ajeet Kumar Rai et.al [3]Investigated on the 
“Experimental Study of Double Slope Solar Still with 

Energy Storage Medium”. Andthey conducted an 
experiment to enhance the productivity of double 
slope solar still by storage of thermal energy in day 

time with the help of phase change materials (PCM). 

Overall 23% gain was observed when paraffin wax 
was used in solar still. 

 Ajeet Kumar Rai et.al [4]Observed on “Experimental 
Study of a Tubular Solar Still with Phase Change 
Material”. Experiments were carried out on tubular 
solar still in Allahabad climate conditions. And it was 

concluded that the productivity of solar still increase 
by 20% when energy storage medium is used. 

 

AmimulAhasanet .al [5]Worked on “Production 
Model of Tubular Solar Still Based on Condensation 

Theory”. A production model based on a film-wise 

condensation theory for a Tubular Solar Still taking 
account of the thermal resistance of the unsaturated 

humid air inside the still was developed in this study. 

And it was found that the thermal resistance 

coefficient was reversely proportional to the dry air 
pressure fraction. 
 

 

V. OBJECTIVES 

For high efficiency the solar still should maintain high feed 

(undistilled) water temperature A  large temperature 

difference between feed water and condensing surface Low 

vapour leakage. A high feed water temperature can be 

achieved if a high proportion of incoming radiation is 

absorbed by the feed water as heat. Hence low absorption 
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glazing and a good radiation absorbing surface are required. 

Heat losses from the floor and walls are kept low. The water 

is shallow so there is not so much to heat.  

A large temperature difference can be achieved if the 

condensing surface absorbs little or none of the incoming 

radiation condensing water dissipates heat which must be 

removed rapidly from the condensing surface. 

 

VI. FABRICATION 
 

The methodology of the work consists of following 

stages: 

 

   STILL BASIN 

It is the part of the system in which the water to be 
distilled is kept. It is therefore essential that it must 

absorb solar energy. Hence it is necessary that the 

material have high absorbtivity or very less 
reflectivity and very less transmitivity. These are the 

criteria’s for selecting the basin materials. Kinds of 
the basin materials that can be used are as follows: 1. 

Leather sheet, 2. Ge silicon, 3. Mild steel plate, 4. 
RPF (reinforced platic) 5. G.I. (galvanised iron). We 

have used blackened mild steel sheet(K= thermal 

conductivity= 300W/m0C) (3mm thick). 
Outer tank is of size 

(400*305*h1=150mm,h2=250mm), and painted with 

black color to absorb heat from the sun light and 

outer layer is painted with grey color . 
Inner tank is of size (350*200*10mm), and painted 

with non-corrosive paint and black paint inside the 

tank 

 
Fig. 1Outer and inner tank made by bending and arc 

welding 

 

 
 

Fig. 2 Painted Outer and inner tank 

 

TOP COVER 

 

The passage from where irradiation occurs on the 

surface of the basin is top cover. Also it is the surface 

where condensate collects. So the features of the top 
cover are: 1) Transparent to solar radiation, 2) Non 

absorbent and Non-adsorbent of water ,3) Clean and 

smooth surface. The Materials Can Be Used Are: 1) 

Glass, 2) Polythene. We have used glass (3mm)  
 

 
 

Fig.3 Top Cover with Glass 

 

CHANNEL 

 

The condensate that is formed slides over the 

inclined top cover and falls in the passage, this 

passage which fetches out the pure water is called 

channel. The materials that can be used are: P.V.C., 
2) G.I. , 3) RPF . We used V-shaped mild steel 

channel . 
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Fig. 4 Channel 

SUPPORTS FOR TOP COVER 

 

The frame provided for supporting the top cover is 

an optional thing. I.e. it can be used if required. We 

have used fiber stick as a support to hold glass (size :: 
5 mm X 5mm). The only change in our model is that 

we have to make the model as vacuumed as possible. 

So we have tried to make it airtight by sticking tape 

on the corners of the glass and at the edges of the box 
from where the possibility of the leakage of inside 

hot air is maximum. 
 

 

 
Fig. 5 Fabricated Model 

 

 

INLET PIPE FITTINGS 

 

Inlet pipe is made up of mild steel and is of 2mm 

diameter and brass pipe of 2mm diameter is 

connected to inlet pipe to inner tank. Ball type gate 
valve is connected to the inlet valve. 

 

 
 

Fig.6 Pipe Fittings 

 

OUTLET PIPE CONNECTIONS 

 

Outlet pipe is made up o mild steel and it is of 2mm 

diameter .water collector is connected to the outlet 

pipe. 
 

 
 

Fig. 7 Pipe Connections 

 

                      

                         V. OPERATION 

 

Solar  panels  use  light  energy (photons)  from  the  

sun  to  generate electricity  through  the 
photovoltaic effect. The majority of modules use 

wafer-based crystalline silicon cells or thin-film cells 

based on cadmium telluride or silicon. The structural 
(load carrying) member of a module can either be 

the top layer or the back layer. Cells must also be 

protected from mechanical damage and moisture. 

Most solar panels are rigid, but semi- flexible ones are 
available, based on thin-film cells. Electrical 

connections are made in series to achieve a desired 

output voltage and/or in parallel to provide a desired 
current capability. The conducting wires that take 

the current off the panels may contain silver, copper 

or other non-magnetic conductive transition metals. 

The cells must be connected electrically to one 
another and to the rest of the system. Externally, 
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popular terrestrial usage photovoltaic panels use 

MC3 (older) or MC4 connectors to facilitate easy 

weatherproof connections to the rest of the system. 

Bypass diodes may be incorporated or used 
externally, in case of partial panel shading, to 

maximize the output of panel sections still illuminated.  

Solar  cells  become  less  efficient  at  higher  
temperatures  and  installers  try  to  provide  good 

ventilation behind solar panels. 
 

Water to be cleaned is poured into the still to 

partially fill the basin. The glass cover allows the 

solar radiation to pass into the still, which is mostly 
absorbed by the blackened base. This interior surface 

uses a blackened material to improve absorption of 

the sunrays. The water begins to heat up and the 
moisture content of the air trapped between the 

water surface and the glass cover increases. The 

heated water vapor evaporates from the basin and 

condenses on the inside of the glass cover. In this 
process, the salts and microbes that were in the 

original water are left behind. Condensed water 

trickles down the inclined glass cover to an interior 
collection trough and out to a storage bottle. Feed 

water should be added each day that roughly exceeds 

the distillate production to provide proper flushing 

of the basin water and to clean out excess salts left 
behind during the evaporation process. If the still 

produced 3 litres of water, 9 litres of make-up water 

should be added, of which 6 litres leaves the still as 
excess to flush the basin. 

 

 

VI. CALCULATIONS 

 

Sl.no. Parameters Symbol 
Design parameter 

of solar still 

1 
 

Solar 
declination 

Δ 
 

δ = 23.45 sin 
[0.9863(284 + n)] 

2 

 

Angle 

 

Β 

 

δ = - 23.3 

β = (Φ - δ) 

3 
 

Slope of 
collector 

Ic 
 

β = 40º 48’ 
 

Ic = Ih × Cos 

 

4 

 

Intensity of 

insolation on 

horizontal 

 

Is 

 

θ 

Ic = 450 W/m2 

 

   5 

Intensity of 

insolation on 

sloping 

surface 

 

θh 

Is = Ih × Cos θ/ Cos 
θh 

Is = 594.5 W/m2 

 

6 Cosine of θh  
 

θh = 40º.8’ 
 

Table 1. Solar Radiation Data 

 

Angle of declination of flat plate 

δ= 23.45 Sin[360/365(284/n)] 

Where n=day of the year 

 = 23.45Sin[360/365(284/122)] 

 δ= 15.21 ͦ

Cosϴ= SinϕSinδ + CosϕCosδCosω 

 = Sin (15.21) Sin (12.58-10) + Cos (15.21) Cos (45) 

Cos(12.58-10) 

 ϴ= 46.095 ͦ

 

Zenith angle 

 Cosϴ= Sin (12.58) Sin (15.21) +Cos (12.58) 

Cos (15.21) Cos45 

ϴ= 43.689  ͦ

 

Azimuth angle 

Cosγ= CosϴSinϕ – Sinδ / SinϴCosϕ 

 = Cos (43.689) Sin (12.58) – Sin (15.21)/ Sin 

(43.689) Cos (12.58) 

 γ= 62.72  ͦ

 

Global Radiation Igreaching a horizontal surface on 

the earth is given by 

  Ig= Ib + Id 

 Ig= IbnCosϴ + Id 

 Ibn= A exp (-B/cosϴ) 
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 Ibn = 865.86 w/m2 

Id = c Ibn 

 Id = 112.56 w/m2 

Global RadiationIg= 978.42 w/m2 

 

Efficiency 

  η= APhfg / 3600Ig 

 where 

                     A= Collecting area in m2 

  P = Daily productionin kg 

  hfg = latent heatKJ/kg 

 η = 22.94% ≈ 23% 

 

 

VII CONCLUSIONS 
 

Distillation is a method where water is removed 

from the contaminations rather than to remove 

contaminants from the water. Solar energy is a 
promising source to achieve this. This is due to 

various advantages involved in solar distillation. The 

Solar distillation involves zero maintenance cost and 
no energy costs as it involves only solar energy which 

is free of cost.  

It was found from the experimental analysis 

that increasing the ambient temperature from 32°C 
to 47°C will increase the productivity by approx.  

12 to 23%, which shows that the system performed 

more distillation at higher ambient temperatures. 
When inverted type absorber plate was used thermal 

efficiency of single slope solar still was increased by 7 

%.  

It was observed that when the water depth 
increases from  0.01m to  0.03m the productivity 

decreased by 5%.These results show that the water 

mass (water depth) has   an intense effect on the 
distillate output of the solar still system.  

Solar still productivity can also increase 

by use of reflector by 3%. The use of the mirror 

reflector will increase the temperature of the solar 
still basin; such an increase in the temperature is 

because of the improvement in solar radiation 

concentration.  
The solar radiation increase from 0 MJ/m2 /h to 6 

MJ/m2 /h has increased the productivity of the still 

by 15 to 32%. However the increase of the solar 

radiation parameter will increase the solar energy 

absorbed by the basin liner.  

The main disadvantage of this solar still is the low 

productivity or high capital cost per unit output of 

distillate. This could be improved by a number of 

actions, e.g. injecting black dye in the seawater, 

using internal and external mirror, using wick, 

reducing heat conduction through basin walls and 

top cover or reusing the latent heat emitted from the 

condensing vapour on the glass cover.  Capital  cost  

can  be  reduced  by using different  designs  and  new  

materials  for construction of solar stills. 
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ABSTRACT 
 

The purpose of this project is to design a water distillation system that can purify water from nearly any 

source, a system that is relatively cheap, portable, and depends only on renewable solar energy. Distillation is 

one of many processes that can be used for water purification. This requires an energy input as heat, 

electricity and solar radiation can be the source of energy. When Solar energy is used for this purpose, it is 

known as Solar water Distillation. Solar Distillation is an attractive process to produce portable water using 

free of cost solar energy. This energy is used directly for evaporating water inside a device usually termed a 

“Solar Still”. Solar stills are used in cases where rain, piped, or well water is impractical, such as in remote 
homes or during power outages. Different versions of a still are used to desalinate seawater, in desert survival 

kits and for home water Purification 

Keywords – Purification, Convection, Distillation, Evaporation, Radiation. 

 

I. INTRODUCTION 

 

Metalworking fluids (MWFs) play a significant role 

in manufacturing processes such as forming, cutting 

and grinding. They influence heat generation in 

metalworking processes by reducing friction 

between tool and workpiece. Cooling is furthermore 

achieved by dissipating and conducting the 

generated heat. By their lubricating and cooling 

properties, MWFs contribute to the avoidance of 

thermal damage of the workpiece material and 

reduce wear of the tool. In general we can define 

metalworking fluids as liquids, which are supplied to 

a manufacturing process in a way that allows for 

increased productivity based on lubricating and 

cooling effects. As general aspects of the fluids are 

discussed, which are mainly independent from the 

manufacturing process, commonly used terms such 

as coolant, lubricant, grinding oil, cutting fluid are 

summarized as MWFs. 

http://ijsrcseit.com/
mailto:spsammedpatil@gmail.com
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Fig. 1. Classification of the MWF types according to 

DIN 51385 (simplified). 

 

Liquids which are included in the term MWFs have 

been classified based on different criteria like 

formulation (oil-based, water-based), manufacturing 

process (cutting fluid, grinding oil, forming oil, etc.), 

or quantity (flooding, MQL, etc.). Not all of these 

classifications are suitable to discuss MWFs and their 

properties from a mechanism-oriented point of view. 

According to DIN 51385, MWFs are classified 

following their composition as oil-based or water-

based MWFs. 

  

Specific properties are achieved by adding specific 

chemical substances (additives). Fig. 1 shows the 

classification of MWFs according to DIN 51385. 

 

 
Fig. 2. A micelle of an oil-in-water-emulsion 

 

 

1.1. History and demand for

 MWFs in manufacturing technology 

 

Early approaches for the support of metalworking 

processes by fluids utilize two basic properties of 

liquids: their ability to dissipate heat and to reduce 

friction by lubrication. Leonardo da Vinci created 

several test set- ups allowing for the analysis of 

friction under varied conditions (Fig. 4). Beside of 

the use of pure fats and oils, early MWFs were 

mixtures of water (which has the highest heat 

transfer coefficient) and additional substances for the 

improvement of the MWFs’ properties, especially the 
lubrication ability. 

 

Fig. 2. Leonardo da Vinci’s sketches of tribological 
test set-ups for the analysis of friction. 

 

Natural products such as animal oils and fats 

(primarily whale oil, tallow, and lard)as well as 

vegetable oils from various sources such as olive, 

palm, castor, oil plant and 

  

other seed oils were used to compose the first 

MWFs.They were applied in manufacturing 

processes 

e.g. for the production of metal artwork and weapons 

in the middle age.In further work of da Vinci, a 

mixture of oil and corundum was applied for 

lubrication purposes in an internal cylindrical 

grinding machine.Special grooves were inserted to 

the grinding wheel to allow for efficient supply of 

the MWF to the tool. 

 

In the early 19th century, the design of machine 

tools made considerable progress and simultaneously, 

the techniques for the supply of MWFs were 
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improved. In his autobiography James Nasmyth 

describes his inventions, e.g. a traversing drill, which 

had a small tank to supply water or soap in water (‘‘as 
a lubricator’’) directly to the contact zone. The 
increased availability of mineral oil around 1850 had 

an intense influence on the composition of MWFs. 

The oil, which was a by-product of refining kerosene, 

was chosen to replace animal and vegetable oils in 

MWFs due to its low price. 

 

With the progress of industrialization in the 20th 

century, there was an increasing need for MWFs 

with higher performance. It was found that the 

addition of substances containing sulphur and 

phosphor lead to improved lubricating ability of the 

applied MWFs. The sectors of aviation and 

automotive industry were the main drivers of these 

developments focusing on higher levels of 

productivity in mass production (cf. Fig. 5). ‘‘Trial & 
error’’ was a base principle for the development of 
new MWFs with improved functionality. 

 

 
Fig. 3. Chronology development of MWFs 

 

II. METAL WORKING FLUIDS:USES AND 

CONCERNS. 

 

Metalworking fluids benefit a variety of metal 

cutting and shaping processes by cooling and 

lubricating the workpiece and tool, transporting 

chips out of the cutting zone, and imparting 

corrosion protection. Metalworking fluid chemistries 

are complex and vary significantly, depending on the 

manufacturing operation they are used in. By typical 

definitions, there are four categories of MWFs: 

straight oils, soluble oils, semi-synthetics, and 

synthetics. Straight oils consist of a petroleum or 

vegetable oil base with or without specialty additives. 

The remaining three types of MWFs are water-

soluble and are classified by the ratio of water to 

mineral oil in their concentrated form. The 

concentrate is usually diluted in 80 to 95 percent 

water when used in process. Typically, soluble oils 

contain greater than 20 percent mineral oil in the 

concentrate, while a semi-synthetic will typically 

contain 5 to 20 percent. Synthetic metalworking 

fluids contain no mineral oil. Water-soluble 

metalworking fluids contain varying amounts of 

specialty additives including lubricants, corrosion 

inhibitors, emulsifiers, chelating agents, pH buffers, 

defoamers, and biocides. Figure 4 illustrates the 

relative percentage of oil, water, and additives found 

in water- soluble MWFs. 

 

Four major concerns have been raised about the 

state-of- the-art application of MWFs.4 First, 

particulates, tramp oils, and bacteria are known to 

reduce the quality of metalworking operations over 

time.5,6 Second, these contaminants eventually 

render the fluid ineffective for metalworking 

operations, creating significant acquisition and 

disposal costs that reduce profitability.7,8 Third, the 

disposal of MWF places a significant burden on the 

environment. And fourth, bacteria and the biocides 

used to control their growth in MWFs can be a 

significant health hazard. 
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Fig.4. Relative proportion of water, oil, and additives 

in water-soluble MWFs. 

 

III. CONTAMINATION AND 

MONITORING TECHNIQUES FOR MWFs 

 

There are several reasons for contamination of 

MWFs. It might be due to Temperature Change 

during machining Process, Chemical composition of 

Work piece, aging of a water-based MWF is its 

colonization by microorganisms (microbial 

contaminations or due to surrounding Environment. 

Metalworking fluids have a variety of environmental 

liabilities associated with them that the industry is 

currently trying to reduce. Fundamental solutions to 

these environmental problems can take the form of 

MWF volume reduction, alternative MWF 

application strategies, MWF formulation changes, 

and MWF recycling technologies. However, most of 

these solutions require fundamental understanding 

and change at the metalworking process level. Not 

surprisingly, the solutions that have been most 

readily adopted have been those involving the least 

amount of manufacturing change. This is due to large 

data and modelling gaps that exist with respect to 

MWF usage. 

 

Appropriate tests to be carried out on water-mix 

metalworking fluids in use are set out below. For 

routine monitoring purposes a limited group of tests 

is usually all that is needed for each machine/system; 

these are highlighted in red as a general indication 

and may be carried out in-house with relatively 

simple equipment. A wider range of tests may be 

required if more in depth information is needed, for 

example to investigate a problem. 

• Appearance. 

• pH. 

• Concentration. 

• Emulsion Stability. 

• Microbial Aspects. 

 

These parameters are needs to tested in regular 

intervals Fortunately, maintaining concentration and 

general fluid condition go a long way to ensuring 

that pH stays in control. The pH value provides 

much information on fluid condition because growth 

of bacteria, low concentration, contamination and 

incipient separation may be signalled by a fall in pH. 

Specific additives can be used to restore pH to its 

correct value, but whether this is the right course of 

action is best decided by a specialist, taking into 

account the overall condition of the fluid. 

 

IV. CORRECTIVE ACTIONS 

 

In principle most of the corrective actions required 

to keep metalworking fluids in good condition can be 

carried out in house. However, determination of the 

most appropriate action is not always straightforward. 

For example, when a very high bacterial count is 

found from dip slide testing, it may seem reasonable 

to treat the fluid with biocide. Moreover, the result 

of such action may seem to have been completely 

successful when a low count is found following the 

biocide addition. But although bacteria are very 

small, when there are millions of them they do have 

a finite mass and the dead disrupted cells are still 

floating around in your fluid releasing substances 

which can be injurious to health. It follows that it is 

far preferable to control bacteria at a relatively low 

level, rather than going for mass kill when their 

numbers have grown out of hand. 

 

If the fluid concentration has become far too high 

you could just add plenty of water. The trouble with 

this strategy is that the resulting emulsion may not 

be stable, especially if tramp oil also present. The 

preferred practice of keeping concentration in 

control and adjusting when necessary by moderate 

additions of half strength emulsion will give much 

better results. 

Tramp oil skimmers come in a variety of 

configurations, most 

of which depend on a similar principle – oil is 

collected on a material which, owing to surface 

tension effects, has a greater affinity for oil than for 

the aqueous emulsion and then removed by physical 
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means such as scraping or squeezing. The 

materialmay be in the form of a rotating disc, 

continuous belt, loop of tubular plastic or a mop, 

partially immersed in the fluid. The efficiency of the 

process is greatly improved if the skimmer is 

positioned at a point where the circulation of the 

fluid is slowed thus enabling oil to separate to the 

surface. An alternative design involves a container 

(separator) packed with plastic rings to which tramp 

oil adheres as the fluid passes through. Separate 

outlets enable clean fluid to flow back to the 

machining facility, while oil is collected in a 

container for disposal. In rolling mills or other large 

systems the mixture of fluid and tramp oil may be 

fed to the separator from floating suction heads. 

Fines from ferrous metals may be removed by 

magnetic separators which are commonly fitted to 

grinding machines, the collected material being 

scraped off for disposal. Weir systems are also used 

for removing high density fines. Centrifuges are 

extremely effective in removing all types of fines. 

However, it is vital to empty the bowl in which the 

sediment collects regularly. If the bowl is overfilled 

not only does collection of fines cease, but the disc 

stack can become blocked resulting in a tedious 

manual cleaning process. A self-discharging 

centrifuge eliminates this problem by automatically 

emptying the bowl without the need to stop; 

however, such machines have a higher capital cost. 

Centrifuges are also capable of removing tramp oil 

from water-mix metalworking fluids. Hydrocyclones 

(which have no moving parts) work on the same 

general principle as centrifuges, accelerating the 

effect of gravity by centrifugal force, to separate 

solids from fluids. Removal of solids from 

metalworking fluids by filtration is carried out using 

paper, fabric and mesh filters. Paper filters may be in 

the form of rolls (which are moved on automatically 

to expose a fresh filtration surface), sheets (used in 

plate and frame filter presses) or as pleated paper 

cartridges. Selection of the most suitable type 

depends on the quantity of solids to be removed and 

the degree of cleanliness required. 

 

Paper roll filters and filter presses can remove much 

heavier solids loadings and are found on larger 

systems. Cartridge filters, with their much more 

limited dirt capacity, are more suitable for individual 

machine tools where cleanliness is critical. They are 

also useful for secondary filtration when the main 

bulkof solids have been removed. For neat oils which 

have become contaminated by moisture 'blotter' 

cartridges are available which absorb water as well as 

ensuring a high degree of cleanliness. Cartridge 

filters must be discarded when their dirt capacity has 

been reached and are relatively costly, being 

reserved for critical applications. Fabric filters are 

available in rolls, as specially designed double to fit 

recessed plate filter presses and in bag form 

supported in a cylindrical container. 

 

Rotary drum filters, some models of which operate 

under vacuum, are capable of continuously removing 

substantial solids loadings from the fluid. They are 

available in a range of capacities, the largest serving 

major machining facilities. Mobile filtration units 

can be wheeled from machine to machine, removing 

the contents of the sump (swarf and metalworking 

fluid) by suction. The fluid is filtered and returned to 

the machine using the onboard pump. Mobile units 

also enable the fluid to be held during thorough 

cleaning of the machine tool coolant system. Some 

processes, such as cold forming in the manufacture of 

fasteners and seamless tubes, generate large 

quantities of fine, solids in the form of a 'sludge' 

which may require treatment in two stages, the first 

to remove the bulk of solids and the second stage to 

achieve the desired degree of cleanliness. Many of 

the units for the foregoing treatments operate 

automatically and units combining more than one of 

the methods are available, for example magnetic 

separation and filtration. A further option is to 

incorporate fluid cooling into the treatment process. 

Complete turnkey installations for coolant treatment 

and swarf handling are also available. 

 

Control of microorganisms (bacteria and fungi) is 

mainly effected by use of biocides although a number 
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of physical methods are available or being developed. 

Some water-mix metalworking fluids contain a 

biocide (or biocides) in the concentrate as supplied, 

whilst others depend upon the inherent resistance of 

the constituents of the formulation to 

microbiological spoilage to protect the emulsion in 

use. 'Tankside' additions of biocide may be found to 

be necessary during service to maintain resistance to 

spoilage. Such additions should be based on the 

outcome of monitoring tests and made accurately by 

trained personnel. 

 

V. CONCLUSIONS 

Good fluid management practice, with correct 

control of concentration, offers a degree of 

protection against microbiological spoilage by 

ensuring that pH is maintained. The extent to which 

pH is an effective means of control of 

microorganisms is the subject of current research. 

Alternative or complementary methods for control 

of microorganisms which have been investigated for 

use in water-mix metalworking fluids include 

exposure to heat, ultraviolet radiation, ozone, silver, 

ultrasound and bacteriophages. 

 

Following the large outbreak of respiratory diseases 

at the Powertrain plant, which are believed to have 

been associated with used metalworking fluids 

containing bacteria, research is being carried out 

with the objective of achieving a more fundamental 

understanding of the cause(s) of these disorders. A 

specific group of metalworking fluids known as Bio 

concept fluids are formulated to operate with a 

controlled population of 'friendly bacteria' which are 

intended to discourage the proliferation of 

undesirable bacteria. Good fluid management is still 

required for these fluids. 
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ABSTRACT 
 

This work is pertaining to modification of milling and cutting tool inserts plant layout in Production Unit.. 

Extensive work has been carried out using value stream mapping (VSM) to identify the problems, 

bottlenecks, cycle time, down time, work-in-process inventory, material movement constraints, 

production flow lines etc in the existing system. Modification of present layout in PU5 leading to creation 

of separate layout for five operations of milling inserts manufacturing activity, addition of machines 

required, and reducing the job allocation time from 24 hours to 6 hours has resulted in a lot of 

improvements. Significant improvements are;  

(i) Lead time of milling inserts manufacturing is reduced from 14.092 days to 5.95 days and that of 

turning inserts is reduced from 12.392 days to 5.58 days. Percentage reduction in Lead time is 

57.77% and 54.97% respectively.  

(ii)  Work-in-process Inventory is reduced from 210550 units to 110600 units, reduction of 47.5 

percent.  

(iii) Material handling distance is reduced from 315 meters to 265 meters. Value added percent for 

Turning Inserts is increased from 15.04 % to 45.02% and for milling inserts from 13.012 % to 

42.02%. 

(iv)   Centralization of coolant supply system resulted better space utilization and flexibility in effecting 

changes in machines locations.  

(v)  With the new overhead electric connections, the power line can be dropped down and used by the 

required machines and the need to re-wire and re-do the entire electric connection for layout 

changes is eliminated. 

 Based on the study and in consultation with company executives the present Mixed-flow line is 

converted into Mixed-flow line zone To Parallel dedicated flow lines zone To Mixed-flow line zone in 

two plants.This resulted in development of separate reconfigured layout. 

Keywords: Value Stream Mapping, Lead Time, WIP Inventory, Flow Line 
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I. INTRODUCTION 

 

Success of the manufacturing industry is 

largely determined by its ability to respond 
rapidly to market changes and to immediately 

adjust to customer demand. This has resulted 

in an increasing demand for deployment of 
systems that can cope with agility and 

efficiency. Companies must respond with 

modifying production processes. It has been 
studied by several authors that, in order to 

respond to customer´s requirements [1]. 

VSM has been defined as a powerful tool that 

not only highlights process inefficiencies, 
transactional and communication mismatches 

but also provides inputs and guides for 

improvement /modification of manufacturing 
layouts. This tool is proved to be successful in 

different applications under different 

environments and contexts. 
Large manufacturing organizations have been 

achieving productivity improvements for 

decades using what is commonly known as 
lean production. Less is known about the 

extent to which small and medium sized firms 

have benefitted from adoption of lean 

practices such as VSM. This tool helps in 
tracing out system constraints and overcome 

them by implementing new proposals in 

production units [2].  

VSM is a method of visually mapping the flow 

of materials and information from the time. 

The product comes in as the raw material, 
moves through all the manufacturing process 

steps and off the loading dock as finished 

product. Mapping out the activities in the in 
the production process with the cycle times, 

down times, work-in-process inventory, 

material movement, information flow paths, 
will help to visualize the current state of the 

activities and guide towards the future 

desirable state. When all the possible 
improvements have been identified and 

considered in VSM, the next stage is to 

develop a single, future state map to show 

how to operate the process in the future. The 
new process is tested against the Lean 

principles and any waste or flow issues are 

identified and removed [3].  
 

II. EXISTING MANUFACTURING SYSTEM 

 
In cutting tool inserts manufacturing 

company PU5 is engaged in the process of 

manufacturing turning and milling tool inserts, 
these inserts are mainly used for metal cutting. 

Cutting tool inserts are manufactured by 

adopting powder metallurgy process. Powder 

metallurgy uses sintering process for making 
various parts out of metal powder. The metal 

powder is compacted by placing in a closed 

metal cavity (die) under pressure. This 
compacted material is placed in an oven and 

sintered in a controlled atmosphere at high 

temperatures below the melting point of the 
main constituent for the purpose of increasing 

its strength by binding together of particles. 

Manufacturing steps after sintering are top 

and bottom grinding, periphery grinding, edge 

rounding, cleaning and blasting.  

Most of the manufacturing procedure of 
milling and turning inserts is common, only 

additional process in milling tool inserts is 

periphery grinding operation. Presently 

turning and milling tool inserts are 
manufacturing in mixed flow process. 
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III. Existing System VSM 

VSM is a mapping tool that maps not only 
material flows but also information flows that 

signal and control the material flows. This 

visual representation facilitates the process of 
lean implementation by helping to identify 

the value adding steps in a value stream and 

eliminating the non-value adding steps, or 
wastes. The focus of VSM is on a product 

“value stream” for a given “product family”. 
The future state map forms the basis for the 

implementation plan, for focused 
improvement initiatives such as layout 

modification. 

 
A. Current State Mapping 

Value stream mapping of the current state 

identifies the essential and non-essential value 
added activities in the existing process. In PU5 

it is identified that several bottlenecks raised 

due to increase in customer demand rate than 
the current production rate or operation cycle 

time. Comparing takt time; which depends on 

demand rate and quantity in the process flow, 

with the operations cycle time, it may be 
noticed that for both products, operations 

cycle time is greater than the takt time (Table 

1). 
B. Observations and Discussions 

Production activity carried out in PU5is of 

mixed flow process which has many pit falls. 
In each flow workers are required to travel 

longer distances between machines / 

workstations, this causes increase the work in 
process inventory. Routing of process flow is 

long and difficult to follow. Important 

observations made in existing layout are given 
below; 

Manufacturing operations of turning inserts 

and milling inserts have common machines, 

minimum distance between machine to 
machine is 3 meters and maximum distance is 

48 meters which causes longer time for 

material movement, this contributes for 
higher machine idle time. Also it is observed 

that, because of independent coolant system 

for individual machines, effective space 
utilization of shop floor is only 32.7%. Further 

it was found that coolant leakages are taking 

place at many machines. 

Huge total inventories of inserts are 
accumulated at work stations.  Some machines 

are common in function and shared by other 

process where the pile up inventory occurs. 
Demand rate is more than production capacity. 

It is observed that value added percent for 

Turning Inserts is 15.04 % and for milling 
inserts it is13.012 %which is very low.  

Sintering is a monumental process, where in 

batch quantity is more than 10000 numbers in 
inserts and cycle time is more than 24 hours. 

Hence this activity may be kept out of the 

dedicated flow lines proposed for turning 

inserts and milling inserts manufacturing. As 
pressing operation is done prior to sintering 

operations, this operation also needs to keep 

out of flow lines. But work in process 
inventory at this operation is 236 kg and it 

stays for0.8401 days. 
IV. FUTURE STATE MAPPING 

Inputs for developing the future state are 

taken from current state, where target areas of 

improvement are discussed. Current demand 
rate of turning inserts is of 4.5 seconds per 

insert and 6.75 seconds per insert for milling 

inserts. Production activity in PU5 is modified 

into partly mixed flow line and partly 
dedicated flow line. Accordingly future state 
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developed comprises mixed flow line zone 

consisting pressing and sintering operations, 

followed by dedicated flow lines zones for 
turning and milling inserts consisting top and 

bottom grinding, periphery grinding (only for 

milling inserts), edge rounding, cleaning, and 
blasting operations, and continued with mixed 
flow line for operations such as coating, 

inspection, mark and dispatch[7-11]. 
Jobs are allocated to each operation for every 

6 hours by considering their capacity i.e. by 

matching the demand rate and production 

capacity of machines. With proper job 
allocation and inclusion of new machines in 

certain operation where it needs future state 

map has projected substantial improvements 
in terms of reduced in process inventory, 

reduction in non-value added time, lead time 

etc. Important improvements which can be 
achieved are; 

In process inventory has reduced at all the 

operations. Presently, with the future state 
map, total in process inventory is reduced up 

to 47 percent. 
Reduction in production lead time from 

12.392 days to 5.58 days for manufacturing of 
turning inserts and 14.092 days to 5.95 days 

for manufacturing of milling inserts. 
 Value added percent is increased to 45.02% 
for turning inserts and 42.02% for milling 

inserts. 

 
V. DEVELOPMENT OF NEW LAYOUT 

 It is required to separate the certain 

operations of milling inserts manufacturing 
from existing layout due to increased 

requirement of space and for smoother the 

flow of inserts. In view of this it is necessary 
to develop new layout to house the machines 

required for top and bottom grinding, 

periphery grinding, edge rounding, cleaning 

and blasting machines.  New layout is 
developed by considering the factors such as; 

machine area and other requirements, 

material movement distance, machine to 
machine distance and flow of inserts[4].  

 Layout developed is shown in Figure 1 

for separated 5 operations of milling inserts 
manufacturing. Smoother flow of inserts has 

obtained with the separation of five 
operations of milling inserts manufacturing 

from existing layout. This separation made the 
availability of free shop floor area in PU5 to 

improve further in turning inserts 

manufacturing process and eliminating the 
mix up of inserts. Figure 2 depicts the 

modified layout of existing Production Unit 

which leaves out the separated machines of 
milling inserts manufacturing process. There 

are no big changes made in machine 

allocation of turning inserts manufacturing 
process[3]. 

 

VI. COMPARISON OF PROPOSED SYSTEM 

WITH EXISTING SYSTEM 
Compared to existing system, several 

improvements are achieved with the adoption 

of proposed system; selected improvements 
are given in Table 2. In the new system 

dedicated machines are allocated for turning 

and milling inserts manufacturing process in 
some operations. Compared to existing system, 

new proposed system reduces in process 

inventory level by 47.47 %, reduces lead time 
from 12.392 days to 5.58 days for 

manufacturing of turning inserts, and reduces 

from 14.092 days to 5.95 days for 
manufacturing of milling inserts[6,12].  
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VII. CONCLUSIONS 

Modification of existing layout leading to 
creation of separate layout for five operations 

of milling inserts manufacturing activity, 

addition of machines required, and reducing 
the job allocation time from 24 hours to 6 

hours has resulted in a lot of improvements. 

Significant improvements are;   
Lead time of milling inserts manufacturing is 

reduced from 14.092 days to 5.95 days and 

that of turning inserts is reduced from 12.392 

days to 5.58 days. Percentage reduction in 
Lead time is 57.77% and 54.97% respectively. 

Work-in-process Inventory is reduced from 

210550 units to 110600 units, reduction of 
47.5 percent. 

Material handling distance is reduced from 

315 meters to 265 meters 
Value added percent for Turning Inserts is 

increased from 15.04 % to 45.02% and for 

milling inserts from 13.012 % to 42.02% 
Better space utilization and flexibility in 

effecting changes in machines locations[5]. 

Existing mixed-flow line in Production Unit is 

converted into mixed-flow zone to parallel 
dedicated flow lines zone   mixed-flow zone 
in two plant Units. Company has accepted the 

layouts and taken up for implementing the 
changes.  
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Table 2: Comparison of Proposed System with 

Existing System 
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ABSTRACT

The contemporary global market of the manufacturing industries thrives on customer

satisfaction. The required parameters are the maintenance of the quality and on time

delivery with minimum expenditure. In a competitive world, unique specialization and
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cooperation with customer are the primary priorities. Cloud computing manufacturing sets

the paradigm for the emerging manufacturing oriented service. It further integrates and

distributes manufacturing process through which complex manufacturing demands with

high expectation of customer customization can be fulfilled. In this paper we studied and

established a good mathematical model for customer order scheduling problem, we

propose a Mixed-Integer-Linear programming model to investigate the problem size for the

optimality and a heuristic based subtask scheduling algorithm is developed for solving large

instances. The computational results demonstrate the practicality and effectiveness of the

proposed method.
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Abstract 

The kinetics and oxidation of 4-methylthiophenyl acetic acid by acidified potassium dichromate was studied spectro 

photometrically at constant ionic strength 0.01mol/dm3. The reaction exhibits 2:1 stoichiometry. The first order dependence of 

the reaction on [K2Cr2O7]o was noticed and less than unity order dependence on [MTPA]o and [H2SO4]. The reaction was 

studied by varying the temperature and the activation parameters are calculated from the experimental data. The activation 

parameters Ea(kJ/mol), ΔH#(kJ/mol), ΔS#(J/K/mol) and ΔG#(kJ/mol) for the rate determining step were obtained. Impact of 
ionic strength has been studied. Rate constant for the rate determining step was calculated and a suitable mechanism has been 

proposed. 

 

© 2018 Elsevier Ltd. All rights reserved. 
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1. Introduction  

4-methylthio phenyl acetic acid (MTPA) (Molecular weight = 182) and its derivatives are commonly employed in 

the treatment of asthma and Bronco - dilatory problems as an antiasthma tic drug [1-2]. From the Literature survey it 

was observed that there are no much efforts being made to unfold the kinetics and mechanistic chemistry for the 

oxidation of the drug MTPA. The chemistry of potassium dichromate has evinced appreciable interest due to its 

diverse behaviour [3]. 
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For these considerations, we have intended to take up a systematic investigation of kinetic chemistry for the 

oxidation of MTPA drug with potassium dichromate in aqueous acidic medium in order to disclose the mechanistic 

picture of the redox system. Hexavalent chromium in various forms has a wide application in synthetic organic 

chemistry as mild oxidizing agent [4,5,6]. Various chromate salts like bis [trinitratocerium (IV)] chromate and 

pyridiniumchlorochromate are used to study the oxidation of thiophenols, benzyl thiol and alkyl thiols [7]. The 

kinetics render significant information on mechanism and rate of chemical reaction which supports to run a chemical 

reaction successfully by a way of selecting optimum conditions as to get maximum yield. The study of kinetics of a 

reaction allows a chemist to understand the factors like temperature, pressure, substrate concentration, oxidant 

concentration, composition of reaction and catalyst, which influence the rate of reaction. The study of reaction 

kinetics will be very important to investigate the reaction mechanism. 

 

2. Experimental 

 

2.1.  Materials and reagents used 

       All the chemicals and reagents used in the study are of AR grade obtained from Merck, the chemicals are used 

as obtained without further purification and doubly distilled water was used for solution preparation. Prepared 

potassium dichromate solution was standardized by analysing its absorbance at 360nm, using UV-visible double 

beam spectrophotometer.4-methylthiophenyl acetic acid solution was prepared by dissolving requisite amount of 

sample in distilled water. Sulphuric acid and potassium chloride were also prepared in doubly distilled water and 

standardized by standard methods [8]. Absorbance was recorded on systronic UV-Visible Spectrophotometer at 

360nm. 

Table 1. Effect of variation of [Oxidant]o, [Substrate]o, [acid] on the rate of the reaction at 298K. 

 

 

 

 

 

 

 

 

 

 

 

2.2. Kinetic Measurements 

     Pseudo first order conditions were maintained to perform the kinetic runs where the substrate concentration was 

kept in excess over the oxidant concentration. The reaction was initiated by adding the measured volume of oxidant 

rapidly into a 100ml beaker containing the required amount of substrate, acid and water to sustain a constant total 

volume. The progress of the reaction was monitored spectrophotometrically. The reaction kinetics was followed by 

monitoring disappearance of Cr(VI) at λmax=360nm using conventional Systronics UV-VIS spectrophotometer 

equipped with a thermostatic bath for temperature control with an accuracy of ± 0.1
o
C. The graph plotted between 

log (absorbance) and time with a fixed time method determined the pseudo first-order rate constants (kobs, S
-1

).  

 

   [Cr(VI)] x 104 

       (moldm-3) 

 

    [MTPA] x 103 

       (moldm-3) 

 

    [H2SO4] x 101 

       (moldm-3) 
 

 

          k/ x 103(s-1) 

 

0.25 1.0 5.0 1.53 

0.5 1.0 5.0 1.34 

1.0 1.0 5.0 1.82 

2.0 1.0 5.0 1.63 

3.0 1.0 5.0 1.82 

1.0 0.25 5.0 1.28 

1.0 0.5 5.0 1.15 

1.0 1.0 5.0 1.82 

1.0 2.0 5.0 2.94 

1.0 3.0 5.0 3.45 

1.0 1.0 1.25 0.08 

1.0 1.0 2.5 0.31 

1.0 1.0 5.0 1.82 

1.0 1.0 10.0 5.5 

1.0 1.0 15.0 2.94 



2856 Asha P.K. et al/ Materials Today: Proceedings 5 (2018) 2854–2859 

The above graphical method was used for the calculation of rate constants in presence of MTPA, K2Cr2O7, H2SO4 

and KCl.The reaction was followed for more than two half-lives. The orders for various species were determined 

from the slopes of plots of logkobs versus respective log concentration of substrate, potassium dichromate and 

sulphuric acid, in turn while keeping all other concentrations, and conditions constant. 

 

3. Results  

 
3.1. Product Analysis 

     The reactants in the stoichiometric ratio are allowed to react for 24 hours in presence of H2SO4 at 303K under 

constant stirring on a magnetic stirrer and thin layer chromatography (TLC) method was used to monitor the 

progress of the reaction, NaOH was added to neutralize the reaction mixture, the oxidation products are extracted 

with ethyl acetate and separated by column chromatography. 

Stoichiometry of the reaction was determined by equilibrating known excess concentration of oxidant with known 

amount of MTPA. It was found that two moles of MTPA and one mole of dichromate was consumed in the product 

formation. The obtained disulphide product was identified as 2,2’-[disulfanediyldi(4,1-phenylene)]diacetic acid. 

Determination of melting point has confirmed the product. 

     The kinetic study of oxidation of MTPA by potassium dichromate was investigated at various initial 

concentrations of the reactants in sulphuric acid medium. An example for redox reaction, MTPA Vs potassium 

dichromate in the presence of higher concentration of sulphuric acid (5mol/dm
3
) gives chromium (III) as the 

reaction product. The kinetic study has been involved between the oxidation of MTPA and potassium dichromate as 

a function of [MTPA], [Cr (VI)] and [H2SO4]. The data obtained was put together in Tables 1-2 and Fig 1 illustrates 

the variation in the log (absorbance) of potassium dichromate with specific time intervals as MTPA concentration 

changes. 

 

 

 

 

 

 

 

 

 

Fig. 1. Graph for log (absorbance) versus time for the dichromate and MTPA reaction. Conditions: [Cr(VI)]=1X10-2 mol/dm3; [H2SO4]=5X10-

1mol/dm3; temperature=30oC; [MTPA]= 0.00025,0.0005,0.001,0.002, 0.003 mol/dm3 as mentioned in graph. 

 
3.2.  Effect of K2Cr2O7 on the reaction rate 

     The reaction was studied in acidic medium, liable to pseudo first order conditions of [MTPA] >> [K2Cr2O7].The 

linearity of the plots with consistent slopes are obtained at [K2Cr2O7]o , which indicates the first order dependence of 

reaction rate on [K2Cr2O7]o. Figure. 2 The pseudo first order rate constants (ks
-1

) obtained are reported in Table 1. 
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Fig. 2.  Graph to study the variation of oxidant on reaction rate 

3.3. Effect of [MTPA] on the reaction rate 

       The rate of the reaction increases with increase in concentration of the MTPA, the plot of log kobs versus 

log[MTPA] was linear (R
2
> 0.9702) with slope 0.43, indicating fractional order dependence of rate on [MTPA]. 

Figure: 3 
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Fig. 3. Graph to study the variation of reductant on the reaction rate 

 
3.4. Effect of [H2SO4] on the reaction rate 

 

     The concentration of sulphuric acid was varied from 0.125mol/dm
3
 to 1.5mol/dm

3
 by maintaining all other 

reactant concentrations constant. The fractional order dependence on sulphuric acid was predicted from the plot of 

log kobs versus log [H2SO4]. Figure: 4 
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Fig. 4.  Graph to study the variation of H2SO4 on the reaction rate 

 

3.5.  Effect of varying temperature on the reaction rate 

The reaction rate was monitored at different temperatures (303K – 328K) by maintaining other experimental 

conditions constants. The results confirm the direct relation between reaction rate and temperature that is as 

temperature increases rate of the reaction increases. Table 2. 

 

              Table 2. Impact of temperature on the pseudo- first order rate constants 

 

 

 
 From linear Arrhenius plots of log kobs versus 1/T, values of activation parameters (Ea, ΔH≠, ΔS≠, ΔG≠

 and logA) 
are evaluated. 

                                                   Table 3. The activation parameters for oxidation of MTPA by K2Cr2O7 in acidic medium 

Parameters                       Values 

Ea(J/mol) 

ΔH#
(J/K/mol) 

ΔG#
(J/K/mol) 

ΔS#
(J/K/mol) 

2046.5 

-431.07 

88611.3 

-298.8 

Following conclusions are drawn from the activation parameter value given in Table 3. 

• The high value of activation energy is consistent with the accepted view that the reaction between MTPA and 

potassium dichromate is slow reaction and would require a higher energy of activation. 

• ΔH# 
value suggests that reaction becomes spontaneous for thermal activation. Due to change in negative 

entropy of the transition state net free energy change is positive and the reaction results non-spontaneous. 

 

Temperature(oC)   kobs x 103(S-1) 
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4. Discussion 

      In aqueous acidic medium Cr is present in its VI oxidation state. The dithiol comprising reaction will be initiated 

by the removal of CH3 group from the methylthiol followed by the formation of intermediate (thiol- chromate) 

complex, which on oxidation produces thioketone, the formation of thioketone is the slow and rate-determining step. 

Thus, formed thioketone interacts with the 4-methylthiophenyl acetic acid results in the formation of dithiol.  

SCHEME: 

 
5. Conclusion 

       The oxidation of MTPA, which is commonly used for the treatment of asthma and Bronco - dilatory problems 

as an anti-asthmatic drug, by potassium dichromate in H2SO4 medium has been verified to follow pseudo- first order 

rate kinetics. The reaction showed unit order dependence with respect to the concentration of dichromate and less 

than unit order with respect to MTPA. The rate of the reaction can be enhanced with the addition of a catalyst. The 

proposed mechanism involves the chromate ion and the formation of a disulphide as the product. 
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Abstract. The nanofillers in the macromolecular matrix have displayed noteworthy changes in the structure and reactivity   
of the polymer nanocomposites. Novel functional materials usually consist of defects and are largely disordered. The 
intriguing properties of these materials are often attributed to defects. X-ray line profiles from powder diffraction reveal the 
quantitative information about size distribution and shape of diffracting domains which governs the contribution from small 
conventional X-ray diffraction (XRD) techniques to enumerate the microstructural information. In this study the MgO 
nanoparticles were prepared by solution combustion method and PVA/NaCl/MgO nanocomposite films were synthesized by 
the solvent cast method. Microstructural parameters viz crystal defects like stacking faults and twin faults, compositional 
inhomogeneity, crystallite size <N> and lattice strain (g in %), were extracted using whole pattern fitting method. 

INTRODUCTION 

Polymer nanocomposites have emerged as advanced functional materials particularly in biomedical applications, 
drug delivery, sensors, food packaging and bone tissue substitutes [1-4].The prudent properties of polymer 
nanocomposites can be customized by blending metal or metal oxide nanoparticles with the pristine polymer. MgO 
nanoparticles are of specific interest as they exhibit excellent biocompatibility. MgO nanoparticles are used in various 
applications like photo catalysis, as bactericidal, for waste remediation and drug delivery [5-7]. In materials science and 
technology, the structure - property relationship dictates the functional attributes of the materials which also depend 
upon the synthesis routes for these materials. Exploration of the microstructure is the key aspect of material technology, 
any change in the internal structure due to synthesis methods, precursors or due to the chemical environment has the 
discerning consequences on the different properties of the materials. If we can understand these microstructural changes 
we can tailor the materials properties.  

Novel functional materials usually consist of defects and are largely disordered. The intriguing properties of these 
materials are often attributed to defects [8].Naturally the characterization of the materials which are considerably 
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disordered at the atomic levels assumes greater importance. Essentially, X-ray diffraction data of these materials 
consists abundant information of defects and disorder enclosed in diffuse scattering.  

Nonetheless, there are constrained reports on magnesium oxide nanoparticles as fillers in the PVA matrix and their 
microstructural characterization in the literature. Henceforth the microstructural characterization of the prepared 
PVA/NaCl/MgO nanocomposites using whole pattern fitting method is vital for understanding the emerging structure 
and properties of nanocomposites.  

In this study the microstructural parameters of PVA/NaCl/MgO nanocomposites viz crystal defects like stacking 
faults and twin faults, compositional inhomogeneity, crystallite size <N>, lattice strain (g in %), are extracted from 
diffraction lines of polymer nanocomposites.  

EXPERIMENTAL 

Solution combustion method [9] which is a breakthrough method emerged as a competent, economical and swift 
technique for the synthesis of high purity, homogeneous and crystalline metal oxide nanoparticles was employed for the 
synthesis of magnesium oxide nanoparticles. The polymer nanocomposites of different weight percentages were 
prepared by solvent cast method as reported earlier [9]. Bragg reflection profile with the distribution of crystallite size, 
lattice strain and stacking faults  can be expressed as [9],  

 
 
 
 

 
 

where ( )hkl hklI S  is the intensity of a profile in the direction joining the origin to the center of the reflection, 
IPT  is 

the Fourier transform of instrument profile, 
2

g
i nd

e    is the average phase factor due to lattice distortion(ζ) 

and 
2

g
i nd

e  is due to crystallite size / stacking faults. 
 
 
The whole powder pattern of samples were simulated using individual Bragg reflections represented by the above 

equation using  
 

                                                          ( ) ( ) (2)hkl hkl

hkl

I s I BG                                            

wherein ωhkl are the relevant weight functions for the (hkl) Bragg reflection and  (s) accounts for  the whole range 
(2θ ≈ 80 to 800) of XRD. BG represents the limiting factor brought in to contrive the background evaluations. The 
microstructural parameters were computed using PEAKFIT [10] and SIMPLEX [11] multidimensional minimization 
program until one obtains a meaningful convergence. 

RESULTS AND DISCUSSION 

Line profile analysis is one of the potent methods for defect characterization in materials. Presently, various 
software packages and methods are available to acquire stacking faults, twin faults etc.., which make use of whole 
powder pattern modelling [12].  

 

22 2
( ) ( ) ( ) (1)g g gIP

hkl hkl

indSi nd i nd hkl
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FIGURE1. Experimental and simulated X-ray diffraction pattern of PVA/NaCl/MgO by whole powder pattern fitting technique 

Incidentally, most of the methods depend upon multiple-order approach [13]. A multitude of these modelling 
designs enunciate the significance of line profile analysis [14].These studies embark on use of single-order method for 
analysis of microstructure [15]. The whole pattern fitting gives us more reliable microstructural parameters compared to 
other methods [16]. The experimental and simulated x-ray profiles with different weight percentage composition of 
PVA/NaCl/MgO nanocomposites using whole powder pattern technique is shown in figure 1. The microstructural 
parameters evaluated are shown in Table 1 for pristine PVA and PVA/NaCl/MgO nanocomposites using exponential 
column length distribution. From Table 1 we observe that the average crystallite area increases for 2wt% and decreases 
upto 6 wt%, but increases for 8 wt%  and there is conformity between experimental and simulated X-ray intensity 
profiles as the standard deviation is about 10% in the current study. From PEAK – FIT program, using Gaussian 
deconvolution procedure the XRD profiles from samples were extracted. Line profile analysis was carried out for 4 to 6 
reflection profiles incorporating instrumental broadening correction. Making use of multidimensional minimization 
program SIMPLEX intensity of the XRD profiles have been simulated by repetition of the process using above 
mentioned equations, for significant reflection profiles, until a meaningful convergence is achieved. Apparently it is 
noticeable from the Table 1 that the innate lattice strain present in the polymer nanocomposites is 0.5%. Owing to the 
fact that there are an excessive number of layers between two ensuing deformation fault layers ,the evaluated 
microstructural parameters like twin faults, stacking faults and default probabilities didn’t change considerably, which 
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could be attributed to the presence of crystalline domains in the amorphous region of the macromolecular matrix. The 
noticed disparity in the micro structural parameters as noticed in Table 1 is a result of two-fold refinement [9].The line 
profile analysis of the reflection profiles were performed from overlapping domains, on account of being the gold 
standard to evaluate the micro structural parameters. The extent of overlapping domains dictates the range of 
broadening of the reflections. The observed trend in the crystallite size values could be attributed to these broadening 
which in turn depends upon the adjoining reflections. 

TABLE 1.Microstructural parameters and stacking faults for pure PVA and PVA/NaCl/MgO nanocomposites using exponential 
distribution function 

Samples  Peaks   2θ 
(deg) 

Crystallite size 
Ds 
(Å) 

Stacking 
fault(αd) 

 
Twin fault 

(β) 
delta  
(E-
03) 

 
Crystallite area 

(Å2) 
 

PVA 1 
2 
 

19.7 
41.91 

 

          33.7 
29.7 

 

3.38E-7 
3.10E-5 

    7.21E-5 
8.54E-5 

3.04 1000 

PVA/MgO 
2 wt% 

    1 
2 
3 
4 

19.69 
27.42 
31.78 
45.51 

34.6 
260.0 
408.8 
387.8 

3.06E-5 
8.27E-6 
2.28E-6 
6.67E-6 

    6.64E-5 
2.08E-6 
1.67E-6 
7.42E-7 

2.44 14144 

PVA/MgO 
4 wt% 

 
1 
2 
3 
4 

19.77 
27.44 
31.78 
45.50 

27.7 
313.9 
408.8 
379.0 

1.70E-6 
4.83E-6 
3.75E-6 
4.78E-6 

 
2.70E-4 
5.00E-6 
7.47E-6 
6.37E-6 

2.45 11323 

PVA/MgO 
6 wt% 
 

 
1 
2 
3 
4 

20.31 
32.60 
46.27 
57.26 

28.7 
219.2 
254.8 
384.0 

3.53E-5 
7.00E-6 
8.66E-6 
5.60E-9 

 
1.25E-5 
3.32E-5 
1.73E-5 
4.05E-8 

1.86 11020 

PVA/MgO 
8 wt% 

1 
2 
3 

19.83 
31.83 
45.55 

 
 

33.9 
462.0 
389.0 

 

3.69E-5 
2.97E-8 
9.16E-7 

 

     4.97E-5 
6.51E-8 
3.88E-6 

 

0.77 
 

15661 

 

CONCLUSIONS 

a) The MgO nano-particles of average size 12-14 nm was synthesized by solution combustion method. 
b) The PVA/NaCl/MgO nanocomposites of 2 wt%,4 wt%,6 wt% and 8 wt% were prepared by solvent cast method 
c) The estimated values of microstructural parameters for pristine PVA and PVA/NaCl/MgO nanocomposites using 

equations mentioned above indicated decreased values relative to neat PVA.  
d) The noticed disparity in the micro structural parameters is due to a two-fold refinement.  
e) We observed that average crystallite area varies with the nanoparticle concentration in polymer nanocomposites. 
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ABSTRACT

The Steady state and time resolved studies of fluorescence quenching of excitation energy

of heterocyclic compound namely 3-[2-Oxo-2-(3-oxo-3H-benzo[f]chromen-2-yl)-

ethylidene]-1,3-dihydro-indol-2-one [3OBC] by aniline was carried out in dioxane solvent

only with a view to understanding the role of diffusion in the quenching mechanism. The

heterocyclic compound is excited directly by UV radiation of 300 nm and probabilities of
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quenching per encounter p (or p’) were determined in the toluene solvent. Further the

activation energy E’  (or E’ ) of quenching was determined using the literature values of

activation energy of diffusion E  and the experimentally determined values of p (or p’).

Magnitudes of p (or p’) as well as the values of E  (or E’ ) suggests that the quenching

reaction is predominantly controlled by material diffusion.
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Abstract - Business Intelligence (BI) system combines operational data with analytical tools to present complex and 
competitive information to planners and decision makers. Business Intelligence mainly used to provide assistance in process 

of decision making.It is all about taking disorganized information and turning it into a useful and accessible format so that 
data utilization can be efficiently performed. BI works through certain stages of life-cycle model of Business Intelligence 
functionality.In BI lifecycle model, set of tools are provided to analyse raw data to help making strategic and operational 
decisions, along with guidance in understanding what to look for in raw data.With the current development in the 
technologies used in business, BI handles to work in every real-time applications fields such as Healthcare, Banking, Higher 
Education, Organization, etc.In the future, the competence requirements of Business Intelligence will increase in the equal 
way as consumer expectations increase. It is therefore convincing that companies increase at the same pace or even faster to 
stay competitive.This paper depicts the glimpses of Business Intelligence architecture, its sage in varied fields and its 

applications.  
 

 

I. INTRODUCTION 
 

Business Intelligence (BI) has been considered as an 

essential part of any effective enterprise’s data 

processing and analysis strategy. Business 

Intelligence (BI) is about delivering relevant 

information to the right people at the right time with 

the goal of achieving better decisions faster. In order 

to do Business Intelligence, it requires methods and 

programs to collect unstructured data, convert it into 

information and present it to improve business 

decisions. BI takes the vast amount of data generated 

by businesses and presents it in meaningful 
actionable way incorporating simple concepts. BI is 

actually a large and complex field which covers 

performance management, analytics, predictive 

modelling, data and text mining and a lot more. BI 

provides a very efficient structure for designing and 

implementing a computer system, but it is dependent 

on the underlying business logic. 

For better understanding, we can compare the 

Business Intelligence functioning with grocery store. 

When we get into a grocery store and looking for any 

specific item, we do not need to find an employee to 
ask them where to look, instead grocery stores are 

organized into aisles and signs that make the store 

relatively simple to navigate. Similarly, when we 

need to collect information, say on production, 

billable hours and sales – goals we would likely to go 

to three different experts and ask them where we can 

find that information and then some other person will 

compile it for us. 

So, BI is all about taking messy information and 
turning it into a tidy and accessible format so that 

data navigation can be easily performed and as well 

can find needs independently without relying on 

others. Organizations no longer have to dig to 

through complex webs of linked spreadsheets 

analysing the data manually and mashing together 

reports, instead employees can use BI systems. BI 

also offers significant advantage in order to make 

strategic decisions i.e., having any time access to 

organized data, inefficient business processes and 

hidden patterns can be discovered easily, helps in 
identifying areas of strength and weaknesses as well 

as discover new opportunities which contributes 

better understanding of company’s operations and 

challenges. 
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Figure 1: Applications of Business Intelligence 

II. HOW BI WORKS 

 

The work flow in Business Intelligence lifecycle 

provides with set of tools to analyse raw data to help 

making strategic and operational decisions, along 

with guidance in understanding what to look for in 

raw data. As a framework, BI is a continuous cycle of 

analysis, insight, action and measurement. 

The figure below represents four different phases of 

BI lifecycle. It is the process of transforming the 

input data into actionable insights which leads to 

make strategic decisions. 
 

 
Figure2. Typical Life Cycle of Business Intelligence Functionality 

 

 Raw Data  

Data, whether it be structured data (relational tables), 

semi-structured (XML files) or unstructured data (like 

Facebook posts), it usually goes through ETL, where 

the data is extracted from its source and placed into 

staging area. While placing of data into staging area, 
it is cleansed, transformed and then loaded into Data 

warehouse. The next phase is reporting phase which 

gets its input from data-marts. This information is 

then evoked using reports or dashboards and is also 

made existing across mobile platform.  

 ETL 

In a typical BI infrastructure, data, extracted from 

operational data sources is transformed and cleansed, 

and subsequently loaded into a data warehouse where 

it can be queried for reporting purposes. ETL — the 

process of Extraction, Transformation and Loading is 
a intervallic process that may involve an extravagant 

and rather established software ecosystem. The 

overall speediness of the processing load is 

determined by how fast the raw data can be read from 

the staging area and written to the target table in the 

database. It is required to stage raw data across as 

many physical disks as possible to guarantee the 

reading of the raw data is not a block during the load. 

 Data Warehouse  

A data warehouse is a database that is considered for 

query and analysis rather than for transaction 
processing. The data warehouse is constructed by 

integrating the data from multiple heterogeneous 

sources. It enables the company or organization to 

consolidate data from several sources and separates 

analysis workload from transaction workload.  Data is 

turned into high superiority information to meet all 

enterprise reporting necessities for all levels of 

users.In this we apply OLAP operations with the data 

after data preprocessing. 

 Reports 

Reporting process is based on visualization. 

Visualization can be defined as gaining insight 

knowledge into an informative space by mapping 

data onto graphical primitives. In the process of 

reporting, it provides with qualitative overview of 

large data sets, search results for patterns, trends, 

structure, irregularities, and relationships among data, 

helps finding interesting regions and suitable 

parameters for further quantitative analysis as well as 

provides visual proof of derived computer 
representations. 

These are the categorization of visualization methods: 

 Pixel-oriented visualization techniques 

 Geometric projection visualization techniques 

 Icon-based visualization techniques 

 Hierarchical visualization techniques 

 Visualizing complex data and relation 

 

III. WHAT BUSINESS INTELLIGENCE IS 

USED FOR? 

 
The application of Business Intelligence and 

Analytics(BI & A) has turned out to be vast and it has 

become an integral part of many domains. The 
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following are some of the domains whereBI has 

become an inseparable part. 
1. Health Care 

2. Clouding 

3. Banking 

4. Higher Education 

5. Retail 

6. Organizations. 

 

Usage of Business Intelligence in Varied Domains 

Business Intelligence can be used in various domain 

such as health care, clouding, banking, higher 

education, retail, organization. It helps in all the 

domain to take strategic decision in their business for 
future enhancement.  

 
Figure 3:Usage of Business intelligence in Varied Domains 

 

1. BI in Health Care 
Most of all healthcare organizations plan to replace or 

buy some new business intelligence systems in the 

forthcoming years, according to studies, reports and 
BI Perception. The major reason behind this decision 

is because the health care industry is at its all-time 

high. The number of people who are taking the health 

insurance and the reliability on such health care 

companies has been drastically improved. This lead 

to a major requirement to implement the business 

intelligence in the field of healthcare. Predictive 

analytics tools can measure patient risk of illness, 

potential costs, analyse clinical data and also can 

guide providers in their billing process.BI tools can 

help healthcare organizations make better financial 
decisions through budget management, tracking 

inventory and supply costs, and monitoring other key 

metrics. Clinical analytics provide hospitals with 

measurements across all functions of an organization, 

from lab test results and the rate of unfilled 

prescriptions to the average wait time in the 

emergency room. This information can inform 

decision making at the operational level in a variety 

of ways. It can help nurses prioritize their care 

activities during a shift, or it can help a public health 

official identify medically underserved 

neighbourhoods. 

 

2. BI in Cloud Computing 

Cloud computing has become a fancy term that has 

been used everywhere in the recent times. A cloud is 

technically a term used for hosted services delivered 

over the internet. A cloud service has three distinct 
characteristics which differentiate it from traditional 

hosting. They are: 

 

 It is sold on demand – typically by the minute or 

the hour. 

 It is elastic in terms of usage – a user can have as 

much or as little of a service as he/she wants at 

any given time. 

 The service is fully managed by the provider – a 

user just needs PC and internet connection. 

 

There are three types of services that are provided by 
cloud computing. They are: 

 

i. Infrastructure as a service (IaaS) – it is like 

amazon web services that provide virtual servers with 

unique IP address and chunks of storage on requests.  

Customers benefit from an application programmable 

interface from which they can control their servers. 

As customers can pay for accurately the amount of 

service they usesimilar for electricity or water, this 

provision is also called utility computing. 

 
ii. Platform as a service(PaaS) – it is a set of 

software and development tools hosted on the 

provider’s servers. Developers can create applications 

using the provider’s APIs. Google apps is one of the 

most famous PaaS providers. 

 

iii. Software as a service(SaaS) – it is the broadest 

market. In this case, the provider allows the customer 

only to use its applications. The software interacts 

with the user through a user interface. 

 

Possible scenarios for Cloud BI 
 Add-on services scenario 

 Tool replacement scenario 

 Solution provision scenario 

 Business network scenario 

 Best-of-breed scenario 

 BI mashup scenario 

 

As Cloud BI is not even in its infancy yet, ongoing 

research activities should focus on further structuring, 

detailing, and evaluating possible scenarios. 

 

3. BI in Banking 

 Banks has invested millions of dollars into 

automating their services and yet they are struggling 

to integrate the end-user applications. By using few 

business intelligence applications the banks can act 

proactively while it is dealing with customer database 

weather it is related to their accounts or some loans to 

be taken by them or the ones that are already been 

taken . Using bi the financial institutions can also 

increase their efficiency in customer care services as 

well. Self-service BI is a new dimension in banking 

BI it collects the set of user profiles slice and dice the 
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information create new profiles with rolls and these 

will reduce the number of reports that has to be 
manually create.                     

 

4. Business Intelligence and Analytics ((BI& A) in 

Higher Education 

BI&A provides opportunities not only for the 

research community, but also for education and 

program development. BI&A is data science in 

business.  Job postings seeking data scientists and 

business analytics specialists abound these days. 

There is a clear shortage of professionals with the 

“deep” knowledge required to manage the three V’s 

of big data:  volume, velocity, and variety [1]. There 
is also an increasing demand for individuals with the 

deep knowledge needed to manage the three 

“perspectives” of business decision making:  

descriptive, predictive, and prescriptive analytics [1]. 

BI&A education in business schools, present the 

challenges facing IS departments, and it provides 

program development opportunities. 

 

 Challenges in Education 

BI&A emphasis on understanding, strategizing, 

interpretation and taking part on further 
organizational development. Several academic 

disciplines have contributed to BI&A, including 

Information Science (IS), Computer Science (CS), 

Statistics, Management, and Marketing.  Information 

Science programs in particular are uniquely 

positioned to train a new generation of scholars and 

students due to their emphasis on key data 

management and information technologies, business-

oriented statistical analysis and management science 

techniques, and broad business discipline exposure 

(e.g., Finance, Accounting, Marketing, and 

Economics) [1, 2]. Recent predictions show that there 
are severe shortages in the number of graduates 

prepared to work in this area. Newlyenhanced model 

curriculum is needed that can properly introduce BI 

and analytics topics into existing curriculum. 

Information Science as an academic course has 

mainly focused on business needs in an era when the 

major challenges involved the management of 

internal business and transaction data. Now-a-days 

these problem remains but the industry has shifted 

into rapid business decision making and data 

analysing based on huge volume of data. In the 
curriculum we should plan to include courses in data 

mining, text mining, opinion mining, social 

media/network analytics, web mining, and predictive 

analytics that are required for marketing and finance 

majors. 

 

BI&A presents a unique opportunity for IS units in 

business schools to position themselves as an 
important option for educating professionals with the 

necessary depth and academic rigor to tackle the 

increased complexity of BI&A issues [1, 8]. 

Information Science programs housed within 

business schools have access to a variety of business 

courses, as well as courses intended to improve 

communication and presentation skills.  It is also 

common for business schools to house management 

science and statistics faculty in the same IS unit[8].  

 

5. BI in Decision Making 

BI revise certain component of Organization theory 
which help for the organization to make strategic 

decision. By creating certain theory, it effects the 

information technology in an organization. Advance 

technology helps to translate, manipulate and exploit 

information in which a digital computer process 

information integral to the decision making[3].  

 

Decision-making in management has always involved 

utilization of different resources related information. 

Recently all the organization are most frequently 

using unstructured and semi structured data. In 
today’s decision making we need to look for many 

information. However, it is the most important 

aspects of decision making. Knowledge provides 

foundation for effective decision making. There are 

many procedures involved in decision making such as 

Procedural knowledge (explaining how to perform 

tasks and follow procedures) should be accompanied 

by declarative knowledge (indicating what has to be 

done), semantic knowledge (depicting relations 

between facts) and casuistic knowledge (that refers to 

some cases from the past) [3]. Tacit knowledge is a 

large part of knowledge in an organization. 
Organizations that are interested to use knowledge in 

decision-making are forced to work out procedures 

that enable them to transform tacit knowledge into 

explicit knowledge. In this situation, organizations 

find it necessary to create repositories of knowledge 

and knowledge management systems, simultaneously 

finding the way to match them with decision support 

systems [3,4]. There are many tools available for 

semantic analysis of data for strategic business 

decision (for example-IBM WATSON). BI tools are 

used to increase productivity and maximizing profit 
in business decision making [3]. These tools are used 

in wider range in both semi structured and 

unstructured data analysis. The system solves all the 

questions. Efforts undertaken to develop BI systems 

have resulted in many business solutions that allow 

for effective support of manager’s work [4]. 
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Figure 4. Business Intelligence Support in Decision Making 

 

Observational studies show that the most significant 

business effects are obtained while using the 

following analyses offered by the BI systems. 

 Analysis that supports cross selling and up 

selling 

 Customer segmentation and profiling 

 Analysis of parameters importance 

 Survival time analysis 

 Analysis of customer loyalty and customer 

switching to competition 

 Credit scoring 

 Fraud detection 

 Logistics optimizations 

 Forecasting of strategic business processes 

development 

 Web mining (analysis and assessment of the 

Internet services performance) 

 Web-farming (analysis of the Internet content) 

 

6. BI in Retail 

It helps for the retail industries to solve many 
business challenges facing in retail industry in day 

today life. There is many business intelligence 

software which analysis the raw data and convert into 

data models and helps the retailer to take strategic 

decision for the business. Retail business has several 

location mangers can take help of business 

intelligence for reporting and analytics to uncover 

patterns in their location’s sales, inventory and 

margins to optimize their process [5]. Area managers 

can compare reports and investigates to make the 

commercial profits to be more successful. 

There have been various research activities carried 
out that address the business potential of sharing data 

across the supply chain – both regarding data in 

general and RFID-based data in particular [5].The 

results suggest that the business impact of attaining 

supply chain transparency can well surpass that of 

harvesting direct operational gains.It is illustrate the 

feasibility of implementing the technology, highlight 

real world business potential, and uncover 

implementation challenges. The combination of BI 

and RFID has been addressed and it show the 

consequences of storing RFID data on transactional 

granularity in data warehouses and deduct approaches 

for handling the resulting data volume [5].  However, 

there is still a lack of research that links RFID data 

collection, BI based data integration and analysis and 

business value [5].  

 

7. BI in Organizations 

The study show that Business Intelligence as the 

procedure of taking large amounts of data, analysing 

that data and presenting a high-level set of reports 

that shorten the essence of that data into the basis of 

business actions, it enables various organizations and 

management to make fundamental daily business 

decisions efficiently [6]. BI results in the 

improvisation of  business performances by providing 

powerful assists for executive decision makers to 

enable them to have actionable information at any 
point of time.BI as the process of collection, 

treatment and distribution of information it facilitates 

an objective, the reduction of uncertainty in the 

making of all strategic decisions. Business 

Intelligence provide access to analyse data and 

information about an enterprise, in order to help the 

entrepreneurs make better informed business 

decisions [6]. 

 

IV. FUTURE PERSPECTIVE OF BI 

 

In this competitive world consumers are demanding 
more efficient and quicker services from business. To 

stay for a long time in this era we must exceed the 

expectation of consumer and use recent technology 

for future development of our business. Business 

intelligence users are beginning to demand real time 

Business Intelligence or near real time analysis 
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relating to their business, particularly in frontline 

operations [7]. They expect up to date and fresh 
information in the same fashion as they monitor stock 

quotes online. 

In coming future, we may use BI to predict the future 

perspective of our product or business. From last two 

years a literature survey, BI has big impact on Big 

Data Market[7]. In this field BI must expand its 

perspective, work with more varied sources of 

information and expand its client base. In the future, 

the capability requirements of Business Intelligence 

will increase in the same way as consumer 

expectations increase. It is consequently striking that 

companies increase at the same pace or even faster to 
stay competitive. Exploring business analyst needs 

right technology, right focus, right culture and top 

management commitment. To name a few, companies 

like IBM, Deloitte, Accenture apply business analyst 

technology for future developments and profitability. 

 

CONCLUSION 

 

In this paper, BI life cycle and applications are 

discussed. BI lifecycle explains how we convert a 

raw data to structured data so that user can 
understand the data, it helps for the user to take 

decision and makes the work easier.  It is used in 

various domain to take the strategic decision and to 

enhance the business in future.BI uses in various 

technology such as Big Data, Data Warehouse. Many 

tools are available in BI any organization can make 

use of such tools to take business decision so that 

they can grow in market and fulfil the user 

expectations from the industry and organization. As 

the customer expectation increases, capability of the 

BI increases. In coming future, it will create an 

opportunity for all organizations and users. It also 
used for educational purposes which helps institute in 

training their students in upcoming new technical 

areas (ex: data scientist, data analyst etc.). It is shown 
that BI has big impact on Big Data market and as 

well,it may result to triple the business in next few 

years. It also uses in banking sector to make the 

service automated for customers. 
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ABSTRACT 

we believe miniaturization is the step forward. This paper gives a brief overview of a gas-turbine, how 

miniaturization of it has a plenty of applications and specifically focuses on the miniaturization of the 

centrifugal compressor used in it. This paper suggests that the centrifugal compressor of an automobile 

turbocharger can be used as the compressor for the miniature gas turbine due to its geometrical similarities and 

also provides an insight into the challenges that might be faced when this is incorporated. It also suggests a few 

modifications, when applied to the turbo-compressor; it may overcome the challenges and the modification 

being introduction of a pre-whirl effect. The pre-whirl effect proves to be efficient as it helps reduce surging, 

turbulence, chocking and shocks that might be induced into the turbo-compressor when it is used in a 

miniature gas turbine due to high speed. Therefore this paper is a step towards miniaturization of the gas 

turbine at a low cost, at the same time uses a high precision manufactured product (turbo-compressor).  

Keywords: Centrifugal Compressor, Gas Turbine, Turbo Charger, Pre-whirl, Miniaturisation, Guide Vanes. 

 
I. INTRODUCTION 

 

Gas turbine which is also known as Jet engine is an internal combustion reaction type engine, which produces a 

fast moving jet, which in-turn provides the thrust. This is known as jet propulsion.  A typical gas turbine is a 

highly technical, geometrically large and a very expensive machine which is engineered, manufactured and 

produced with the highest possible precision techniques. [1] The leading manufacturers of the gas turbines like 

GE, ROLLS ROYCE, PRATT AND WHITNEY etc. concentrate in manufacturing engines for large scale 

applications. Hence research towards small scale applications of gas turbine is often neglected. A miniaturized 

gas turbine finds its applications mainly in militaristic devices such as drones. As there is no proper research 

done in this field, the manufacturing of these mini gas turbines turns out to be an extremely expensive affair. 

The small gas turbines which are made with the required reliability end up being extremely expensive partly 

because they are made in such small numbers and also because their configurations change for each application. 

There are many acceptable configurations of the miniature gas turbines, the most commonly accepted design is 

the use of single stage compressor and turbine, with the compressor being centrifugal in nature. 
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Fig. 1 : Miniature Gas Turbine 

This paper focuses primarily towards the compressors used in gas turbine. 

There are only two types of compressors used in gas turbines [2] 

a) Axial flow compressors: Used in large scale applications. 

b) Radial flow compressors: Used in small scale applications 

 

 

Fig. 1 : Centrifugal Compressor 

These radial flow compressors are also known as centrifugal compressors. This paper is oriented towards 

research on the centrifugal compressor. There are a wide variety of centrifugal compressors that are currently 

used in the market. One such application in which centrifugal compressors are pre-eminently used is the 

turbocharger of automobiles. As this research is focused on miniaturization of gas turbine, it can be taken into 

account that the turbo-compressor is geometrically small and it can also be observed that the characteristics of 

the turbo-compressors were very similar to that of the required compressor at its working range, relative to the 

inlet and outlet requirements. Hence it was theoretically possible by the equation that governs all centrifugal 

compressors that the pressure ratio created by the turbo-compressor is in accordance with the required 

conditions at the working range of the gas turbine.[3] 

The working range of the turbocharger is at a speed range of 60000-120000 rpm at a pressure ratio of 

approximately 3, when this working range is taken in comparison with the working range of a gas turbine, the 

speed range of miniature gas turbine is around 150000-200000 rpm at a pressure ratio of 9. 
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II. CHALLENGES 

 

If this turbo-compressor is to be incorporated into a gas turbine, it is going to run at a speed of 150000-200000 

rpm, therefore the pressure ratio of the turbo-compressor increases automatically. The following are the 

challenges that might be posed due to the increase in the speed and the pressure ratio: 

 The relative velocity between the blades and inlet air is very high, therefore shock maybe induced. 

 Due to the high speeds, turbulence is created, which in-turn creates vibrations, which might lead to 

failures. 

 Since turbo-compressors work at an optimum rpm the output air flow might be less due to pressure 

build up, hence surging might occur. 

 Also if the air flow is too high then chocking might occur.  

 
A. SURGE: To understand surge one needs to know the working principle of the compressor, which is 

imparting kinetic energy to the fluid at the impeller and then sacrificing this kinetic energy at the 

diffuser to increase the static pressure of the fluid and decreasing the kinetic energy of the fluid.[4] If 

maximum head capacity is reached, then pressure in diffuser will be greater than pressure at impeller 

outlet. This will prevent fluid from moving further at impeller outlet and causes the fluid in diffuser to 

flow back, i.e. flow reversal takes place. This can be deteriorating as it has potential to damage the 

bearings and other rotating parts, and also cause high vibrations. 

B. SHOCK: When the relative velocity between the working fluid and blades reach the speed of sound, 

there are characteristic waves produced causing damage to the blades. 

C. CHOKE: It is operating point at minimum flow capacity condition where high velocity air flow causes 

severe damage on the compressor creating instability.[5] 

 

Fig. 2  : Surge and Choke Margin 
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III. OBJECTIVES 

Even though the pressure ratio increases due to the rapid increase in the speed, this pressure ratio cannot be 

sustained due to the above mentioned phenomenon. So this paper suggests the adoption of the below 

mentioned methods in order to sustain the pressure ratio created. 

 Inclusion of inlet guide vanes[6] 

 Diffuser vanes 

 Use of vortex generator  

This paper exclusively deals with the changes that might occur on the account of inclusion of guide vanes at 

inlet of the turbo-compressor. These guide vanes induces pre-whirl. Pre-whirl is the phenomenon of adding a 

circular component to the inlet air. The circular component maybe towards or away from the inlet blade angle 

of the compressor. Pre-whirl reduces the angle of attack and increases the mass flow rate and hence the surging 

is prevented. [7] 

By accommodating the guide vanes with a positive angle of attack, a positive pre-whirl can be generated, which 

in-turn increases the speed of the compressor blades. By accommodating the guide vanes with a negative angle 

of attack, a negative pre-whirl is generated, which in-turn decreases the speed of the compressor blades. If 

surge is detected, a positive angle is given to the inlet guide vanes in-turn increasing the flow rate of air. If 

choke is detected a negative angle of attack is established which in-turn produces a negative pre-whirl this 

reduces chocking. 

IV. METHODOLOGY 

 

In this paper we are considering the use of the automotive turbocharger compressor from GARRETT model 

GT-28. This turbocharger was used in the Nissan skyline GT-R, which was famed for its reliability and its 

excellent performance far beyond its official capacity. It was intended to design a virtual model of a compressor 

according to the geometry and dimensions of the compressor used in the above mentioned automobile 

turbocharger, so that the guide vanes can be designed for the same. 

 
Fig 4: GARRETT Turbocharger 
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Fig 5: CAD Model of GARRETT GT-28 compressor 

Design suggestions for pre-whirl: 

 Inlet guide vanes can either be fixed or variable. Since this particular application deals with the 

working of compressor above the speed at which it was designed to work at, the characteristics may 

abruptly change with little or no variation in the working parameters. This has to be controlled at all 

speeds, hence variability is required. 

 The general blade design of guide vane is of parabolic shape, this brings unwanted components 

into this particular application. Therefore for this application the guide vanes are initially linear and 

have no angle relative to the inlet air direction and later have a parabolic curve for the induction of pre-

whirl.[7][8] 

V. DESIGN OF INLET GUIDE VANES 

 

As mentioned earlier, the angle of attack of the guide vanes determines the nature of the Pre-Whirl effect that 

is imparted to the inlet air. Keeping this in mind the following steps were taken to design the Inlet Guide Vanes. 

 The diameter of the Casing for the Inlet Guide vanes was considered to be the same as that of the 

compressor casing. 

 To begin with, Straight blades were designed. Straight Blades are blades without any curvature with 

respect to the flow. This designed had to be abandoned because it induced unwanted characteristics to 

the Inlet Air 

 Then curved parabolic blades were also designed and were found to be inducing sufficient Pre-whirl 

into the inlet air. 

 Blades which were initially straight in orientation and gradually transformed into parabolic shape with 

respect to the inlet air were found to be the most efficient, because these blades produced better results 

at high velocities compared to just the straight and parabolic ones. 

 The blades were designed according to the nature of the whirl required at a particular distance from the 

blade. Since the radial velocity increases linearly along the radius of the blade, the same thing was 
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incorporated into designing the pre-whirl also the angle of the blade has been increased from root to 

the tip linearly. 

 To give perspective into this design, A 30 degree blade will have a root angle of 15 degree at the 

impeller and an angle of 45 degree at the tip (casing). This design was adopted to give more whirl at the 

points on the blades which have higher velocity.    

The following steps are to be done. 

 Simulate the working of turbo-compressor at working speed of gas turbine with and without 

pre-whirl using Ansys Fluent. 

 Give the working parameters, speed of blade, flow conditions, boundary conditions to the 

virtual assembly. 

 Simulate the virtual assembly at all speeds and angles of attack and plot for each.  

 Suggest the best guide vane angle at a given speed. 

 

VI. CONCLUSIONS 

The project team has  designed a turbo-compressor similar to the geometry of the turbocharger mentioned 

in the paper (GARRETT GT-28).  After testing the different blade profiles for this particular high velocity 

application. Following were the results obtained 

 Straight blades: At low velocity there was low pressure area situated behind the active part of the blade.  

And at high velocities the blade produced whirls which had negative effect.  

 Parabolic blades: At low velocity they worked as intended. But at high velocity whirls were created right 

behind blades at terminal end of the blade.  

 Mixed Profile blades: They work efficiently at all flow velocities.  
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ABSTRACT 

 
Wrought Aluminum alloy 6063-O fingers of size 8 mm dia and 50 mm length were machined from 12 mm 

dia rods and cast Aluminum alloy A 356.0 rods of 12 mm dia  were melted and cast in permanent cast iron 

moulds and later machined to 8 mm dia and 50 mm length fingers. Two types of cast samples were prepared 

namely the as-cast and T6 tempered conditions. Dry sliding 3 body abrasive wear behavior of these 

materials under low stress conditions with applied load from 1N to 3 N has been investigated using a 

specially designed pin on disc wear tester at a fixed sliding speed of 1.3 m/s. SiC emery paper of grit 220 was 

pasted on the steel counter face and made to run against the fixed pin made of the Aluminum alloy. The 

wear mass loss was measured for various test conditions and wear factor calculated and plotted. The wear 

mechanisms were identified and the wear scars viewed through the optical microscope and inferences 

drawn. The wear rate was found to decrease when the sliding distance and the applied load was increased. 

The results revealed that severe wear occurred, the wear factor being in the range 10-3 to 10-5 mg/Nm, in 

spite of the low stress applied. The wear behavior was correlated to the test conditions and the properties of 

the materials used. The study pertains to IC engines, valves, brakes, material handling equipment, bearings, 

electromechanical and MEMS devices   to name a few. 

Keywords: Low stress abrasion, three body abrasion, wears mechanisms; wear scar microstructures, wear 

factor, MML (Mechanically mixed layer). 

I. INTRODUCTION 

 

Wear may be defined (Budinski and Budinski, 2005) as the surface damage or removal of material from one 

or both of two solid surfaces in a sliding, rolling or impact motion to one another as a result of mechanical 

action. The wear phenomenon can occur due to adhesion, abrasion, surface fatigue or tribochemical 

reaction. In addition, many studies reveal that the wear situation comprising of the materials under 

consideration, its shape, weight, applied load, test duration and  environment conditions, affect the wear 

rate and the wear mechanisms. Wear is a serious problem in many engineering applications, especially 

moving parts like bearings and engine parts. There is also an increasing demand for light weight materials 

with good wear resistance in the automotive and aerospace sectors (Gui et al. 2000). 

Aluminum alloys exhibit mild to severe wear. A transition from mild to severe wear depends on the applied 

load and the sliding speed during dry sliding wear (Zhang and Alpas, 1997). When the wear is severe, 

ductile materials such as Aluminum alloys experience substantial surface plastic deformation at the surface 

(Dautzenberg and Zaat, 1973, Perrin and Rainforth, 1997, Singh and Alpas, 1996). 
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The investigation of Horn & Zeigler (1983) showed that pure Aluminum, non-heat treatable alloys and cast 

Al-Si alloys have poor dry abrasive wear resistance and that cold work does not cause a significant 

improvement. Heat treatable wrought alloys and cast alloys aged to optimum hardness showed improved 

performance. The work of Rao & Sekhar (1986) concluded that the wear rate of a range of Aluminum alloys 

did not decrease with the increase of their Vicker’s Hardness. It has also been stated that friction is inversely 

proportional to hardness ( Drozdov and Archegov ,1981). It is still not clear despite many studies which Al 

alloy would offer the best wear performance and whether a precipitation hardened matrix would be 

optimum, or whether a work hardened characteristic would be important  (Ghazali et al., 2007).This applies 

to Al MMC’s ( Metal matrix composites) also. Therefore this paper attempts to study the wear behavior of 
cast Al A 356.0 in the as-cast and T6 tempered condition and compared to the wear performance of wrought 

Al alloy 6063-O, in the annealed stage. Both the alloys are Magnesium Silicon alloys, with the 6063 alloy, 

being a popular aerospace material and the cast alloy A 356.0 used for applications like machine tool parts, 

aircraft wheels, pump parts, valve bodies, cylinder heads and engine blocks.  

 

As already stated the wear situation plays a major role in the wear behaviour of any material and in this 

study the counterface of steel is pasted with SiC 220 grit emery paper with 75 micron size irregular shaped 

abrasives. The pin being Al alloy, the wear rate would be severe in nature and hence lower applied loads 1N 

to 3 N have been applied. The wear situation is expected to be more aggressive than   the adhesive wear 

situation, studied by many authors. Wear studies have been conducted earlier at the Meso, Micro and Nano 

scales for MEM’S devices, with applied loads ranging from a few nN to 100 mN   (Le, et al., 2008). Adhesive 

wear studies involved higher applied loads up to 50 N.Very little work has been conducted on low stress 

abrasion and sliding and fretting wear, and this pertains to coatings. Little or no work has been carried out 

in the load range 1N to 3 N for bulk materials or coatings, with the wear situation described. 

 

II. EXPERIMENTAL WORK 

 

2.1 Apparatus  

The experimental test fixture is shown in Figure 1, which is a pin on disc tribometer.Here the flat pin of size 

8 mm x 50 mm length is loaded precisely with weights of 1N, 2 N and 3 N. The wear loss of the test material 

is calculated from the mass loss during the test. The test conditions like load applied, sliding speed and 

distance simulate the real life situations of many practical wear applications. The set-up has been specially 

designed and fabricated to test with low load applications. 
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Figure 1. Pin on disc wear test apparatus 

 

2.2 Test conditions 

The test pins are made of Al 6063-O wrought alloy and cast Al A 356.0 in the as-cast and T6 treated 

conditions, of size machined to 8 mm dia x 50 mm length. The counter face is made of EN-8 steel with SiC 

220 grit emery sheet pasted on it. The size of SiC particles is 75 microns with irregular particle shape. The 

emery sheets are replaced after the test duration of 7 minutes. The diameter of the disc is 60 mm and 

thickness 15 mm.The test conditions for testing were sliding speed of 1.3 m/s, applied loads 1N, 2N and 3N 

and the sliding distances of 82 m, to 574 m in steps of 82 m. Prior to testing, test samples were polished with 

emery paper and cleaned in acetone, dried and then weighed using an electronic balance having a resolution 

of 0.1 mg. After each test, the specimens were removed, cleaned in acetone and weighed in a similar 

fashion. At each load the mass loss from the surface of the specimens were determined as a function of the 

applied load and the sliding distance. Confirmation tests were also conducted to establish the values. 

Additional information pertaining to the wear situation is detailed below (Raymond) in Table-1.  

Table 1. The wear situation 
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Parameter Description 

No. of bodies 3 body( the abrasive particles are constrained by a counter face and trapped 

between the two independent bodies) 

Stress level Low stress up to 0.019 MPa to 0.059 MPa  

Presence of fluid Dry abrasion 

Relative hardness of 

particles to surface 

Surface softer than particles 

Motion Sliding unidirectional high speed ( 1300 rpm) 

Contact geometry Circular area in surface contact 

Test environment 25 C, 50% RH 

Materials Dissimilar 

 

The wear factor (K) in mg/Nm is calculated as per the following formula: 

K= LNW  , where W is the wear mass loss in ‘mg’, L is the sliding distance in ‘m’, and N is the applied load 
in ‘N’. 
2.3 Materials 

The composition and properties of Al 6063-O and Al cast A 356.0 are shown in Tables 2 to 4 and the 

counter face characteristics are detailed below (Elwin ).    

Counter face: SiC fine emery sheet of grit 220, particle size 75 microns, irregular shape. SiC has a hardness of 

2800 kg/mm2 and compressive strength of 3900 MPa. 

Table 2. Composition of Al 6063 –O (annealed). 

 

Si Fe Cu Mn Mg Cr Zn Ti Others Al 

 

.20 to 

.60 

.35 .1 .10 .45 to 

.90 

.1 .1 .10 .15 rest 

 

Table 3. Composition of cast Al A 356.0 

Si Fe Cu Mn Mg Ni Zn Ti Others Al 

 

6.5-7.5 .2 .2 .10 .25 to 

.45 

Nil .1 .20 .05 rest 

 

 

Table 4. Properties of wrought Al 6063-O and cast Al A 356.0 
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Sl.no. Property description Al 6063-O Al A 356.0 

1 Melting point ,  °C 600 650 

2 Density, g/cc 2.68 2.67 

3 Thermal Expansion Coefficient ,10-6 °C  23.4 21.4 

4 Thermal Conductivity at 20 °C, W/mK 200 167 

5 Specific Heat KJ/kgK 0.91 0.963 

6 Elastic modulus GPa 70 72.4 

7 Hardness HB 25 42 (soft) 

63 (T6)  

8 UTS ( Ultimate tensile strength)  MPa @ R.T. 131 234 

9 Poisson’s ratio,  ‘υ’ 0.33 0.33 

 

2.4 Metallographic observation: Specimens for the metallographic observations were prepared by standard 

polishing techniques. The microstructure of the specimens were investigated by means of optical 

microscopy model Censico with a magnification of 200 X. Keller’s reagent with composition, 194 ml 
distilled water, 5 ml Nitric acid, 3 ml HCl and 2 ml Hydrofluoric acid was used as the etching reagent. The 

wear scars of the worn surfaces were similarly prepared and observed. The specimens were run for duration 

of 3 minutes for the various applied loads before polishing. 

 

III. RESULTS AND DISCUSSION 

The results of the wear loss measured are plotted in the graphs shown in Figure 2.                     

Figure-3 shows the wear factor against sliding distance curves at the applied load range of 1 to 3 N.                      

Figure - 4 shows the microstructures of the materials.  

Figure – 5 to 7 shows the wear scars of the material. 
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WEAR RESULTS OF  AL 6063-O
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WEAR LOSS  AL CAST A 356.0 ( SOFT)
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WEAR LOSS OF  AL CAST A 356.0 ( T6 TEMPERED)
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Figure 2. Wear loss in grams as a function of sliding distance and applied load 

 



CSEIT184528 | Published - 14 April 2018 | March-April-2018 [ (4 ) 5 : 229-241] 

 

International Conference on New Horizons in Science Engineering Technology (NHSET-2018) 

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2018 IJSRCSEIT | Volume 4 | Issue 5 | ISSN : 2456-3307 

 
 

235 

Wear results of  Al 6063-O
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Wear results of  Al cast A 356.0 ( soft)
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Wear results of  Al cast A 356.0 (T 6 tempered)
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Figure 3. Wear factor in 10-3 mg/Nm as a function of sliding distance and applied load 

 

 

 

 

 

 

 

 



CSEIT184528 | Published - 14 April 2018 | March-April-2018 [ (4 ) 5 : 229-241] 

 

International Conference on New Horizons in Science Engineering Technology (NHSET-2018) 

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2018 IJSRCSEIT | Volume 4 | Issue 5 | ISSN : 2456-3307 

 
 

236 

 

 

                          
 

           a) Al 6063-O                       b) Al cast A 356.0 as-cast              c) Al cast A 356.0 T6   

          treated 

Figure 4: Microstructures of the test specimens run for 246m sliding distance and 3 N applied load 

The microstructure is typical of Aluminum alloy with small particles of Silicon and Magnesium in 

Aluminum solid solution. 

                      
 

a) Al 6063 (1N load)                      b) Al 6063 (2N load)           c) Al 6063 (3N load)   

 

Figure 5. Wear scars of Al 6063-O for various applied loads 

The wear scars show a plowing and grooving action due to low hardness and flow stress of the material. The 

wear rate is high though the MML is present. The dark patches are that of SiC. 
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         a) Al A 356/0                                 b)  Al A 356/0                                  c) Al A 356/0                           

          As-cast (1N load)                          As-cast (2N load)                       As-cast (3N load)                 

    

Figure 6. wear scars of cast Al A 356.0 for various applied loads 

The higher hardness and higher flow stress values lead to cutting and fragmentation and lower ploughing 

and also due the presence of the MML the wear rate is lower. Dark patches of SiC are seen. 

                          
 

a)  Al A 356.0  T 6 treated                    b) Al A 356.0 T 6 treated                    c) Al A 356.0 

             (1 N load)                                         (2 N load)                               T 6 treated (3 N load) 

     

Figure 7. Wear scars of cast Al A 356.0 T 6 treated, for various applied loads 

 

The wear scars are polished and wear mechanism is mainly due to fragmentation and less ploughing due to 

the MML Wear rate is lower. Dark patches of SiC are seen.  

3.1Properties of materials and wear conditions correlated to wear behavior (Raymond): 

1. The wear rate depends on the hardness of the specimens, as the depth of indentation for a given load by 

the abrasive particle is a function of the hardness of the material. The results show ploughing wear 

mechanism in the case of Al 6063-O with deeper grooves when compared to cast Al A 356.0 in the 

tempered condition. Higher the hardness, lower the ductility resulting in a change in the abrasion 

mechanism from predominantly plowing/cutting to fragmentation. 
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2. Wrought Al being more ductile than cast Al, plowing takes place and the probability of wear debris 

formation is high which get embedded in the grooves and also the proportion of ploughing will be more 

than cracking or fragmentation. 

3. As the Contact pressure increases, the wear rate increases. 

4. The contact conditions of velocity and impingement angle of the abrasive plays a major role in the wear 

rate. Higher the sliding velocity, higher will be the wear rate. In this study the sliding velocity has been 

kept constant. The impingement angle is 0° in this study and hence a lower wear rate. 

5. The abrasive particle characteristics like size and hardness ratio of wear material and the abrasive are 

important parameters. Higher the abrasive size, the greater will be the wear rate. Lower the H/Ha, as in the 

case of 6063 Al, plastic deformation takes place as in this study. 

6. The microstructure plays a major role in the wear rate of the materials. In the T 6 treated condition the 

microstructure is more homogenous and hence the wear rates are lower. 

7. For materials of equivalent hardness, the plastic flow behavior depends on the E/σy ratio. Higher the ratio 

more will be the plowing action. Flow stress σy for Al 6063-O is lower and E/σy is higher and hence a 

ploughing action results. E/σy is lower for the case of Cast Al.Cutting and microchips formed in this case. 

 

3.2 Discussion of the wear loss and the wear factor results.  

1. The wear loss increases as the sliding distance is increased for all the load conditions and materials. 

2. The wear loss of Al 6063 is more than the cast alloy 356.0 for all load conditions and sliding distances. 

3. In the case of Al 6063, the wear loss for the applied load of 2 N is lower for all the sliding distances, which 

is due to the mechanically mixed layer of SiC and Aluminum formed with a higher load bearing capacity. 

Refer the wear scar microstructure. The dark areas are that of SiC in white patches of Al.  

4. In the case of Al cast 356.0, both in as cast and T6 tempered conditions, for the applied load of 1N the 

wear loss is more than for other loads. Al specimens in T 6 condition fared better than the soft specimens. 

5. The experiments were not conducted for higher loads as the trend was similar. 

6. The tests were discontinued after a sliding distance of 574 m as the wear loss stabilized. 

7. The wear loss is lower for higher applied loads, due to the MML formation. 

8. The wear factor decreases for all the applied loads and increasing sliding distances for the materials 

considered. 

9. The wear factor for the 2N and 3 N applied loads is lower than the wear factor for 1 N load, which shows 

the better wear performance of the materials at higher applied loads. 

10. The wear factor is the highest for the Al 6063 alloy and the lowest for the Cast Al 356.0 T6 tempered 

condition revealing the better performance of the cast alloy in the heat treated condition. 

11. The morphology of the wear scars of 6063 –O Al and cast A 356.0 Al, for the applied loads of 1N to 3N, 

sliding speed of 1.3 m/s and sliding distance of 246 m are shown in the figures. 

For 1 N load, 6063 Al exhibited a rough wear surface with deeper grooves, with the major wear 

mechanism being ploughing (plastic deformation due to higher ductility).Similarly for the cast specimens, 

the scars are rough due to cutting/fragmentation. The microstructure is less rough and seen as polished due 
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to the mechanically mixed layer formation comprising of Al and SiC phases in the case of 2N and 3 N loads 

for Al 6063 and Al 356.0 cast specimens. The mechanism is a combination of micro cutting and 

ploughing.The mechanically mixed layer has a higher load bearing capacity and hence the lower wear rates. 

Li and Tandon, (2000) state that the MML played a vital role in dry sliding wear in the range of loads.  

12. In general, the wear loss of the materials increases linearly with increasing sliding distance and applied 

load, but the wear rate decreased with increasing sliding distance since wear rate is the ratio of wear mass to 

sliding distance in a certain wear condition. 

 

IV. CONCLUSIONS 

 

1. Wear rate of any material depends on the hardness of the material and its ductility. Cast Al A 356.0 T6 

treated showed a better wear performance than Al A 356.0 in the as cast condition and Wrought Al alloy 

6063-O in the annealed condition. 

2. The wear performance of the materials selected showed a better result for higher loads applied due to the 

formation of a mechanically mixed layer with a higher load carrying capacity. This is applicable for the low 

stress range and the sliding distances selected and also for the wear situation described. 

3. The wear loss increases as a function of sliding distance and applied load initially and then flattens for the 

materials tested. 

4. In this study, the wear is found to be severe in all cases; though it is better in the case of heat treated cast 

alloys. The wear rate being in the range 10-2  to 10-5  mg/Nm falls in the regime of severe wear. Critical load 

is the applied load when the transition from mild to severe wear takes place. In this study, for the wear 

situation considered 1 N may be considered well above the critical load. 

5. Though applied stresses are lower, the wear situation, especially the abrasive grain size of 75 microns of 

SiC, has contributed for the severe wear. 
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ABSTRACT 

 

The study deals with the evaluation of tensile properties of eutectic, hypereutectic and super 

eutectic aluminium alloy under various heat treated conditions. Pistons are produced from cast or 

forged, high-temperature resistant aluminium silicon alloys. There are three basic types of 

aluminium piston alloys. The standard piston alloy is a eutectic Al-12%Si alloy containing in 

addition approx. 1% each of Cu, Ni and Mg. Special eutectic alloys are also evaluated for improved 

strength at high temperatures. Hypereutectic alloys with 18 and 24% Si provide lower thermal 

expansion and wear, but have lower strength. The tensile and impact properties are evaluated for 

all the conditions of eutectic, hypereutectic and special eutectic aluminium alloys. The 

experimentation is carried on a bench tensometer and on Izod and Charpy Impact testing 

machine. The properties are evaluated for various heat treated conditions like operating 

temperature, quenching conditions, annealing conditions. It is concluded that based on the 

impact and tensile properties, type of material can be selected as the piston material. 

Keywords : Eutectic, Hypereutectic and Special Eutectic Al Alloy, Heat treated, Wear properties

 

INTRODUCTION 

 

Pistons are produced from cast or forged, high-temperature resistant aluminium silicon alloys. 

There are three basic types of aluminium piston alloys. The standard piston alloy is a eutectic Al-

12%Si alloy containing in addition approx. 1% each of Cu, Ni and Mg. Special eutectic alloys have 

been developed for improved strength at high temperatures. Hypereutectic alloys with 18 and 

24% Si provide lower thermal expansion and wear, but have lower strength (see tabled property 

data on the following pages). In practice, the supplier of aluminium pistons use a wide range of 

further optimized alloy compositions, but generally based on these basic alloy types. The majority 

of pistons are produced by gravity die casting. Optimized alloy compositions and a properly 

controlled solidification conditions allow the production of pistons with low weight and high 

structural strength. Forged pistons from eutectic and hypereutectic alloys exhibit higher strength 

and are used in high performance engines where the pistons are subject to even high stresses. 

Forged pistons have a finer microstructure than cast pistons with the same alloy composition. The 

production process results in greater strength in the lower temperature range. A further 

advantage is the possibility to produce lower wall thicknesses - and hence reducing the piston 

weight. Also aluminium metal matrix composite materials are used in special cases. Pistons with 
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Al2O3 fibre reinforced bottoms are produced by squeeze casting and used mainly in direct 

injection diesel engines. The main advantage, apart from a general improvement of the 

mechanical properties, is an improvement of the wear behaviour [5].  

 

Depending on the silicon concentration in the alloy and the cooling conditions, the structure of 

the casting will essentially comprise mixtures of aluminium grains, silicon crystals and aluminium 

silicon eutectic as well as various intermetallic phases formed from other alloying additions 

(Mg2Si, CuAl2).  The aluminium grains can grow very large however, under slow cooling 

conditions, such as in sand castings or heavy sections, and this can lead to poor casting and 

mechanical properties. 

 

The system Al-Si alloy 

 

Among commercial aluminium casting alloys those with silicon as the major alloying element are 

the most important, mainly because of their excellent casting characteristics. Additions of Si to 

pure aluminium impart high fluidity, good feeding characteristics, low shrinkage and good hot 

cracking resistance [1]. The properties of aluminium-silicon alloys make them very popular in 

various applications including the automotive, aerospace and defence industries. The high 

strength to weight ratio is one of their most interesting characteristics [2].  

 

As the density of Si is 2.3 g/cm3, it is one of the few elements which may be added to aluminium 

(2.7 g/cm3) without loss of weight advantage [3]. Aluminium-silicon alloys that do not contain 

copper additions are used when good cast ability and good corrosion resistance are needed. 

Magnesium can act as a substitute for copper. Magnesium and silicon can form the intermetallic 

hardening phase Mg2Si which precipitates in the α-aluminium matrix and increases the yield 

strength [4]. 

 
Fig.1-Equilibrium binary Al-Si phase diagram 

Wear is related to interactions between surfaces and more specifically the removal and 

deformation of material on a surface as a result of mechanical action of the opposite surface. The 

need for relative motion between two surfaces and initial mechanical contact between asperities 
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is an important distinction between mechanical wear compared to other processes with similar 

out come [5]. 

Additionally, most modern pistons contain a large amount of silicon. Silicon is added to the 

aluminum because the resulting alloy is more resistant to wear and expansion than an alloy that 

doesn't contain silicon. 

Heat Treatment is often associated with increasing the strength of material, but it can also be used 

to alter certain manufacturability objectives such as improve machining, improve formability, 

restore ductility after a cold working operation. Thus it is a very enabling manufacturing process 

that can not only help other manufacturing process, but can also improve product performance by 

increasing strength or other desirable characteristics. [6][7] 

The specific amount of silicon added to the aluminum ranges from 9-18%. At percentages below 

12%, whatever silicon that is added to the aluminum dissolves into the solution. Once you reach 

12% (or thereabouts), the aluminum alloy become saturated with silicon. This specific point is 

called the saturation point, and any silicon added after the saturation point will not dissolve in the 

finally aluminum alloy [8]. Instead, this excess silicon will form a hard precipitate that remains 

separate from the aluminum. 

An aluminum alloy that is sutured with silicon is known as "eutectic." When the alloy contains 

silicon at a percentage that is less than saturated, it's called "hypoeutectic." When the alloy 

contains more silicon that then saturation limit, it's called "hypereutectic." 

The characteristics of pistons in each of these categories are very distinct. Hypereutectic alloys are 

stronger, resist scuffing and seizure, and reduce groove wear and cracking of the crown at 

extremely high temperatures. They're also very resistant to expansion, because the high 

percentage of silicon essentially "insulates" the piston from the effects of heat. 

Hypereutectic designs also allow for decreased distance between ring grooves, which improve the 

"seal" between the rings and the cylinder wall and improves efficiency. Finally, because 

hypereutectic pistons don't expand or contract, they're ideal for modern engines with tight 

clearance requirements. Generally speaking, modern engines use pistons made from a 

hypereutectic aluminum alloy. 

If there is a downsides to hypereutectic pistons, it's that they're brittle compared to forged 

pistons. Therefore, forged pistons are more forgiving of extreme conditions (like those found in a 

race car), and they give you a greater margin of error when dealing with timing problems, as 

detonation is less likely to destroy a forged piston than a hypereutectic cast piston. 

Table 1 shows the mechanical properties of piston alloys at various temperatures and table 2 

shows the physical properties of piston alloys [9]. 
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Table-1 Mechanical properties of piston alloys 
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Table-2 Mechanical properties of piston alloys 

 
 

EXPERIMENTAL DETAILS 

 

Tensile Test 

 

A tensile test also known as tension test is the fundamental type of mechanical test that can be 

performed on material [18]. The specimen is subjected to a continuously increasing tensile force 

while simultaneous observation is made on the elongation of the specimen. The maximum 

conventional stress that can be sustained by a material is called tensile strength. 

 

The test was conducted on the Bench Tensometer. A Tensometer is a device used to evaluate the 

Young’s modulus (How much it stretches under strain) of a material and other properties of 

materials, such as tensile strength [12]. It is loaded with a sample between 2 grips that are either 

adjusted manually or automatically to apply force to the specimen. The machine works either by 

driving a screw or by hydraulic ram. The latter have the great advantage of being able to create 

much more complex loading patterns, such as the cyclical loads needed for measurement of 

fatigue strength. Figure 2 shows the bench Tensometer. The tensile specimen is as shown in figure 

3. 
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Fig.2 Bench Tensometer 

11 10 10 11

32

26

 
Fig.3 Tensile specimen 

Impact Test 

Impact test is a standardized high strain rate test which determines the amount of energy 

absorbed by a material during fracture. The absorbed energy is a measure of a given material 

toughness and acts as a tool to study temperature depended brittle-ductile transition. It is widely 

applied in industry, since it is easy to prepare and conduct, and hence results can be obtained 

quickly and cheaply. But the major disadvantage is that all results are only comparative.  

Impact resistance is one of the most important properties for a part designer to consider, and 

without question, and the most difficult to quantify. The impact resistance of a part is into many 

applications, a critical measure of a service life.  

 

 

Types of impact tests 

The two basic impact tests are: 

1. Izod (Cantilever) Test 

2. Charpy (Beam) Test 

Izod (Cantilever) Test 

Izod impact strength testing is an ASTM standard method of determining impact strength. A 

notched sample is generally used to determine impact strength. Izod test specimens vary 

depending on the type of material being tested. Metallic samples tend to be square in cross 

section, while polymeric test specimens are often rectangular, being struck parallel to the long 

axis of the rectangular [7]. Izod test sample usually have a V-notch cut into them, although 

specimens with no notch is also used on occasions. 
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Charpy (Beam) Test 

The charpy test is also known as charpy V-notchtes, is standard high strain rate test which 

determines the amount of energy absorbed by a material during fracture. This absorbed energy is 

a measure of given material’s toughness and acts a tool to study temperature -dependent brittle- 

ductile transition. It is widely applied in industry, since it is to prepare and conduct and results 

can be obtained quickly and cheaply. But a major disadvantage s that all results are only 

comparative. 

The test was developed in 1905 by the French scientist Georges Charpy. It was pivotal in 

understanding the fracture problem of ship during the Second World War. It is used in many 

industries for testing and building construction materials used in the construction of pressure 

vessels bridges and to see how storms will affect materials used in buildings. Figure 4shows the 

Charpy Impact tester. Figure 5 shows the impact specimen.  

The specimens of the required dimensions are prepared as per ASTM standards and a V-notch is 

made in the center. The specimen is placed on the Charpy impact tester. The pendulum is made 

to fall from the required height and the specimen is fractured. The angle of pendulum travel is 

noted down. The impact strength is calculated.  

 
Fig.4 Charpy Impact tester 

 
Fig.5 Impact specimen 
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RESULTS AND DISCUSSION 

The tensile test is carried out on a bench Tensometer. The specimens are loaded onto the 

Tensometer. Firstly the elongation gauge used to measure the percentage elongation was set 

according to the gauge length of the specimen. 

 

Before pulling the test piece, it is laid in the cradle, the pivoted arm is moved to the left slide 

before the arm reading is zero. The left slide is then locked. 

 

The specimen is held using specified shackles and the test is conducted until failure of the 

specimen. The load reading is noted down from the scale. Figure 6 shows the graph of ultimate 

tensile strength. Table 3 shows the UTS values. As the solution temperature is increased above the 

saturated solution temperature, the material losses its ductility, hence the UTS values decreases as 

the temperature variation is carried out and also decreases as aging time is varied and also same as 

in the case of quenchant variation.  

 

Table 3 The Ultimate Tensile Strength 

 

Variations UTS (MPa) 

A 75.8 

H1 237.9 

H2 214.3 

H3 186.3 

G1 222.3 

G2 192.2 

G3 217.3 

J1 187.9 

J2 171.7 

J3 89.4 
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Fig.6 Graph of ultimate tensile strength of AA 7075 alloy 

 

The impact test was carried out using Charpy Test. The pendulum is lifted to its upper position, 

and the pointer is made to touch the pendulum. The initial reading is set to zero. The specimen is 

mounted on the anvil using the template with the notch facing away from the striker edge of the 

pendulum. The specimen is fractured by the releasing of pendulum. Table 4 shows the values of 

fracture energy and impact strength. 

 

Length of the pendulum – r- 0.825ms 

Angle of fall - α- 160° 

Weight of the pendulum - w- 91.875N 

Impact velocity – sqrt (2*g*r (1- cos (160))) - 6.169m/s    

Area – 96mm2  

Table 4 The values of fracture energy and impact strength 

Variations Angle of rise, β° Fracture energy, U=w*r 

(cosβ-cosα) N-ms 

Impact strength, K=U/A 

A 126 26.67 48.84E3 

H1 118.3 35.29 64.63E3 

H2 115 39.19 71.77E3 

H3 123.3 29.61 54.23E3 

G1 126.3 26.35 48.26E3 

G2 125 27.75 50.82E3 

G3 124 28.84 52.82E3 

J1 127 25.61 46.90E3 

J2 125 27.75 50.82E3 

J3 123.3 29.61 54.23E3 
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As the solution temperature is increased above the saturated solution temperature, the material 

losses its ductility, hence the impact strength values decreases as the temperature variation is 

carried out and increases as the aging time is varied and also same as in the case of quenchant 

variation.  

Figure 7 shows the graph of impact strength of AA 7075 alloy. 
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Fig.7 Graph of impact strength of AA 7075 alloy 
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Section 1

INTRODUCTION

1.1   PREAM BLE

New Horizon College of Engineering, Bangalore (hereafter referred to as 'NHCE') is an 

academic Inst itute dedicated to excellence in teaching and research.    Its act ivit ies, 

centred on faculty/ students/ / project  staff/  support ing staff/ visitors are based on 

knowledge and intellectual exercise.  In the era of technology dominat ion, where 

values and percept ions change at  brisk pace, Indian Inst itutes of Technology, in 

part icular, have to preserve the fundamental spirit  of academics on one hand and 

have to march ahead, on the other, accept ing changing realit ies of business economy 

based on  knowledge generated, protected and disseminated under the intellectual 

property regime.  In the evolving scenario of the world today, with increasing 

awareness of the 'knowledge asset ', an Intellectual Property Rights (IPR) Policy is 

needed not  only to preserve the interest  of NHCE but  also to make NHCE 

faculty/ students/  project  staff/  support ing staff/  visitors aware of 'knowledge asset  

and its impact  on the society'.  

The present  policy facilitates protect ion of    the right  of the Inventor(s) of NHCE i.e. 

faculty/ students/  project  staff/  support ing staff / visitors of NHCE    through the 

opt ion of Intellectual property protect ion on a novel work or to keep it  in public 

domain as they may deem fit . In alignment  with the Vision and M ission of NHCE, the 

policy favours out reach of the novel technologies developed at  NHCE. At  the same 

t ime, it  mot ivates the faculty, students and researchers of NHCE to init iate 

technology t ransfer using the intellectual property rights gained over a novel 

technology.  

In today's knowledge based economy, bio-based sectors are fast  emerging and are 

also being promoted by NHCE. The present  policy intends to take into considerat ion 

the sustainable use of biological diversity by NHCE faculty/ students / project  staff/  

support ing staff, its conservat ion, deposit ion of biological samples and use of natural 

resource based t radit ional knowledge as per the Indian statutory IP regime.

1.2   PURPOSE

The material put  forward in this document  relates to an IPR policy (and related 

administ rat ive procedures) with the object ive that :

a) It  enables NHCE to discharge its primary responsibility of fostering, 

st imulat ing and encouraging creat ive act ivit ies in the area of science and 

technology in the widest  sense;
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b) It  lays dow n t he norms to protect  t he legit imate interest  of  

faculty/ students/  project  staff/  support ing staff / visitors of NHCE and the 

society in a rat ional manner consistent  with the 'commitment ' of NHCE and 

'role' assigned to it  by the society.

c) It  provides a t ransparent  administ rat ive system for the ownership, control 

and t ransfer of the intellectual property created and owned by the Inst itute;  

d) It  shares a global percept ion of pract ices related to intellectual property 

retaining nat ional ident ity and local const raints, avoiding as far as possible 

'conflict ' of opposing interests,

e) It  keeps into considerat ion the sustainable use of bio-resources and 

conservat ion of biodiversity.

f) The policy promotes fair use of t radit ional knowledge while recognizing 

local t radit ional knowledge stakeholders and benefit  sharing.   

1.3   TYPES OF IP

The intellectual propert ies can be broadly listed as:

a) Patents

b) Copyrights

c) Trade/ Service marks

d) Industrial designs

e) IC layout  designs  

f) New plant  variety and Biotechnology invent ions

g) Tradit ional knowledge and Geographical Indicat ions

1.4  DEFINITIONS

These intellectual propert ies can be illust rat ively defined as:- 

a) Patent- is an exclusive right  granted for an invent ion, which is a product  or a 

process that  provides a new way of doing something, or offers a new 

technical solut ion to a problem.

b) Copyright- is an exclusive right  given to the author of the original literary, 

architectural, dramat ic, musical and art ist ic works; cinematograph films; 

and sound recordings.

c) Trade/ Service M ark- means a mark capable of being represented 
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graphically and which is capable of dist inguishing the goods or services of 

one person from those of others and may include shape of goods, their 

packaging and combinat ion of colours.

d) Industrial Design- means only the features of shape, configurat ion, pattern, 

ornament  or composit ion of lines or colours applied to any art icle whether 

in two dimensional or three dimensional or in both forms, by any industrial 

process or means, whether manual, mechanical or chemical, separate or 

combined, which in the finished art icle appeal to and are judged solely by 

the eye; but  does not  include any mode or principle of const ruct ion or 

anything which is in substance a mere mechanical device.

e) IC Layout Designs - means a layout  of t ransistors and other circuit ry 

elements and includes lead wires connect ing such elements and expressed 

in any manner in a semiconductor integrated circuit .

f) New Plant Variety- a plant  variety that  is novel, dist inct  and shows uniform 

and stable characterist ics.

g) Biotechnology Invent ions- include recombinant  products such as vectors, 

nucleot ide sequences, micro-organisms.

h) Traditional Knowledge- The knowledge developed by the indigenous or 

local communit ies for the use of a natural resource with respect  to 

agriculture, food, medicine etc. over a period of t ime and has been passed 

from one generat ion to another t radit ionally.  

i) Geographical Indications- means an indicat ion which ident ify such goods 

as agricultural goods, natural goods    as originat ing or manufactured in the 

territory of a country or manufactured in the territory of a country or a 

region or locality in that  territory where a given quality, reputat ion or other    

characterist ic of such goods is essent ially att ributable to its geographical 

origin and in case where such goods are manufactured one of the act ivit ies 

of either the product ion or of processing or preparat ion of the goods 

concerned takes place in such territory, regions or locality as the case may 

be.  

j) First  Party- New Horizon College of Engineering, Bangalore (NHCE).

k) Second Party- Faculty, Support ing staff, Project  staff and Students of NHCE.

l) Faculty means a person professionally qualified to carry out  teaching and 
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research at  NHCE as a whole t ime employee, Emeritus fellow or Visit ing 

professor appointed by NHCE.

(Note this definit ion of faculty is meant  only for the purposes of this 

document  and in not  intended to replace the definit ion of faculty in the 

statutes or other documents of Statutory Bodies.)

m) Support ing Staff means a person employed full-t ime or part-t ime by NHCE 

to support  the research, development , teaching and other support ing 

act ivit ies (including administ rat ive act ivit ies) of NHCE.  

n) Student  means a person who has registered or enrolled as full-t ime student , 

part-t ime student , casual student  or exchange student  from other 

universit ies/ colleges for

o) Project  staff means a person employed temporarily on a contract  under a 

research project , consultancy or any other act ivity carried out  by NHCE.   

p) Third Party- Any governmental or non-governmental organizat ion with 

whom the First  or the Second Party interacts for any act ivity with/ without  

exchange of considerat ion in cash or kind.

q) Act ivity- Act ivit ies related to teaching, research, consultancy, generat ion 

and disseminat ion of informat ion carried out  by a person or an Inst itut ion 

independent ly, or collaborat ively.

r) Inventor(s) – A person or a group of persons responsible for creat ing an IP. In 

case, creat ion of IP is associated with more than one inventor, one of them, 

from NHCE, would funct ion as a Lead Inventor.

s) Visitor- A person either from India or abroad visit ing under a collaborat ive 

act ivity or associated work at  NHCE. It  is expected that  the visit  has been 

approved by competent  authority of NHCE.

t ) Work for Hire- The work (or a product) originated from NHCE and is meant  

for the specific purpose of NHCE and produced by (a) an author during 

his/ her employment  at  NHCE or (b) non-employee under contracted work 

by NHCE.   

u) Work Commissioned/ Outsourced- work commissioned by NHCE to a 

creator or group of creators either employed by NHCE or invited from 

outside NHCE with or without  any considerat ion in cash or kind. Typical 

examples of NHCE commissioned works are:  
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(a) Design work, (b) Art ist ic Work, (c) Engineering/Architectural M odels, (d) 

Computer Software  (e) Reports based on surveys and analysis, f. Video 

works.

v) Associated Agreement  – document  created with mutual consent  of 

involved part ies defining the rights, roles and responsibilit ies of each of the 

part ies, for example,  

M emorandum of Understanding (M oU), M emorandum of Associat ion 

(M oA), 

Research Agreement , Consultancy Agreement , Non Disclosure Agreement  

(NDA), etc.

w) Non Disclosure Agreement  (NDA)/ Conf ident ialit y Agreement  -The 

agreement  intends to protect  proprietary or confident ial informat ion 

among the part ies involved in execut ing a NDA.  

x) Technology Business Incubator Unit  (TBIU) - The unit  is a part  of the industry 

interface of NHCE to promote partnership w ith new technology 

entrepreneurs and start-up companies at  NHCE.

1.5 ADM INISTRATION OF IPR POLCY

The powers and responsibilit ies to amend and implement  IPR Policy by various 

ent it ies are described below:

1.5.1 POWERS TO AM END IPR POLICY

NHCE, through its Board of Governors (referred to as BOG), will have the full 

power to make changes to the IPR policy or bring out  a new policy as and when it  

is felt  necessary. This can happen in view of changes in government  policies or 

other nat ional and internat ional developments including t reat ies and legal 

judgements. The changes or the new policy shall be applicable to all 

faculty/ students/ / project  staff/  support ing staff / visitors.  

1.5.2 RESPONSIBILITY TO CREATE/AM END PROCEDURES AND PROCESSES FOR 

IM PLEM ENTATION OF IPR POLICY

NHCE, through its Director, will have full powers to create and amend 

administ rat ive mechanism from t ime to t ime in view of the changing needs 

including creat ing administ rat ive bodies and entrust ing role and responsibilit ies 

to various individual(s)/ exist ing ent it ies for evolving detailed procedures and to 

facilitate implementat ion of the IPR policy of NHCE.
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1.5.3 APPEAL PROCEDURE

In case of any conflict , grievance regarding ownership of IP, processing of IP 

proposals, procedures adopted for implementat ion of IPR policy and 

interpretat ion of various clauses of IPR policy, any aggrieved person can appeal to 

the administ rat ive body formed for the purpose to resolve the issue. In case the 

appellant  is not  sat isfied with the decision of such a body, he/ she can appeal to 

the Director of NHCE, whose decision shall be final.  

1.5.4  IP INFRINGEM ENT

In case of violat ion/ infringement  of any intellectual property rights such as 

patent  infringement  by the NHCE faculty / students/ project  staff/  support ing 

staff/ visitors or any third party infringing upon the IPR of an NHCE inventor, NHCE 

would create an appropriate administ rat ive body, which would first  invest igate 

the matter and make recommendat ions to the Director for resolut ion of such 

violat ion/ infringement . In case of any third party infringing upon IPR of NHCE, the 

above administ rat ive body would invest igate and make recommendat ions to the 

Director including need for any legal course of act ion.

Annexure I describes suggested administ rat ion mechanism for some of the key 

act ivit ies.   
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Section 2

OWNERSHIP OF INTELLECTUAL PROPERTY

2.1 INTRODUCTION  

Excellence in research and educat ion, exchange and disseminat ion of knowledge are 

guiding principles of NHCE.    These act ivit ies may lead to generat ion of new 

Intellectual Property (IP), which needs to be protected, developed, t ransferred and 

commercialized for the benefit  of the society. Also, the informat ion on the newly 

created and protected IP should be disseminated at  the earliest  so that  the scient ific 

community is not  deprived of its right  to knowledge and carry out  further research. 

This can be facilitated only if the Ownership of a newly created IP is clearly defined. 

Clarity on Ownership of IP protects the interest  of both the inventor(s) and the 

society at  large.

Like in case of other types of property where there is an owner who can sell, rent  and 

gift  the property, the same concept  is applicable in respect  of all IPs. An owner of an 

IP is the one who has the rights to enter into t ransact ion of IP such as licensing, 

selling, assigning of IPR or engaging in any other similar act ivity, to earn revenue or 

any considerat ion accruing from such an act ivity and retain, share and ut ilize the 

revenue so earned.

Owning an IP involves a process defined by law and has cost  associated with it . Each 

country has its own process and fee st ructure. An Owner needs to acquire ownership 

rights separately in each country by paying necessary fee and associated expenses.    

Retaining the ownership involves payment  of maintenance fee as per the prescribed 

schedule over the life of IP.  

2.2 TYPES OF ACTIVITIES LEADING TO GENERATION OF IP

NHCE has engaged itself in different  types of Research and Development  (R&D) 

act ivit ies including the following, which may generate intellectual property(ies):

a) Research taken up by a faculty/ student / project  staff/ support ing staff 

/ visitor in the normal course of his/ her appointment / engagement  at  NHCE 

with funds coming from NHCE (this would include research projects 

undertaken by students under the supervision of the faculty member);

b) Research taken up by a facult y/ st udent / project  staff / support ing 

staff/ visitor from funds coming from a sponsor such as Government  of 

India, state governments, internat ional agencies, or foreign governments, 

etc.;
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c) Collaborat ive research undertaken with other inst itut ions including 

government  departments and agencies, PSUs and private companies 

located in India;

d) Internat ional collaborat ive research with inst itut ions and companies 

located outside India;

e) Research supported by companies and other private organizat ions through 

research projects or consultancy assignments; and

f) Any combinat ion(s) of the above

g) Ownership of IP in the above ment ioned situat ions may not  be defined/  

specified in the same way. The ownership definit ions for different  types of 

IP and other relevant  aspects are described in Sect ion 2.3.

2.3   OWNERSHIP OF INTELLECTUAL PROPERTY (IP)

2.3.1  Patent , Copyright  on Software, Industrial design, IC layout  design and 

New plant  variety

(A) Intellectual property is owned wholly or exclusively by NHCE if:

a) It  has been developed either solely with the use of funds /  facilit ies 

provided by NHCE or with a mix of funds/ facilit ies of NHCE and 

external agencies but  without  any formal associated agreement

b) It  has been developed with the use of external funds /  facilit ies, 

including, that  of sponsored research and consultancy projects 

without  any associated agreement .

c) It  has been developed under any contract  arrangement  including 

“ work for hire”, work commissioned and/ or outsourced by NHCE.  

d) It  has been developed pursuant  to a writ ten agreement  where 

ownership has been t ransferred to NHCE. Examples are work assigned 

to programmers, writers of NHCE publicat ions, etc.  

e) It  is not  assignable to an individual or a specific group of ident ifiable 

contributors, i.e. software or technology or process developed over a 

period of t ime with contribut ion from different  individuals of /  for 

NHCE.

(B) Intellectual property can be owned by Third party(ies) (exclusively or joint ly 

with NHCE) if:
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a) It  has been developed with external funding from Third party(ies) 

including sponsored research, consultancy projects and other 

collaborat ive act ivity(ies) with a formal associated agreement .

b) It  has been developed without  external funding from third part ies 

under collaborat ive project (s) or act ivity(ies) with Third party(ies) with 

associated agreement(s).

c) It  has been developed out  of the work carried out  by NHCE 

faculty/ student / project  staff/ support ing staff during their visit  to a 

Third party Inst itut ion/ organizat ion.

For sharing of IP in case of sponsored research and consultancy 

projects or any other collaborat ive act ivity, the following guidelines 

shall be followed:

i. If the funding agency allows NHCE to own the IP, then NHCE 

may share its rights with other

ii. Third party(ies) subject  to their respect ive contribut ion.

iii. In case of funds provided by an agency of Government  of India, 

the ownership shall be decided in compliance with the 

ownership clauses defined by the funding agency at  the t ime of 

approval of the act ivity(ies).  

iv. In case of funds provided by a non-government  agency - the 

ownership may be shared between NHCE and funding agency. 

The sharing may take into considerat ion relat ive contribut ions 

of part ies involved as well as any background IP with respect ive 

part ies.

v. Waiver of joint  ownership can be considered by NHCE on 

recommendat ion(s) of the involved Inventor(s) or Lead 

Inventor based on the adequacy of compensat ion provided to 

NHCE.  

vi. For a mult i-country/ mult i-inst itut ional collaborat ive project , 

there must  be an explicit  agreement  defining the ownership of 

IP generated.

vii. Normally, IP will be shared among only those part ies that  

contribute towards creat ion of IP through direct  involvement  

of their human/ other resources.   
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viii. In case of collaborat ive act ivity with foreign inst itut ions 

involving indigenous biological material, IP ownership has to 

take into account  rest rict ions as per the prevailing 'Biological 

Diversity Act  2002' of India.  

(C)   The Intellectual property can be owned by the Inventor(s) if:

None of the situat ions defined above for NHCE or Third party ownership 

applies, and the IP is unrelated to the inventor's engagement  with NHCE. 

For faculty and staff, the engagement  implies responsibilit ies associated 

with employment .    It  is also expected that  the person concerned would 

have pursued these act ivit ies outside of normal working hours of NHCE.

2.3.2   Copyright  other than Software

(A)   The copyright  owned by the author(s): The copyrights is owned by the 

authors for textbooks, research books, art icles, monographs, teaching- 

learning resource materials and other scholarly publicat ions unless 

rest ricted by an associated agreement . These may also include popular 

novels, poems, musical composit ion, other works of art ist ic imaginat ion, 

etc. It  is advisable to keep the NHCE informed about  such creat ions. 

Revenue generated, if any, from such act ivit ies must  be reported to IIT as 

per  t he prevai l ing rules of  incom e f rom  ot her  professional 

act ivit ies/ sources.

(B)   The copyright  owned by IITD: The copyright  is owned by NHCE if the work is 

created under any contract  (same as described under Clause IA of Sect ion 

2.3).

(C)   The copyright  reassignable to Authors: Copyright  works that  are normally 

assignable to NHCE may be reassigned to the author on request  of the 

author provided it  does not  violate any agreement  with Third party and 

does not  intervene/ harm the interests of NHCE.  

(D)   Copyright  owned by student   

i. Copyrights of thesis, dissertat ions, term papers, laboratory 

records, and of other documents that  are produced by a student  

during the course of his/ her study will reside with the student  

unless rest ricted by an associated agreement  and/ or research 

carried out  using facilit ies that  have come to NHCE with 

pre-imposed IP protect ion rest rict ions.  
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ii. For claiming ownership of copyright  for thesis and dissertat ions, 

the student(s) has/ have to declare that  the thesis does not  include 

any informat ion that  needs IP protect ion by NHCE.  

iii. Further, any IP generated (other than copyright ) out  of the work 

carried out  by the student  would be covered as per Clause (A) and 

Clause (B) of Sect ion 2.3.1.  

iv. If any such work could not  be protected before submission of the 

thesis, concerned inventors should take steps to protect  the IP 

within a period of one year of submission of thesis. NHCE would 

have a mechanism in place for processing such thesis in order to 

protect  the confident ial informat ion during this period.

2.3.3    TRADE AND SERVICE M ARKS

Trade and service marks related to goods and services involving NHCE will be 

owned by NHCE.  Use of NHCE's name through t rademark makes users 

obligated to certain standards and accountability described later in Sect ion 3.7.

2.3.4   PROTECTION OF BIODIVERSITY AND TRADITIONAL KNOWLEDGE  

NHCE affirms that  it  abides with the nat ional laws on biodiversity and 

t radit ional knowledge. Inventor(s) has/ have to ensure that  the provisions 

under the nat ional laws on biodiversity and t radit ional knowledge are not  

violated during the course of securing any IP protect ion or use of such 

knowledge.

2.3.5   WAIVER OF IP RIGHTS BY IITD

Subject  to any associated agreement  and with appropriate approval from the 

sponsor, NHCE may waive its rights to specified intellectual property in favour 

of the inventor so as to enable the inventor to seek funding or other support  for 

the purpose of commercializat ion, or the Inst itute assessment  doesn't  favour IP 

protect ion. Such waiver of ownership in favour of the inventor(s) can be 

considered- 

a) if it  is established   that  such ownership of the inventor would be essent ial 

to enable disseminat ion of benefits of the invent ion to the society, or  

b) if NHCE decides not  to pursue the protect ion of IP within a period of six 

months of complete disclosure by the inventor to NHCE. The decision to 

pursue or not  to pursue should be communicated to the inventor within a 
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period of three months of complete disclosure by the inventor to NHCE.    

In all cases, unless explicit ly agreed to, NHCE shall normally retain a perpetual, 

royalty-free license to use the intellectual property and any corresponding IP 

for research and educat ional purposes.

2.3.6  TRADE-SECRETS AND KNOW-HOW INFORM ATION

Trade secrets and know-how fall outside the scope of protect ion under current  

IP regime of

India. It  is important  for the owner of such secrets and know-how to maintain 

confident iality through confident iality or non-disclosure agreements (NDA) 

with the other part ies. In order to protect  the informat ion exchanged or being 

exchanged w it h Third part y(ies) associated w it h an act ivit y, Lead 

inventor/ faculty is encouraged to sign separate NDA with third party(ies), 

associated faculty members, students, support ing staff, project  staff and 

visitors. Such confident ial informat ion should not  be incorporated in a 

student 's thesis without  the writ ten permission of the owner of the 

informat ion. Trade secrets and know-how informat ion should be exchanged 

with Third party(ies) in writ ing through a disclosure not ice in order to keep a 

record of t ime and extent  of disclosure. Such NDA should have a reasonable 

t ime limit  from the date of disclosure of the informat ion by the two part ies so as 

not  to hamper disseminat ion and propagat ion of scient ific informat ion to 

society.

Work carried out  or informat ion generated under an act ivity at  NHCE will not  be 

generally considered proprietary.  Non-publicat ion/ non-disclosure of 

informat ion will only imply that  the results have not  yet  reached a stage that  

merit  disclosure or are await ing IPR protect ion.

Considerable amount  of IP generated at  NHCE results from student 's 

work/ thesis and intended for research publicat ion. In view of this, it  is 

important  that  NDA with Third party(ies) should include clause that  specifies 

t ime limit  for assessment  of IP created and filing of IP under an act ivity.

At  any t ime several faculty members, students, support ing staff and project  

staff may be working on different  aspects of the same research area. NDA or any 

other agreement  of collaborat ion must  protect  research and development  

interests and act ivit ies of NHCE by person(s) unrelated to the agreement  and 

avoid any rest rict ive clause in this regard even for a limited period.
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2.3.7  COPYRIGHTS OWNED BY THIRD PARTIES

(a) Software   

NHCE expects that  its faculty/ students/ project  staff/  support ing staff/ visitors 

to understand the obligat ions made to the Third party related to software and 

databases.  It  is possible that  NHCE faculty/ students/ staff/ project  staff/ visitors 

are engaged in developing software or other IP using software, which are not  in 

the public domain and are proprietary to certain suppliers. It  is usual for NHCE 

to procure such software for educat ion and research purposes. M any such 

licenses may have rest rict ion on IP creat ion and / or its commercial use. It  is 

important  that , if there are any rest rict ions in the software employed for such IP 

creat ion, the same are sett led with the owner /  supplier of the software, before 

init iat ing IP protect ion.  

Software of general use shall be procured with valid license.

(b) Other copyrighted material

NHCE and its faculty, students, support ing staff, project  staff and visitors  

i. will respect  protect ion offered by Indian copyright  law to all 

copyrighted material,

ii. would use copyrighted materials for only personal use, teaching and 

research purposes as permitted by Indian law, and  

iii. would not  use copyrighted material in their thesis, publicat ions, reports 

and other professional documents without  taking explicit  prior 

permission of the copyright  holder.
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Section 3

TRANSFER AND USE OF IP

3.1 INTRODUCTION

The purpose of t ransfer and use of IP by NHCE, which is a non-profit  educat ional 

organizat ion, is to meet  one of its stated object ives of disseminat ing the fruits of 

research and development  for the benefit  of society.  NHCE recognizes that  

t ranslat ion of created IP to products and services of benefit  to society is a complex 

process that  normally involves considerable risk taking and expenses. The NHCE 

policy on t ransfer and use of IP proposed here takes into account  the above fact . 

Further, commercializat ion provides incent ive to the inventor(s) and provides 

'technology push' to the invent ion and couples it  to the 'market  pull'.  

Commercializat ion of IP is generally carried out  via licensing or assignment .    A 

licensing agreement  is a partnership between an intellectual property rights owner 

(licensor) and another who is authorized to use such rights (licensee) in exchange for 

an agreed payment  (fee or royalty)    where as assignment  of IP involves t ransfer of 

ownership irrevocably and permanent ly to the assignee by the assignor 

(www.wipo.int ). Also, proprietary know-how generated by NHCE is a known form of 

IP, and its t ransfer and use is covered by this policy.  

3.2 M ATERIAL TRANSFER AGREEM ENT (M TA)

In case NDA does not  cover material t ransfer clause, an appropriate M TA such as in 

the case of biotechnology invent ions shall be signed between the donor and the 

recipient  of the material regarding the use of the subject  material.  

3.3 POLICY RELATED TO TRANSFER OF BIOLOGICAL RESOURCE AND ASSOCIATED 

KNOWLEDGE

The Biological Diversity Act  2002 of India regulates the access to Biological resources 

of the country by non cit izens , non residents of the country as well as a body 

corporate,  associat ion or organizat ion not  incorporated or registered in India. The 

Act  prohibits such persons/ ent it ies from obtaining any biological resource occurring 

in India or knowledge associated there to for research or for commercial ut ilizat ion or 

for bio-safety and bio-ut ilizat ion. The Act  prevents any person from t ransferring the 

results of any research for f inancial considerat ion or otherwise to such 

persons/ ent it ies without  prior approval of the Nat ional Biodiversity authority (NBA).
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3.4 POLICY FOR IP LICENSING AND ASSIGNM ENT  

Licensing intellectual property to a third party is the most  common modality for 

technology t ransfer leading towards commercializat ion.   There are various modes of 

licensing st rategy including the following:    

• Exclusive licensing: The licensor licenses the IP only to one licensee. In other 

words the licensee is the only one authorized by the licensor to use and 

exploit  the IP. Even the licensor is excluded from using and exploit ing the IP.   

• Sole licensing: In this case also, the licensor licenses to only one licensee. 

However, under this licensing, the licensor can also use and exploit  the IP.

• Non-exclusive licensing:  In this type of licensing, the licensor is permitted 

to enter into agreements with more than one ent ity for use and exploitat ion 

of the IP. In other words, the same IP may be used by many licensees at  the 

same t ime for the same purpose or for different  purposes.

• Sub-licensing: Sub-licensing is applicable when a licensee wishes to further 

license the IP to another party(ies).  

Given the breadth of research and development  taking place at  NHCE and diversity of 

the IP so created, each license agreement  is somewhat  unique to the technology 

being t ransferred. The following guidelines are applicable to license agreement  with 

a Third party :

i. general ly no ent i t y shal l  be grant ed exclusive r ight  for  t he 

development / commercializat ion     

ii. of intellectual property owned by NHCE.

iii. if an ent ity is granted exclusive rights with respect  to a part icular IP, the 

same should be for a  limited period to obviate the possibility of 

misuse/ no-use.

iv. sub-licensing must  be specified whether it  is permitted or not , and even if 

permitted, whether the consent  of the licensor is required or not    should 

be    clearly stated in the license agreement .

v. NHCE and its inventors should be protected and indemnified from all 

liability arising from development  and commercializat ion of a part icular 

intellectual property.    
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vi. wherever applicable, it  should be ensured that  the licensing process does 

not  rest rict   the research/ publicat ion rights as well as incorporat ion of 

necessary material in the thesis of the associated student  inventor(s).

vii. will not  place rest rict ion(s) beyond the inventor(s) on NHCE from entering 

into research and development  in the same area independent ly or with 

other organizat ion(s).  

The license agreement  may contain such other provisions as may be determined by 

NHCE in the best  interest  of the society.

Assignment  of IP by NHCE to another party may be carried out  under the 

circumstances such as condit ions by the government  or its agencies, defence 

purposes or if the IP created dist inct ly accrues benefits to the society at  large.

3.5 POLICY FOR IP LICENSING AND ASSIGNING FOR START-UP VENTURES WITH 

INVOLVEM ENT

OF INVENTOR(S) FROM  NHCE

In order to encourage commercializat ion of IP registered and owned by NHCE, 

inventor(s) of such

IPs shall be encouraged to promote a start-up company (following the guidelines 

established by NHCE) for developing a business proposit ion leveraging the IP under 

considerat ion. For this purpose, the start-up can also be accommodated at  the 

Technology Business Incubator Unit  (NHCE U) /  Innovat ion Park at   NHCE, if so 

desired by the Inventor(s), after crit ical appraisal of the Business Plan  as per 

applicable procedures of NHCE.  

The start-ups in the specified instances shall be licensed IPs owned by NHCE on a 

limited exclusivity basis init ially for a period of 3 years. The licensing fee may be 

decided depending on the nature of funding available for such a venture including 

the possibility of making the know-how/ technology available even without  any 

license fee.   However, all such licensing should be accompanied by an appropriate 

agreement  and a monitoring mechanism. During the limited exclusivity period, the 

start-up shall have 'no rights to sub-license' to any Third party.

Once the start-up venture establishes the commercial viability within the limited 

exclusivity period, the license agreement  shall be re-visited and modified into 

exclusive over an extended period with a royalty considerat ion, the quantum of 

which shall be determined by NHCE.    
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In case the start-up fails to achieve commercial breakthrough within the allotted 

period, the exclusivity of the license to the start-up shall be forfeited.

Further, as any ent ity set-up under the TBIU is an independent  commercial ent ity, 

NHCE would not  have any rights to IP/ Know-how developed within the ent ity unless 

covered by an explicit  agreement .

3.6 SHARING OF REVENUE BETWEEN NHCE AND INVENTOR(S)

The sub-sect ion refers to revenue generated from monet izat ion of IP. Protect ion of IP 

among other things is meant  to provide incent ive to all those associated with NHCE 

with a potent ial for pursuing research leading to marketable product  or processes 

and as a consequence generate revenue for NHCE. Therefore, it  is the policy of NHCE 

to share the revenue from monet izat ion of IP among stakeholders. These 

stakeholders besides NHCE will include inventors, associated academic ent it ies of 

NHCE and t he administ rat ive ent it ies engaged in IP management  and 

commercializat ion.  

NHCE reserves the right  to determine the share of the different  stakeholders 

involved in IP creat ion and disseminat ion from t ime to t ime.   

Revenue share of the inventor(s) shall cont inue even after their associat ion with 

NHCE ends. The administering ent ity would evolve procedure to enable this sharing.

3.7 POLICY RELATED TO THE USE OF NAM E OF NHCE AND TRADEM ARKS OWNED BY 

NHCE BY THIRD PARTIES

NHCE would allow the use of its name and t rademarks owned by it  to the Third 

party(ies) to whom IP has been licensed/ assigned through a signed agreement  on 

following condit ions:

(a) IP is intended to be used for the benefit  of society.  

(b) IP is licensed/ assigned with an undertaking from the licensee/ assignee that  

IP will be used- 

i. in a responsible manner to create a product / process conforming to 

environmental safety, and good manufacturing pract ices promoted by 

the  Government  of India and its regulatory bodies.

ii. in promot ing t ruthful claims and informat ion, i.e. not  for misleading 

the society or users.
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iii. without  any liability to NHCE in case of misuse of IP or accidental 

damage accruing due to use of IP.

(c) In no case IP will be used against  the interest  of India.

In all such cases, the licensee/ assignee must  take prior approval of NHCE about  the 

manner in which the name of NHCE and its t rademarks are to be used in any media 

including print  and elect ronic media.  

3.8 NONCOM PLIANCE AND CONFLICT OF INTEREST

All inventors are responsible for compliance with government  rules and NHCE's 

policies and ordinances related to development  and use of IP generated. In all 

act ivit ies arising out  of implementat ion of IPR policy of the Inst itute, all faculty 

members/ inventors are expected to avoid potent ial and mutual conflicts of interest .
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ANNEXURE I

SUGGESTED IPR ADM INISTRATIVE M ECHANISM  AT NHCE

For the facilitat ion of IPR policy, NHCE can entrust  the role and responsibilit ies to 

various individuals and ent it ies. This Annexure describes suggested administ rat ion 

mechanisms for some of the key act ivit ies.   

AI.1  ADM INISTERING ENTITIES

There are two important  ent it ies current ly associated with IP management  and 

commercializat ion:

1. The Foundat ion for Innovat ion and Technology Transfer (FITT) will be 

established by NHCE as a Registered Society under the Karnataka Societ ies 

Regist rat ion Act  of 1960 to inter alia, manage, t ransfer and otherwise 

commercialize technology owned by NHCE or in which it  owns an interest .    

The primary object ives of the Foundat ion are elaborated in it s 

M emorandum of Associat ion and Regulat ions.

2. The Industrial R&D Unit  (IRD) has been specifically set  up to provide 

specialized administ rat ive and managerial support  for the operat ion of 

sponsored research, consultancy and other related R&D act ivit ies of the 

Inst itute.

AI.2 IPR STANDING COM M ITTEE (IPR SC) AND ITS ROLE  

The IPR Standing Committee will be the core administ rat ing body, which will be 

responsible for evolving detailed procedures to facilitate implementat ion of the IPR 

policy of NHCE. IPR SC would also arbit rate on appeals made and any clarificat ions 

sought . The IPR SC will have the following members:

Dean (R&D) Chairperson (Ex-officio)

Dean (Student  Affairs) M ember (Ex-officio)

Dean (Academics) M ember (Ex-officio)

Director (T&P) M ember (Ex-officio)

Director (FITT) M ember (Ex-officio)

Principal's Nominee from NHCE M ember

Principal's Nominee (with legal background) M ember

* Designated Person's from FITT M ember Secretary
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* Specialized/ experienced person hired by FITT for coordinat ing the matters of IPR /  

Technology Transfer.

IPR SC suggested role would include the following:

a) to create expert  groups in different  subject  domains for assessing and 

recommending proposals for IP filing. (Note: this assessment  step can be 

skipped in case the costs of filing are borne by an external funding source 

including sponsored project  or consultancy. )

b) create and finalize procedures, forms (and guidelines) for implementat ion 

of the IPR policy at  NHCE.  

c) evolve proper procedures and guidelines for good pract ices for record 

keeping to enable efficient  IP filing and protect ion.

d) create and finalize draft  agreements to facilitate IP protect ion by NHCE.  

e) appoint  a panel of attorneys to facilitate filing of IPs by both the Inst itute 

appointed body as well by individual faculty/ staff using their project  or 

other funding.

f) provide guidelines for IPR related documentat ion including creat ing 

infrast ructure for the same.

g) form ulat e program s for  educat ing facul t y/ st udent s/ suppor t ing 

staff/ project  staff/ visitors about  IPR and other associated issues.

h) approach funding agencies, venture capitalists etc. for funds for promot ion 

of IPR act ivit ies at  NHCE.

i) t ie-up with organizat ions for filing, licensing/ assigning of IPR on revenue 

sharing basis.

j) to provide waivers and release of IPR to Inventor(s) and/ or Third party(ies) 

within the framework of IPR policy of NHCE.  

k) to evolve modalit ies of financing of IP related act ivit ies at  NHCE.  

l) redress any conflict , grievance regarding ownership of IP, processing of IP 

proposals, procedures adopted for implementat ion of IPR policy and 

interpretat ion of various clauses of IPR policy.

m) invest igate the matter of violat ion/ infringement  of any intellectual 

property rights related to NHCE and make recommendat ions to the 
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Director for resolut ion of such violat ion/ infringement .

n) deal with any relevant  issues arising out  of promot ion as well as 

implementat ion of IPR policy.

o) IPR SC may appoint  committee(s) or expert  group(s) with members from 

within and/ or outside NHCE to seek their opinion in carrying out  any of the 

above responsibilit ies.

AI.3 ROLE OF FITT  

The current  role of FITT includes the following, which may be revised from t ime to 

t ime  

a) organizat ion of IP awareness programs at  NHCE.

b) organizing IPR SC meet ings in co-ordinat ion with IRD.

c) work on behalf of NHCE, to process and manage IP regist rat ions.

d) regularly review IP cases (filed/ granted applicat ions) for maintenance /  

discont inuat ion.  

e) to assist  faculty/ students/ project  staff/  support ing staff/ visitors in all IPR 

applicat ion act ivit ies.

f) to coordinate with the inventor (s) to proact ively ident ify third part ies for 

development  and commercializat ion of IP.  

g) Custody of all IPR related documents

AI.4 ROLE OF R&D Cell

The current  role of R&D Cell includes the following, which may be revised from t ime 

to t ime  

     (a)   to  process all financial matters related to regist rat ion and maintenance of 

various IPs.

     (b)   to administer all matters related to IP t ransfer on the advice of FITT.

      (c)   to sign all IPR documents on behalf of NHCE with Dean (R&D) as the 

competent  authority.  Dean (R&D) may designate the Lead Inventor as competent  

authority on his behalf for signing agreement(s) created under standardized formats 

proposed by IPR SC.  

For example:  Confident ial or Non disclosure agreements writ ten as per the standard 

formats made available by IPR SC can be signed by the Lead Inventor on behalf of 
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NHCE. However for cases, where the agreements have clauses other than standard 

format  will cont inue to be signed by Dean (R&D) as the competent  authority or as 

assigned by the Principal of NHCE.

AI.5 IPR FUND

NHCE shall examine to inst itute an 'IPR Fund' by accumulat ing part  of the revenue 

generated from licensing/ assigning and other resources to support  IPR act ivit ies of 

NHCE.  NHCE would also invest  corpus amount  every year to encourage filing and 

registering of IPR(s). The IPR fund will be managed by R&D unit  of NHCE.
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ANNEXURE II

PREVAILING NORM S FOR SHARING

As of now, the income generated by licensing/ assigning of IPR or on receipt  of 

royalt ies associated with technology t ransfer /  specific innovat ion programs shall be 

divided as follows:

a. 60% (sixty percent) of the revenue will go to the Inventor(s); the share of 

each inventor may be decided by the Lead Inventor.  

b. 20% (twenty per cent) would go to NHCE 

c. 10% (ten percent) to FITT and 10% (ten percent) to NHCE R&D for 

promot ion of IPR act ivit ies;  

The share of FITT may be 20% when a project  is init iated and promoted by the efforts 

of FITT. 
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Section 1

INTRODUCTION

1.1   PREAM BLE

New Horizon College of Engineering, Bangalore (hereafter referred to as 'NHCE') is an 

academic Inst itute dedicated to excellence in teaching and research.    Its act ivit ies, 

centred on faculty/ students/ / project  staff/  support ing staff/ visitors are based on 

knowledge and intellectual exercise.  In the era of technology dominat ion, where 

values and percept ions change at  brisk pace, Indian Inst itutes of Technology, in 

part icular, have to preserve the fundamental spirit  of academics on one hand and 

have to march ahead, on the other, accept ing changing realit ies of business economy 

based on  knowledge generated, protected and disseminated under the intellectual 

property regime.  In the evolving scenario of the world today, with increasing 

awareness of the 'knowledge asset ', an Intellectual Property Rights (IPR) Policy is 

needed not  only to preserve the interest  of NHCE but  also to make NHCE 

faculty/ students/  project  staff/  support ing staff/  visitors aware of 'knowledge asset  

and its impact  on the society'.  

The present  policy facilitates protect ion of    the right  of the Inventor(s) of NHCE i.e. 

faculty/ students/  project  staff/  support ing staff / visitors of NHCE    through the 

opt ion of Intellectual property protect ion on a novel work or to keep it  in public 

domain as they may deem fit . In alignment  with the Vision and M ission of NHCE, the 

policy favours out reach of the novel technologies developed at  NHCE. At  the same 

t ime, it  mot ivates the faculty, students and researchers of NHCE to init iate 

technology t ransfer using the intellectual property rights gained over a novel 

technology.  

In today's knowledge based economy, bio-based sectors are fast  emerging and are 

also being promoted by NHCE. The present  policy intends to take into considerat ion 

the sustainable use of biological diversity by NHCE faculty/ students / project  staff/  

support ing staff, its conservat ion, deposit ion of biological samples and use of natural 

resource based t radit ional knowledge as per the Indian statutory IP regime.

1.2   PURPOSE

The material put  forward in this document  relates to an IPR policy (and related 

administ rat ive procedures) with the object ive that :

a) It  enables NHCE to discharge its primary responsibility of fostering, 

st imulat ing and encouraging creat ive act ivit ies in the area of science and 

technology in the widest  sense;
1



b) It  lays dow n t he norms to protect  t he legit imate interest  of  

faculty/ students/  project  staff/  support ing staff / visitors of NHCE and the 

society in a rat ional manner consistent  with the 'commitment ' of NHCE and 

'role' assigned to it  by the society.

c) It  provides a t ransparent  administ rat ive system for the ownership, control 

and t ransfer of the intellectual property created and owned by the Inst itute;  

d) It  shares a global percept ion of pract ices related to intellectual property 

retaining nat ional ident ity and local const raints, avoiding as far as possible 

'conflict ' of opposing interests,

e) It  keeps into considerat ion the sustainable use of bio-resources and 

conservat ion of biodiversity.

f) The policy promotes fair use of t radit ional knowledge while recognizing 

local t radit ional knowledge stakeholders and benefit  sharing.   

1.3   TYPES OF IP

The intellectual propert ies can be broadly listed as:

a) Patents

b) Copyrights

c) Trade/ Service marks

d) Industrial designs

e) IC layout  designs  

f) New plant  variety and Biotechnology invent ions

g) Tradit ional knowledge and Geographical Indicat ions

1.4  DEFINITIONS

These intellectual propert ies can be illust rat ively defined as:- 

a) Patent- is an exclusive right  granted for an invent ion, which is a product  or a 

process that  provides a new way of doing something, or offers a new 

technical solut ion to a problem.

b) Copyright- is an exclusive right  given to the author of the original literary, 

architectural, dramat ic, musical and art ist ic works; cinematograph films; 

and sound recordings.

c) Trade/ Service M ark- means a mark capable of being represented 
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graphically and which is capable of dist inguishing the goods or services of 

one person from those of others and may include shape of goods, their 

packaging and combinat ion of colours.

d) Industrial Design- means only the features of shape, configurat ion, pattern, 

ornament  or composit ion of lines or colours applied to any art icle whether 

in two dimensional or three dimensional or in both forms, by any industrial 

process or means, whether manual, mechanical or chemical, separate or 

combined, which in the finished art icle appeal to and are judged solely by 

the eye; but  does not  include any mode or principle of const ruct ion or 

anything which is in substance a mere mechanical device.

e) IC Layout Designs - means a layout  of t ransistors and other circuit ry 

elements and includes lead wires connect ing such elements and expressed 

in any manner in a semiconductor integrated circuit .

f) New Plant Variety- a plant  variety that  is novel, dist inct  and shows uniform 

and stable characterist ics.

g) Biotechnology Invent ions- include recombinant  products such as vectors, 

nucleot ide sequences, micro-organisms.

h) Traditional Knowledge- The knowledge developed by the indigenous or 

local communit ies for the use of a natural resource with respect  to 

agriculture, food, medicine etc. over a period of t ime and has been passed 

from one generat ion to another t radit ionally.  

i) Geographical Indications- means an indicat ion which ident ify such goods 

as agricultural goods, natural goods    as originat ing or manufactured in the 

territory of a country or manufactured in the territory of a country or a 

region or locality in that  territory where a given quality, reputat ion or other    

characterist ic of such goods is essent ially att ributable to its geographical 

origin and in case where such goods are manufactured one of the act ivit ies 

of either the product ion or of processing or preparat ion of the goods 

concerned takes place in such territory, regions or locality as the case may 

be.  

j) First  Party- New Horizon College of Engineering, Bangalore (NHCE).

k) Second Party- Faculty, Support ing staff, Project  staff and Students of NHCE.

l) Faculty means a person professionally qualified to carry out  teaching and 
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research at  NHCE as a whole t ime employee, Emeritus fellow or Visit ing 

professor appointed by NHCE.

(Note this definit ion of faculty is meant  only for the purposes of this 

document  and in not  intended to replace the definit ion of faculty in the 

statutes or other documents of Statutory Bodies.)

m) Support ing Staff means a person employed full-t ime or part-t ime by NHCE 

to support  the research, development , teaching and other support ing 

act ivit ies (including administ rat ive act ivit ies) of NHCE.  

n) Student  means a person who has registered or enrolled as full-t ime student , 

part-t ime student , casual student  or exchange student  from other 

universit ies/ colleges for

o) Project  staff means a person employed temporarily on a contract  under a 

research project , consultancy or any other act ivity carried out  by NHCE.   

p) Third Party- Any governmental or non-governmental organizat ion with 

whom the First  or the Second Party interacts for any act ivity with/ without  

exchange of considerat ion in cash or kind.

q) Act ivity- Act ivit ies related to teaching, research, consultancy, generat ion 

and disseminat ion of informat ion carried out  by a person or an Inst itut ion 

independent ly, or collaborat ively.

r) Inventor(s) – A person or a group of persons responsible for creat ing an IP. In 

case, creat ion of IP is associated with more than one inventor, one of them, 

from NHCE, would funct ion as a Lead Inventor.

s) Visitor- A person either from India or abroad visit ing under a collaborat ive 

act ivity or associated work at  NHCE. It  is expected that  the visit  has been 

approved by competent  authority of NHCE.

t ) Work for Hire- The work (or a product) originated from NHCE and is meant  

for the specific purpose of NHCE and produced by (a) an author during 

his/ her employment  at  NHCE or (b) non-employee under contracted work 

by NHCE.   

u) Work Commissioned/ Outsourced- work commissioned by NHCE to a 

creator or group of creators either employed by NHCE or invited from 

outside NHCE with or without  any considerat ion in cash or kind. Typical 

examples of NHCE commissioned works are:  
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(a) Design work, (b) Art ist ic Work, (c) Engineering/Architectural M odels, (d) 

Computer Software  (e) Reports based on surveys and analysis, f. Video 

works.

v) Associated Agreement  – document  created with mutual consent  of 

involved part ies defining the rights, roles and responsibilit ies of each of the 

part ies, for example,  

M emorandum of Understanding (M oU), M emorandum of Associat ion 

(M oA), 

Research Agreement , Consultancy Agreement , Non Disclosure Agreement  

(NDA), etc.

w) Non Disclosure Agreement  (NDA)/ Conf ident ialit y Agreement  -The 

agreement  intends to protect  proprietary or confident ial informat ion 

among the part ies involved in execut ing a NDA.  

x) Technology Business Incubator Unit  (TBIU) - The unit  is a part  of the industry 

interface of NHCE to promote partnership w ith new technology 

entrepreneurs and start-up companies at  NHCE.

1.5 ADM INISTRATION OF IPR POLCY

The powers and responsibilit ies to amend and implement  IPR Policy by various 

ent it ies are described below:

1.5.1 POWERS TO AM END IPR POLICY

NHCE, through its Board of Governors (referred to as BOG), will have the full 

power to make changes to the IPR policy or bring out  a new policy as and when it  

is felt  necessary. This can happen in view of changes in government  policies or 

other nat ional and internat ional developments including t reat ies and legal 

judgements. The changes or the new policy shall be applicable to all 

faculty/ students/ / project  staff/  support ing staff / visitors.  

1.5.2 RESPONSIBILITY TO CREATE/AM END PROCEDURES AND PROCESSES FOR 

IM PLEM ENTATION OF IPR POLICY

NHCE, through its Director, will have full powers to create and amend 

administ rat ive mechanism from t ime to t ime in view of the changing needs 

including creat ing administ rat ive bodies and entrust ing role and responsibilit ies 

to various individual(s)/ exist ing ent it ies for evolving detailed procedures and to 

facilitate implementat ion of the IPR policy of NHCE.
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1.5.3 APPEAL PROCEDURE

In case of any conflict , grievance regarding ownership of IP, processing of IP 

proposals, procedures adopted for implementat ion of IPR policy and 

interpretat ion of various clauses of IPR policy, any aggrieved person can appeal to 

the administ rat ive body formed for the purpose to resolve the issue. In case the 

appellant  is not  sat isfied with the decision of such a body, he/ she can appeal to 

the Director of NHCE, whose decision shall be final.  

1.5.4  IP INFRINGEM ENT

In case of violat ion/ infringement  of any intellectual property rights such as 

patent  infringement  by the NHCE faculty / students/ project  staff/  support ing 

staff/ visitors or any third party infringing upon the IPR of an NHCE inventor, NHCE 

would create an appropriate administ rat ive body, which would first  invest igate 

the matter and make recommendat ions to the Director for resolut ion of such 

violat ion/ infringement . In case of any third party infringing upon IPR of NHCE, the 

above administ rat ive body would invest igate and make recommendat ions to the 

Director including need for any legal course of act ion.

Annexure I describes suggested administ rat ion mechanism for some of the key 

act ivit ies.   
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Section 2

OWNERSHIP OF INTELLECTUAL PROPERTY

2.1 INTRODUCTION  

Excellence in research and educat ion, exchange and disseminat ion of knowledge are 

guiding principles of NHCE.    These act ivit ies may lead to generat ion of new 

Intellectual Property (IP), which needs to be protected, developed, t ransferred and 

commercialized for the benefit  of the society. Also, the informat ion on the newly 

created and protected IP should be disseminated at  the earliest  so that  the scient ific 

community is not  deprived of its right  to knowledge and carry out  further research. 

This can be facilitated only if the Ownership of a newly created IP is clearly defined. 

Clarity on Ownership of IP protects the interest  of both the inventor(s) and the 

society at  large.

Like in case of other types of property where there is an owner who can sell, rent  and 

gift  the property, the same concept  is applicable in respect  of all IPs. An owner of an 

IP is the one who has the rights to enter into t ransact ion of IP such as licensing, 

selling, assigning of IPR or engaging in any other similar act ivity, to earn revenue or 

any considerat ion accruing from such an act ivity and retain, share and ut ilize the 

revenue so earned.

Owning an IP involves a process defined by law and has cost  associated with it . Each 

country has its own process and fee st ructure. An Owner needs to acquire ownership 

rights separately in each country by paying necessary fee and associated expenses.    

Retaining the ownership involves payment  of maintenance fee as per the prescribed 

schedule over the life of IP.  

2.2 TYPES OF ACTIVITIES LEADING TO GENERATION OF IP

NHCE has engaged itself in different  types of Research and Development  (R&D) 

act ivit ies including the following, which may generate intellectual property(ies):

a) Research taken up by a faculty/ student / project  staff/ support ing staff 

/ visitor in the normal course of his/ her appointment / engagement  at  NHCE 

with funds coming from NHCE (this would include research projects 

undertaken by students under the supervision of the faculty member);

b) Research taken up by a facult y/ st udent / project  staff / support ing 

staff/ visitor from funds coming from a sponsor such as Government  of 

India, state governments, internat ional agencies, or foreign governments, 

etc.;
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c) Collaborat ive research undertaken with other inst itut ions including 

government  departments and agencies, PSUs and private companies 

located in India;

d) Internat ional collaborat ive research with inst itut ions and companies 

located outside India;

e) Research supported by companies and other private organizat ions through 

research projects or consultancy assignments; and

f) Any combinat ion(s) of the above

g) Ownership of IP in the above ment ioned situat ions may not  be defined/  

specified in the same way. The ownership definit ions for different  types of 

IP and other relevant  aspects are described in Sect ion 2.3.

2.3   OWNERSHIP OF INTELLECTUAL PROPERTY (IP)

2.3.1  Patent , Copyright  on Software, Industrial design, IC layout  design and 

New plant  variety

(A) Intellectual property is owned wholly or exclusively by NHCE if:

a) It  has been developed either solely with the use of funds /  facilit ies 

provided by NHCE or with a mix of funds/ facilit ies of NHCE and 

external agencies but  without  any formal associated agreement

b) It  has been developed with the use of external funds /  facilit ies, 

including, that  of sponsored research and consultancy projects 

without  any associated agreement .

c) It  has been developed under any contract  arrangement  including 

“ work for hire”, work commissioned and/ or outsourced by NHCE.  

d) It  has been developed pursuant  to a writ ten agreement  where 

ownership has been t ransferred to NHCE. Examples are work assigned 

to programmers, writers of NHCE publicat ions, etc.  

e) It  is not  assignable to an individual or a specific group of ident ifiable 

contributors, i.e. software or technology or process developed over a 

period of t ime with contribut ion from different  individuals of /  for 

NHCE.

(B) Intellectual property can be owned by Third party(ies) (exclusively or joint ly 

with NHCE) if:
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a) It  has been developed with external funding from Third party(ies) 

including sponsored research, consultancy projects and other 

collaborat ive act ivity(ies) with a formal associated agreement .

b) It  has been developed without  external funding from third part ies 

under collaborat ive project (s) or act ivity(ies) with Third party(ies) with 

associated agreement(s).

c) It  has been developed out  of the work carried out  by NHCE 

faculty/ student / project  staff/ support ing staff during their visit  to a 

Third party Inst itut ion/ organizat ion.

For sharing of IP in case of sponsored research and consultancy 

projects or any other collaborat ive act ivity, the following guidelines 

shall be followed:

i. If the funding agency allows NHCE to own the IP, then NHCE 

may share its rights with other

ii. Third party(ies) subject  to their respect ive contribut ion.

iii. In case of funds provided by an agency of Government  of India, 

the ownership shall be decided in compliance with the 

ownership clauses defined by the funding agency at  the t ime of 

approval of the act ivity(ies).  

iv. In case of funds provided by a non-government  agency - the 

ownership may be shared between NHCE and funding agency. 

The sharing may take into considerat ion relat ive contribut ions 

of part ies involved as well as any background IP with respect ive 

part ies.

v. Waiver of joint  ownership can be considered by NHCE on 

recommendat ion(s) of the involved Inventor(s) or Lead 

Inventor based on the adequacy of compensat ion provided to 

NHCE.  

vi. For a mult i-country/ mult i-inst itut ional collaborat ive project , 

there must  be an explicit  agreement  defining the ownership of 

IP generated.

vii. Normally, IP will be shared among only those part ies that  

contribute towards creat ion of IP through direct  involvement  

of their human/ other resources.   
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viii. In case of collaborat ive act ivity with foreign inst itut ions 

involving indigenous biological material, IP ownership has to 

take into account  rest rict ions as per the prevailing 'Biological 

Diversity Act  2002' of India.  

(C)   The Intellectual property can be owned by the Inventor(s) if:

None of the situat ions defined above for NHCE or Third party ownership 

applies, and the IP is unrelated to the inventor's engagement  with NHCE. 

For faculty and staff, the engagement  implies responsibilit ies associated 

with employment .    It  is also expected that  the person concerned would 

have pursued these act ivit ies outside of normal working hours of NHCE.

2.3.2   Copyright  other than Software

(A)   The copyright  owned by the author(s): The copyrights is owned by the 

authors for textbooks, research books, art icles, monographs, teaching- 

learning resource materials and other scholarly publicat ions unless 

rest ricted by an associated agreement . These may also include popular 

novels, poems, musical composit ion, other works of art ist ic imaginat ion, 

etc. It  is advisable to keep the NHCE informed about  such creat ions. 

Revenue generated, if any, from such act ivit ies must  be reported to IIT as 

per  t he prevai l ing rules of  incom e f rom  ot her  professional 

act ivit ies/ sources.

(B)   The copyright  owned by IITD: The copyright  is owned by NHCE if the work is 

created under any contract  (same as described under Clause IA of Sect ion 

2.3).

(C)   The copyright  reassignable to Authors: Copyright  works that  are normally 

assignable to NHCE may be reassigned to the author on request  of the 

author provided it  does not  violate any agreement  with Third party and 

does not  intervene/ harm the interests of NHCE.  

(D)   Copyright  owned by student   

i. Copyrights of thesis, dissertat ions, term papers, laboratory 

records, and of other documents that  are produced by a student  

during the course of his/ her study will reside with the student  

unless rest ricted by an associated agreement  and/ or research 

carried out  using facilit ies that  have come to NHCE with 

pre-imposed IP protect ion rest rict ions.  
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ii. For claiming ownership of copyright  for thesis and dissertat ions, 

the student(s) has/ have to declare that  the thesis does not  include 

any informat ion that  needs IP protect ion by NHCE.  

iii. Further, any IP generated (other than copyright ) out  of the work 

carried out  by the student  would be covered as per Clause (A) and 

Clause (B) of Sect ion 2.3.1.  

iv. If any such work could not  be protected before submission of the 

thesis, concerned inventors should take steps to protect  the IP 

within a period of one year of submission of thesis. NHCE would 

have a mechanism in place for processing such thesis in order to 

protect  the confident ial informat ion during this period.

2.3.3    TRADE AND SERVICE M ARKS

Trade and service marks related to goods and services involving NHCE will be 

owned by NHCE.  Use of NHCE's name through t rademark makes users 

obligated to certain standards and accountability described later in Sect ion 3.7.

2.3.4   PROTECTION OF BIODIVERSITY AND TRADITIONAL KNOWLEDGE  

NHCE affirms that  it  abides with the nat ional laws on biodiversity and 

t radit ional knowledge. Inventor(s) has/ have to ensure that  the provisions 

under the nat ional laws on biodiversity and t radit ional knowledge are not  

violated during the course of securing any IP protect ion or use of such 

knowledge.

2.3.5   WAIVER OF IP RIGHTS BY IITD

Subject  to any associated agreement  and with appropriate approval from the 

sponsor, NHCE may waive its rights to specified intellectual property in favour 

of the inventor so as to enable the inventor to seek funding or other support  for 

the purpose of commercializat ion, or the Inst itute assessment  doesn't  favour IP 

protect ion. Such waiver of ownership in favour of the inventor(s) can be 

considered- 

a) if it  is established   that  such ownership of the inventor would be essent ial 

to enable disseminat ion of benefits of the invent ion to the society, or  

b) if NHCE decides not  to pursue the protect ion of IP within a period of six 

months of complete disclosure by the inventor to NHCE. The decision to 

pursue or not  to pursue should be communicated to the inventor within a 
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period of three months of complete disclosure by the inventor to NHCE.    

In all cases, unless explicit ly agreed to, NHCE shall normally retain a perpetual, 

royalty-free license to use the intellectual property and any corresponding IP 

for research and educat ional purposes.

2.3.6  TRADE-SECRETS AND KNOW-HOW INFORM ATION

Trade secrets and know-how fall outside the scope of protect ion under current  

IP regime of

India. It  is important  for the owner of such secrets and know-how to maintain 

confident iality through confident iality or non-disclosure agreements (NDA) 

with the other part ies. In order to protect  the informat ion exchanged or being 

exchanged w it h Third part y(ies) associated w it h an act ivit y, Lead 

inventor/ faculty is encouraged to sign separate NDA with third party(ies), 

associated faculty members, students, support ing staff, project  staff and 

visitors. Such confident ial informat ion should not  be incorporated in a 

student 's thesis without  the writ ten permission of the owner of the 

informat ion. Trade secrets and know-how informat ion should be exchanged 

with Third party(ies) in writ ing through a disclosure not ice in order to keep a 

record of t ime and extent  of disclosure. Such NDA should have a reasonable 

t ime limit  from the date of disclosure of the informat ion by the two part ies so as 

not  to hamper disseminat ion and propagat ion of scient ific informat ion to 

society.

Work carried out  or informat ion generated under an act ivity at  NHCE will not  be 

generally considered proprietary.  Non-publicat ion/ non-disclosure of 

informat ion will only imply that  the results have not  yet  reached a stage that  

merit  disclosure or are await ing IPR protect ion.

Considerable amount  of IP generated at  NHCE results from student 's 

work/ thesis and intended for research publicat ion. In view of this, it  is 

important  that  NDA with Third party(ies) should include clause that  specifies 

t ime limit  for assessment  of IP created and filing of IP under an act ivity.

At  any t ime several faculty members, students, support ing staff and project  

staff may be working on different  aspects of the same research area. NDA or any 

other agreement  of collaborat ion must  protect  research and development  

interests and act ivit ies of NHCE by person(s) unrelated to the agreement  and 

avoid any rest rict ive clause in this regard even for a limited period.
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2.3.7  COPYRIGHTS OWNED BY THIRD PARTIES

(a) Software   

NHCE expects that  its faculty/ students/ project  staff/  support ing staff/ visitors 

to understand the obligat ions made to the Third party related to software and 

databases.  It  is possible that  NHCE faculty/ students/ staff/ project  staff/ visitors 

are engaged in developing software or other IP using software, which are not  in 

the public domain and are proprietary to certain suppliers. It  is usual for NHCE 

to procure such software for educat ion and research purposes. M any such 

licenses may have rest rict ion on IP creat ion and / or its commercial use. It  is 

important  that , if there are any rest rict ions in the software employed for such IP 

creat ion, the same are sett led with the owner /  supplier of the software, before 

init iat ing IP protect ion.  

Software of general use shall be procured with valid license.

(b) Other copyrighted material

NHCE and its faculty, students, support ing staff, project  staff and visitors  

i. will respect  protect ion offered by Indian copyright  law to all 

copyrighted material,

ii. would use copyrighted materials for only personal use, teaching and 

research purposes as permitted by Indian law, and  

iii. would not  use copyrighted material in their thesis, publicat ions, reports 

and other professional documents without  taking explicit  prior 

permission of the copyright  holder.
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Section 3

TRANSFER AND USE OF IP

3.1 INTRODUCTION

The purpose of t ransfer and use of IP by NHCE, which is a non-profit  educat ional 

organizat ion, is to meet  one of its stated object ives of disseminat ing the fruits of 

research and development  for the benefit  of society.  NHCE recognizes that  

t ranslat ion of created IP to products and services of benefit  to society is a complex 

process that  normally involves considerable risk taking and expenses. The NHCE 

policy on t ransfer and use of IP proposed here takes into account  the above fact . 

Further, commercializat ion provides incent ive to the inventor(s) and provides 

'technology push' to the invent ion and couples it  to the 'market  pull'.  

Commercializat ion of IP is generally carried out  via licensing or assignment .    A 

licensing agreement  is a partnership between an intellectual property rights owner 

(licensor) and another who is authorized to use such rights (licensee) in exchange for 

an agreed payment  (fee or royalty)    where as assignment  of IP involves t ransfer of 

ownership irrevocably and permanent ly to the assignee by the assignor 

(www.wipo.int ). Also, proprietary know-how generated by NHCE is a known form of 

IP, and its t ransfer and use is covered by this policy.  

3.2 M ATERIAL TRANSFER AGREEM ENT (M TA)

In case NDA does not  cover material t ransfer clause, an appropriate M TA such as in 

the case of biotechnology invent ions shall be signed between the donor and the 

recipient  of the material regarding the use of the subject  material.  

3.3 POLICY RELATED TO TRANSFER OF BIOLOGICAL RESOURCE AND ASSOCIATED 

KNOWLEDGE

The Biological Diversity Act  2002 of India regulates the access to Biological resources 

of the country by non cit izens , non residents of the country as well as a body 

corporate,  associat ion or organizat ion not  incorporated or registered in India. The 

Act  prohibits such persons/ ent it ies from obtaining any biological resource occurring 

in India or knowledge associated there to for research or for commercial ut ilizat ion or 

for bio-safety and bio-ut ilizat ion. The Act  prevents any person from t ransferring the 

results of any research for f inancial considerat ion or otherwise to such 

persons/ ent it ies without  prior approval of the Nat ional Biodiversity authority (NBA).
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3.4 POLICY FOR IP LICENSING AND ASSIGNM ENT  

Licensing intellectual property to a third party is the most  common modality for 

technology t ransfer leading towards commercializat ion.   There are various modes of 

licensing st rategy including the following:    

• Exclusive licensing: The licensor licenses the IP only to one licensee. In other 

words the licensee is the only one authorized by the licensor to use and 

exploit  the IP. Even the licensor is excluded from using and exploit ing the IP.   

• Sole licensing: In this case also, the licensor licenses to only one licensee. 

However, under this licensing, the licensor can also use and exploit  the IP.

• Non-exclusive licensing:  In this type of licensing, the licensor is permitted 

to enter into agreements with more than one ent ity for use and exploitat ion 

of the IP. In other words, the same IP may be used by many licensees at  the 

same t ime for the same purpose or for different  purposes.

• Sub-licensing: Sub-licensing is applicable when a licensee wishes to further 

license the IP to another party(ies).  

Given the breadth of research and development  taking place at  NHCE and diversity of 

the IP so created, each license agreement  is somewhat  unique to the technology 

being t ransferred. The following guidelines are applicable to license agreement  with 

a Third party :

i. general ly no ent i t y shal l  be grant ed exclusive r ight  for  t he 

development / commercializat ion     

ii. of intellectual property owned by NHCE.

iii. if an ent ity is granted exclusive rights with respect  to a part icular IP, the 

same should be for a  limited period to obviate the possibility of 

misuse/ no-use.

iv. sub-licensing must  be specified whether it  is permitted or not , and even if 

permitted, whether the consent  of the licensor is required or not    should 

be    clearly stated in the license agreement .

v. NHCE and its inventors should be protected and indemnified from all 

liability arising from development  and commercializat ion of a part icular 

intellectual property.    
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vi. wherever applicable, it  should be ensured that  the licensing process does 

not  rest rict   the research/ publicat ion rights as well as incorporat ion of 

necessary material in the thesis of the associated student  inventor(s).

vii. will not  place rest rict ion(s) beyond the inventor(s) on NHCE from entering 

into research and development  in the same area independent ly or with 

other organizat ion(s).  

The license agreement  may contain such other provisions as may be determined by 

NHCE in the best  interest  of the society.

Assignment  of IP by NHCE to another party may be carried out  under the 

circumstances such as condit ions by the government  or its agencies, defence 

purposes or if the IP created dist inct ly accrues benefits to the society at  large.

3.5 POLICY FOR IP LICENSING AND ASSIGNING FOR START-UP VENTURES WITH 

INVOLVEM ENT

OF INVENTOR(S) FROM  NHCE

In order to encourage commercializat ion of IP registered and owned by NHCE, 

inventor(s) of such

IPs shall be encouraged to promote a start-up company (following the guidelines 

established by NHCE) for developing a business proposit ion leveraging the IP under 

considerat ion. For this purpose, the start-up can also be accommodated at  the 

Technology Business Incubator Unit  (NHCE U) /  Innovat ion Park at   NHCE, if so 

desired by the Inventor(s), after crit ical appraisal of the Business Plan  as per 

applicable procedures of NHCE.  

The start-ups in the specified instances shall be licensed IPs owned by NHCE on a 

limited exclusivity basis init ially for a period of 3 years. The licensing fee may be 

decided depending on the nature of funding available for such a venture including 

the possibility of making the know-how/ technology available even without  any 

license fee.   However, all such licensing should be accompanied by an appropriate 

agreement  and a monitoring mechanism. During the limited exclusivity period, the 

start-up shall have 'no rights to sub-license' to any Third party.

Once the start-up venture establishes the commercial viability within the limited 

exclusivity period, the license agreement  shall be re-visited and modified into 

exclusive over an extended period with a royalty considerat ion, the quantum of 

which shall be determined by NHCE.    
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In case the start-up fails to achieve commercial breakthrough within the allotted 

period, the exclusivity of the license to the start-up shall be forfeited.

Further, as any ent ity set-up under the TBIU is an independent  commercial ent ity, 

NHCE would not  have any rights to IP/ Know-how developed within the ent ity unless 

covered by an explicit  agreement .

3.6 SHARING OF REVENUE BETWEEN NHCE AND INVENTOR(S)

The sub-sect ion refers to revenue generated from monet izat ion of IP. Protect ion of IP 

among other things is meant  to provide incent ive to all those associated with NHCE 

with a potent ial for pursuing research leading to marketable product  or processes 

and as a consequence generate revenue for NHCE. Therefore, it  is the policy of NHCE 

to share the revenue from monet izat ion of IP among stakeholders. These 

stakeholders besides NHCE will include inventors, associated academic ent it ies of 

NHCE and t he administ rat ive ent it ies engaged in IP management  and 

commercializat ion.  

NHCE reserves the right  to determine the share of the different  stakeholders 

involved in IP creat ion and disseminat ion from t ime to t ime.   

Revenue share of the inventor(s) shall cont inue even after their associat ion with 

NHCE ends. The administering ent ity would evolve procedure to enable this sharing.

3.7 POLICY RELATED TO THE USE OF NAM E OF NHCE AND TRADEM ARKS OWNED BY 

NHCE BY THIRD PARTIES

NHCE would allow the use of its name and t rademarks owned by it  to the Third 

party(ies) to whom IP has been licensed/ assigned through a signed agreement  on 

following condit ions:

(a) IP is intended to be used for the benefit  of society.  

(b) IP is licensed/ assigned with an undertaking from the licensee/ assignee that  

IP will be used- 

i. in a responsible manner to create a product / process conforming to 

environmental safety, and good manufacturing pract ices promoted by 

the  Government  of India and its regulatory bodies.

ii. in promot ing t ruthful claims and informat ion, i.e. not  for misleading 

the society or users.

17



iii. without  any liability to NHCE in case of misuse of IP or accidental 

damage accruing due to use of IP.

(c) In no case IP will be used against  the interest  of India.

In all such cases, the licensee/ assignee must  take prior approval of NHCE about  the 

manner in which the name of NHCE and its t rademarks are to be used in any media 

including print  and elect ronic media.  

3.8 NONCOM PLIANCE AND CONFLICT OF INTEREST

All inventors are responsible for compliance with government  rules and NHCE's 

policies and ordinances related to development  and use of IP generated. In all 

act ivit ies arising out  of implementat ion of IPR policy of the Inst itute, all faculty 

members/ inventors are expected to avoid potent ial and mutual conflicts of interest .
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ANNEXURE I

SUGGESTED IPR ADM INISTRATIVE M ECHANISM  AT NHCE

For the facilitat ion of IPR policy, NHCE can entrust  the role and responsibilit ies to 

various individuals and ent it ies. This Annexure describes suggested administ rat ion 

mechanisms for some of the key act ivit ies.   

AI.1  ADM INISTERING ENTITIES

There are two important  ent it ies current ly associated with IP management  and 

commercializat ion:

1. The Foundat ion for Innovat ion and Technology Transfer (FITT) will be 

established by NHCE as a Registered Society under the Karnataka Societ ies 

Regist rat ion Act  of 1960 to inter alia, manage, t ransfer and otherwise 

commercialize technology owned by NHCE or in which it  owns an interest .    

The primary object ives of the Foundat ion are elaborated in it s 

M emorandum of Associat ion and Regulat ions.

2. The Industrial R&D Unit  (IRD) has been specifically set  up to provide 

specialized administ rat ive and managerial support  for the operat ion of 

sponsored research, consultancy and other related R&D act ivit ies of the 

Inst itute.

AI.2 IPR STANDING COM M ITTEE (IPR SC) AND ITS ROLE  

The IPR Standing Committee will be the core administ rat ing body, which will be 

responsible for evolving detailed procedures to facilitate implementat ion of the IPR 

policy of NHCE. IPR SC would also arbit rate on appeals made and any clarificat ions 

sought . The IPR SC will have the following members:

Dean (R&D) Chairperson (Ex-officio)

Dean (Student  Affairs) M ember (Ex-officio)

Dean (Academics) M ember (Ex-officio)

Director (T&P) M ember (Ex-officio)

Director (FITT) M ember (Ex-officio)

Principal's Nominee from NHCE M ember

Principal's Nominee (with legal background) M ember

* Designated Person's from FITT M ember Secretary
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* Specialized/ experienced person hired by FITT for coordinat ing the matters of IPR /  

Technology Transfer.

IPR SC suggested role would include the following:

a) to create expert  groups in different  subject  domains for assessing and 

recommending proposals for IP filing. (Note: this assessment  step can be 

skipped in case the costs of filing are borne by an external funding source 

including sponsored project  or consultancy. )

b) create and finalize procedures, forms (and guidelines) for implementat ion 

of the IPR policy at  NHCE.  

c) evolve proper procedures and guidelines for good pract ices for record 

keeping to enable efficient  IP filing and protect ion.

d) create and finalize draft  agreements to facilitate IP protect ion by NHCE.  

e) appoint  a panel of attorneys to facilitate filing of IPs by both the Inst itute 

appointed body as well by individual faculty/ staff using their project  or 

other funding.

f) provide guidelines for IPR related documentat ion including creat ing 

infrast ructure for the same.

g) form ulat e program s for  educat ing facul t y/ st udent s/ suppor t ing 

staff/ project  staff/ visitors about  IPR and other associated issues.

h) approach funding agencies, venture capitalists etc. for funds for promot ion 

of IPR act ivit ies at  NHCE.

i) t ie-up with organizat ions for filing, licensing/ assigning of IPR on revenue 

sharing basis.

j) to provide waivers and release of IPR to Inventor(s) and/ or Third party(ies) 

within the framework of IPR policy of NHCE.  

k) to evolve modalit ies of financing of IP related act ivit ies at  NHCE.  

l) redress any conflict , grievance regarding ownership of IP, processing of IP 

proposals, procedures adopted for implementat ion of IPR policy and 

interpretat ion of various clauses of IPR policy.

m) invest igate the matter of violat ion/ infringement  of any intellectual 

property rights related to NHCE and make recommendat ions to the 
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Director for resolut ion of such violat ion/ infringement .

n) deal with any relevant  issues arising out  of promot ion as well as 

implementat ion of IPR policy.

o) IPR SC may appoint  committee(s) or expert  group(s) with members from 

within and/ or outside NHCE to seek their opinion in carrying out  any of the 

above responsibilit ies.

AI.3 ROLE OF FITT  

The current  role of FITT includes the following, which may be revised from t ime to 

t ime  

a) organizat ion of IP awareness programs at  NHCE.

b) organizing IPR SC meet ings in co-ordinat ion with IRD.

c) work on behalf of NHCE, to process and manage IP regist rat ions.

d) regularly review IP cases (filed/ granted applicat ions) for maintenance /  

discont inuat ion.  

e) to assist  faculty/ students/ project  staff/  support ing staff/ visitors in all IPR 

applicat ion act ivit ies.

f) to coordinate with the inventor (s) to proact ively ident ify third part ies for 

development  and commercializat ion of IP.  

g) Custody of all IPR related documents

AI.4 ROLE OF R&D Cell

The current  role of R&D Cell includes the following, which may be revised from t ime 

to t ime  

     (a)   to  process all financial matters related to regist rat ion and maintenance of 

various IPs.

     (b)   to administer all matters related to IP t ransfer on the advice of FITT.

      (c)   to sign all IPR documents on behalf of NHCE with Dean (R&D) as the 

competent  authority.  Dean (R&D) may designate the Lead Inventor as competent  

authority on his behalf for signing agreement(s) created under standardized formats 

proposed by IPR SC.  

For example:  Confident ial or Non disclosure agreements writ ten as per the standard 

formats made available by IPR SC can be signed by the Lead Inventor on behalf of 
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NHCE. However for cases, where the agreements have clauses other than standard 

format  will cont inue to be signed by Dean (R&D) as the competent  authority or as 

assigned by the Principal of NHCE.

AI.5 IPR FUND

NHCE shall examine to inst itute an 'IPR Fund' by accumulat ing part  of the revenue 

generated from licensing/ assigning and other resources to support  IPR act ivit ies of 

NHCE.  NHCE would also invest  corpus amount  every year to encourage filing and 

registering of IPR(s). The IPR fund will be managed by R&D unit  of NHCE.
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ANNEXURE II

PREVAILING NORM S FOR SHARING

As of now, the income generated by licensing/ assigning of IPR or on receipt  of 

royalt ies associated with technology t ransfer /  specific innovat ion programs shall be 

divided as follows:

a. 60% (sixty percent) of the revenue will go to the Inventor(s); the share of 

each inventor may be decided by the Lead Inventor.  

b. 20% (twenty per cent) would go to NHCE 

c. 10% (ten percent) to FITT and 10% (ten percent) to NHCE R&D for 

promot ion of IPR act ivit ies;  

The share of FITT may be 20% when a project  is init iated and promoted by the efforts 

of FITT. 
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I. Introduction
The word piezo comes from the Greek word piezein, meaning to press
or squeeze. In 1880, Curie brothers found that quartz changed its
dimension when subjected to an electric field and generated electric
charge when pressure was applied. Since then, researchers have found
piezo electric properties in hundreds of ceramic and plastic materials.
Harnessing energy from such piezo based resources and making them
readily available to the end users is one of the prime challenges faced
by designers today. The design flow is listed as follows: identifying the
resource, study of specification of resource under various environmental
conditions & stimulus, studying the attributes of the signal, extracting
output and signal processing. Piezo electric materials are anisotropic in
nature that is their electrical and mechanical responses differ depending
upon the axis of applied electric field, mechanical stress or strain.
Piezoelectricity is a phenomenon[1] which deals with the generation of
electric potential when pressure is applied. The most widely used piezo
material is provskite structured Pb which is extensively used in various
types of electromechanical sensors, actuators and energy generators.
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I. Introduction
Automated Teller Machines (ATM) today have become areas of target
due to their easy and readily available cash at everyone's convenience.
The attacks on ATM's are steadily rising and this is a serious problem for
law enforcement and banking sectors. So there has to be a system
developed and put into place that will make sure the ATM is
safeguarded and also gives customers the confidence when using the
ATM.
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ABSTRACT 

Solar energy technologies are need of the hour due the depletion of the existing conventional energy 

resources. The major advantage of solar energy is the eco friendly nature and abundant availability. 

The problem of harmonics persists everywhere in the power system whenever non linear load or 

static devices are involved. The ultimate goal of the power system to deliver quality power to the 

consumer. The paper describes the novel method of using Shunt active power filter in gird interfaced 

PV system in presence of static loads which exhibit non linearity between voltage and current. This 

system provides VAR compensation and also takes care about harmonics using droop control 

technique. The solar module is connected the power filter, where the DC-DC converter acts an 

interfacing medium.The solar module is combined with an appropriate power tracking algorithm 

which surpases the disadvantages of the usual traditional method. The simulation study shows the 

effectiveness of the proposed system. MATLAB Simulink platform is utilized to demonstrate the 

uniqueness of the proposed system 

I. INTRODUCTION 

The power demand is always behind the electric power supply in ever growing and developing 

country like India. This calls for the essence of the non conventional energy sources  like solar, wind 

,hydro etc. The conventional methods of power generation are taking backstage due to depleting 

nature and preference is given by the Indian government to promote new and alternate energy 

generation methods in sustainable manner. The growth and development of SCR in thyristor family 

generally accounts for extensive use of static equipment. This also leads of the problem of harmonics 

or distortions in the voltage and current waveforms. Another major problem at the load side is the 

watt-less power requirement. The shunt active power filter is generally used in the power system as it 

takes care of both these problems. The main aim of this equipment is that it supplies a current which 

is same as harmonic distorted current in terms of value but anti parallel in direction in order to 

nullify the effect of harmonics. There are various names for Shunt active power filter such as active 

power filter, power filter, active filter, SAPF, APF are predominantly used in this paper. The system 
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considered here is the solar system connected the gird and SAPF mitigates reactive power 

requirement as well as harmonic content. 

 

The AC supply is fed the static load; in this case, it is 

the diode-based rectifier with resistive and inductive 

load,  𝐼𝑆–current of the AC source 𝐼𝐿 - current of the static load 𝐼𝐶– current fed by the shunt active filter for harmonic 

reduction  𝐿𝑆–inductance of the source 𝐿𝐿 – inductance of the load  𝐿1 –inductance of the coupling between load and 

source. 

Here, the shunt APF produced compensating currents of equal in magnitude however contrary in-

segment to those harmonics which are present because of non-linear masses which leads to 

mitigation of harmonics at load modern. Typically, the voltage source inverters (VSI) are used to 

transform the power of the PV device to inject it to the distribution device. However here, the VSI 

act as a multifunctional device that is used for power conversion and also for harmonics elimination 

in addition to reactive electricity repayment simultaneously. This control strategy contains p-q 

answer as in shunt active electricity clear out technique. This control approach is identical as method 

utilized in shunt filter out to reduce harmonics in the distribution network due to non-linear loads 

inside the system. 

 

This paper is prepared as follows  phase II presents evaluation on PV cell, its primary principle, 

connections modeling and effect of temperature and irradiation on PV panel. Segment III defined 

mppt p & o algorithm and its implementation for max power extraction from a PV device linked to a 

DC/DC improve converter and its need in PV energy technology in conjunction with its 

waveforms.Segment IV offers shunt APF design and its manipulate set of rules with implementation 

of shunt APF control method for inverter control. Phase V describes the received simulation 

outcomes and its discussions  section VI presents the conclusion along side scope for further work. 

II. PHOTOVOLTAIC SYSTEMS 

PV cells are made of semiconductor materials, for example, silicon. For sun based cells, a thin 

semiconductor wafer is uniquely treated to shape an electric field, positive on one side and negative 

on the other. At the point when light vitality strikes the sun-based cell, electrons are thumped free 

from the molecules in the semiconductor material. 
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In the event that electrical transmitters are connected to the positive and negative sides, shaping an 

electrical circuit, the electrons can be caught as an electric current - that is, power. This power would 

then be able to be utilized to control a heap. A PV cell can either be roundabout or square in 

development. 

A. Modeling of PV Array 

The building piece of PV exhibits is the sun based cell, which is essentially a p-n intersection that 

straightforwardly changes over light vitality into power: it has a comparable circuit as appeared 

underneath in Figure 3. The present source Iph speaks to the cell photograph current; Rj is utilized to 

speak to the non-straight impedance of the p-n intersection; Rsh and Rs are utilized to speak to the 

natural arrangement and shunt protection of the cell individually. Normally the estimation of Rsh is 

substantial and that of Rs is little, subsequently they might be fail to disentangle the investigation. PV 

cells are assembled in bigger units called PV modules which are additionally interconnected in 

arrangement parallel design to frame PV clusters or PV generators[3].The PV numerical model used 

to disentangle our PV exhibit is spoken to by the condition: 

(1) 

where I is the PV cluster yield current; V is the PV exhibit yield voltage; ns is the quantity of cells in 

arrangement and np is the quantity of cells in parallel; q is the charge of an electron; k is the 

Boltzmann's consistent; An is the p-n intersection ideality factor; T is the cell temperature (K); Irs is 

the cell invert immersion current. The factor An in condition (3.5) decides the cell deviation from the 

perfect p-n intersection attributes; it extends between 1-5 however for our case A=2.46 [3].The cell 

turn around immersion current Irs shifts with temperature as indicated by the accompanying 

condition: 

(2) 
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Where Tr is the cell reference temperature, Irr is the cell turn around immersion temperature at Tr 

and EG is the band hole of the semiconductor utilized as a part of the cell. The temperature reliance 

of the vitality hole of the semi conductor is given by [20]: 

   (3) 

The Iphcurrent which majorily depends on the irradiance factor and temperation of PV cell is given 

by: 

  (4) 

Where Tr is the cell reference temperature, Irr is the cell turn around immersion temperature at Tr 

and EG is the band hole of the semiconductor utilized as a part of the cell. The temperature reliance 

of the vitality hole of the semi conductor is given by [20]: 

 (5) 

The current to voltage graph for a sun based cluster is 

non-straight, which makes it hard to decide the MPP. 

The Figure underneath gives the trademark I-V and P-V 

bend for settled level of sun powered light and 

temperature 

            Figure 4 I-V and PV curves  

III. MAXIMUM POWER POINT TRACKING SYSTEM 

 

Most extreme power point following is a basic piece of a photovoltaic framework. Photovoltaic 

frameworks have a particular working point that gives greatest power. A MPPT effectively looks for 

this working point. Most extreme Power Point Tracking, regularly known as MPPT, is an electronic 

game plan that discover the voltage (VMPP) or current (IMPP) routinely at which a PV modules 

should work to accomplish the greatest power yield (PMPP) under quickly changing ecological 

conditions. It works the PV modules in a way that allows the modules to produce all the power they 

are prepared to do.  

 

Sunlight based light that hits the photovoltaic modules has a variable character contingent upon the 

scope, introduction of the sun oriented field, the season and hour of the day. Over the span of a day, a 

shadow might be thrown on the cell that might be predicted, as on account of a working close to the 
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sun based field or unforeseeable as those made by mists. Likewise the vitality delivered by each 

photovoltaic cell relies upon the light and temperature. From these contemplations, the need to 

distinguish moment by moment that specific point on the V-I normal for the PV generator in which 

there is the greatest measure of energy exchange to the matrix happens. The created vitality from PV 

frameworks must be amplify as the proficiency of sun oriented boards is low. Hence to get the most 

extreme power, PV framework is more than once furnished with greatest power point (MPP) tracker. 

A few MPP interest procedures are proposed and executed as of late. 

In light of the approach utilized for age of the 

control motion and in addition the PV framework 

conduct around the enduring state conditions, they are 

generally ordered into the accompanying gatherings: 

1. Offline methods 

 Open circuit voltage (OCV) method  

 Short circuit current method (SCC) 

 Artificial intelligence 

2. Online methods 

 Perturbation and observation method (P&O) 

 Extremum seeking control method (ESC)                                Figure 5 Need of MPPT 

 Incremental conductance method (Inc Cond). 

3. Hybrid methods 

A. Perturb and Observe (P&O) 

The most generally utilized MPPT calculation is P&O strategy. This calculation utilizes 

straightforward criticism course of action and minimal measured parameters. In this approach, the 

module voltage is intermittently given a bother and the relating yield control is contrasted and that at 

the past irritating cycle. In this calculation a slight irritation is acquaint with the framework. This 

annoyance causes the energy of the sunlight based module different. In the event that the power 

increments because of the annoyance then the irritation is proceeded a similar way. After the 

pinnacle control is achieved the power at the MPP is zero and next moment diminishes and 

henceforth after that the irritation inverts.  

 

At the point when the steady condition is arrived the calculation wavers around the pinnacle control 

point. Keeping in mind the end goal to keep up the power variety little the annoyance estimate is stay 

little. The strategy is progressed in such a style, to the point that it sets a reference voltage of the 

module relating to the pinnacle voltage of the module. A PI controller at that point demonstrations to 

exchange the working purpose of the module to that specific voltage level. It is watched some power 

misfortune because of this bother additionally the neglects to track the most extreme influence under 
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quick changing barometrical conditions. However, remain this method is exceptionally well known 

and straightforward. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The flow chart of the P&O algorithm 

IV. SHUNT ACTIVE POWER FILTER WITH PV SYSTEM 

A Shunt Active Filter (SAPF) is the bidirectional current converter with six switches having mix of 

both exchanging system and channel parts. Structure of this power channel is reliant on the control 

system of VSI having a capacitor with the end goal of DC vitality stockpiling and the inverter yield 

has been associated with Non-direct load having diode rectifier connect with a RL-stack. In each of 

the switches the diodes are associated in against parallel game plan with the IGBTs to allow current 

stream in either bearing. For pay of responsive power the PV interconnected shunt APF infuses 

genuine PV energy to a conveyance line at PCC and furthermore diminishes symphonious in stack 

streams caused by nonlinear loads by infusing repaying current. This channel is associated in shunt 

that implies in parallel with the nonlinear load. This dynamic channel has capacity of distinguishing 

the consonant streams caused by the nonlinear loads and after that infuses a current of equivalent 

greatness and inverse in stage with the non-direct load current which is called remunerating current 

to diminish the music show in stack ebbs and flows because of Non-straight load. Subsequently, the 

subsequent current is in type of a basic recurrence sinusoidal current which is attracted at PCC 

conveyance nerwork. 

 

A Shunt APF generally consists of the following Blocks:  

і) IGBT based voltage source inverter (VSI)  
ii) DC energy storage  

iii) Active control unit  

1p–q theory Based Control 
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Akagi et al in 1983 [3] created P-Q hypothesis or "immediate active-reactive  Power hypothesis" for 

controlling the dynamic channels. This can be accomplished by changing the voltage and load 

current into α-β co-ordinates. 

 

 

 

 

 

 

 

 

 

Fig.7 PV system connected to a Shunt APF 

 

V. SIMULATION RESULTS 

A. Conventional Simulation Circuit 

Fig 9 Conventional Simulation Circuit 

 

(i) Case Study for Balanced and unbalanced load: 

To analyze the performance of the proposed system 

under balanced and unbalanced load conditions, 

source voltage as well as source current is set as 

sinusoidal but not in phase. The SAF is required to 

compensate the reactive power only. At t=0.05 to 

0.4, the inverter is switched on. At this instant the 

inverter starts injecting the compensating current so 

as to compensate the phase difference between the 

source voltage and current. The supply current is the sum of load current and injected SAF output 
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current. During the initial period, there is no load deviation in the load. Hence, the programmable 

three-phase AC voltage source feeds the total active power to the load. Figure 7.shows the waveforms 

of (a) Grid Current, (b) Load Current, (c) Inverter current. The real power generated from PV system 

is supply to the load required demand. 

 
Fig 11 Grid, Load, Filter Current waveforms (Filter on from 0.05 to 0.4) 

 

Amid the uneven load condition, the transient load current changes happen. The Active Power 

channel is exchanged on at time between t = 0.05 to 0.4. From figure 11 it is watched that the Grid 

current is twisted from t= 0 to 0.05. At 0.05 channel is exchanged on then the current wavers at 0.05 

and it balances out at 0.1 and again the network current gets mutilated because of the turn off of 

channel at 0.4 

 

 
Fig 12 Conventional Circuit THD analysis without filter (16.03%) 
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The Active Power channel reacts to the present transient and infuses a responsive energy of to 

reestablish the receptive energy of the heap. The outcomes affirm the great dynamic execution of the 

APF for a fast change in the heap current. The FFT of the matrix current prior and then afterward 

pay is done. The present THD is decreased from 16.03% to 2.93% as appeared in Fig.14. 

 

 
Fig 13 Grid, Load, Filter Current waveforms (Filter on from 0.05 to 0.4) 

 

 
Fig 14 Conventional Circuit THD analysis with filter (2.93%) 
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Fig 15 Proposed Method Grid, Load, Filter Current waveforms (Filter on from 0.2 to 0.4) 

 
Fig 16 Proposed Circuit THD analysis with filter (1.91%) 
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generation for the VSI. This inverter control is connected at the PCC to get the sinusoidal load 

current. The load current previously, then after the fact inverter control application is finished by 

Simulink and the waveforms demonstrates the impact of inverter control, where the outcome after 

inverter control is practically sinusoidal with less harmonic percentage. For the THD examination of 

load current prior and then afterward the inverter control method application, on the SIMULINK 

page FFT investigation alternative in the powergui is picked which brings about THD level of the 

load current previously, then after the compensation. Subsequently, it is seen that in the event of 

inverter control method add up to consonant mutilation in stack current is 13.69% preceding inverter 

control and it diminishes to 2.86% after inverter control and furthermore network current is in same 

stage with gird voltage that is solidarity unity power factor(UPF) happens. So inverter assumes a 

novel part to control the harmonics  and VAR compensation to give just real power at the PCC of the 

distribution framework. Consequently, it can be inferred that by utilization of Shunt APF the sounds 

due to a non-linearity of load is remunerated to an extensive incentive to give sinusoidal yield 

current of various of sinusoidal in nature  and furthermore VAR compensation is achieved to give just 

real power at the distribution system framework. 
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ABSTRACT 

 

The study deals with the evaluation of tensile properties of eutectic, hypereutectic and super 

eutectic aluminium alloy under various heat treated conditions. Pistons are produced from cast or 

forged, high-temperature resistant aluminium silicon alloys. There are three basic types of 

aluminium piston alloys. The standard piston alloy is a eutectic Al-12%Si alloy containing in 

addition approx. 1% each of Cu, Ni and Mg. Special eutectic alloys are also evaluated for improved 

strength at high temperatures. Hypereutectic alloys with 18 and 24% Si provide lower thermal 

expansion and wear, but have lower strength. The tensile and impact properties are evaluated for 

all the conditions of eutectic, hypereutectic and special eutectic aluminium alloys. The 

experimentation is carried on a bench tensometer and on Izod and Charpy Impact testing 

machine. The properties are evaluated for various heat treated conditions like operating 

temperature, quenching conditions, annealing conditions. It is concluded that based on the 

impact and tensile properties, type of material can be selected as the piston material. 

Keywords : Eutectic, Hypereutectic and Special Eutectic Al Alloy, Heat treated, Wear properties

 

INTRODUCTION 

 

Pistons are produced from cast or forged, high-temperature resistant aluminium silicon alloys. 

There are three basic types of aluminium piston alloys. The standard piston alloy is a eutectic Al-

12%Si alloy containing in addition approx. 1% each of Cu, Ni and Mg. Special eutectic alloys have 

been developed for improved strength at high temperatures. Hypereutectic alloys with 18 and 

24% Si provide lower thermal expansion and wear, but have lower strength (see tabled property 

data on the following pages). In practice, the supplier of aluminium pistons use a wide range of 

further optimized alloy compositions, but generally based on these basic alloy types. The majority 

of pistons are produced by gravity die casting. Optimized alloy compositions and a properly 

controlled solidification conditions allow the production of pistons with low weight and high 

structural strength. Forged pistons from eutectic and hypereutectic alloys exhibit higher strength 

and are used in high performance engines where the pistons are subject to even high stresses. 

Forged pistons have a finer microstructure than cast pistons with the same alloy composition. The 

production process results in greater strength in the lower temperature range. A further 

advantage is the possibility to produce lower wall thicknesses - and hence reducing the piston 

weight. Also aluminium metal matrix composite materials are used in special cases. Pistons with 
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Al2O3 fibre reinforced bottoms are produced by squeeze casting and used mainly in direct 

injection diesel engines. The main advantage, apart from a general improvement of the 

mechanical properties, is an improvement of the wear behaviour [5].  

 

Depending on the silicon concentration in the alloy and the cooling conditions, the structure of 

the casting will essentially comprise mixtures of aluminium grains, silicon crystals and aluminium 

silicon eutectic as well as various intermetallic phases formed from other alloying additions 

(Mg2Si, CuAl2).  The aluminium grains can grow very large however, under slow cooling 

conditions, such as in sand castings or heavy sections, and this can lead to poor casting and 

mechanical properties. 

 

The system Al-Si alloy 

 

Among commercial aluminium casting alloys those with silicon as the major alloying element are 

the most important, mainly because of their excellent casting characteristics. Additions of Si to 

pure aluminium impart high fluidity, good feeding characteristics, low shrinkage and good hot 

cracking resistance [1]. The properties of aluminium-silicon alloys make them very popular in 

various applications including the automotive, aerospace and defence industries. The high 

strength to weight ratio is one of their most interesting characteristics [2].  

 

As the density of Si is 2.3 g/cm3, it is one of the few elements which may be added to aluminium 

(2.7 g/cm3) without loss of weight advantage [3]. Aluminium-silicon alloys that do not contain 

copper additions are used when good cast ability and good corrosion resistance are needed. 

Magnesium can act as a substitute for copper. Magnesium and silicon can form the intermetallic 

hardening phase Mg2Si which precipitates in the α-aluminium matrix and increases the yield 

strength [4]. 

 
Fig.1-Equilibrium binary Al-Si phase diagram 

Wear is related to interactions between surfaces and more specifically the removal and 

deformation of material on a surface as a result of mechanical action of the opposite surface. The 

need for relative motion between two surfaces and initial mechanical contact between asperities 
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is an important distinction between mechanical wear compared to other processes with similar 

out come [5]. 

Additionally, most modern pistons contain a large amount of silicon. Silicon is added to the 

aluminum because the resulting alloy is more resistant to wear and expansion than an alloy that 

doesn't contain silicon. 

Heat Treatment is often associated with increasing the strength of material, but it can also be used 

to alter certain manufacturability objectives such as improve machining, improve formability, 

restore ductility after a cold working operation. Thus it is a very enabling manufacturing process 

that can not only help other manufacturing process, but can also improve product performance by 

increasing strength or other desirable characteristics. [6][7] 

The specific amount of silicon added to the aluminum ranges from 9-18%. At percentages below 

12%, whatever silicon that is added to the aluminum dissolves into the solution. Once you reach 

12% (or thereabouts), the aluminum alloy become saturated with silicon. This specific point is 

called the saturation point, and any silicon added after the saturation point will not dissolve in the 

finally aluminum alloy [8]. Instead, this excess silicon will form a hard precipitate that remains 

separate from the aluminum. 

An aluminum alloy that is sutured with silicon is known as "eutectic." When the alloy contains 

silicon at a percentage that is less than saturated, it's called "hypoeutectic." When the alloy 

contains more silicon that then saturation limit, it's called "hypereutectic." 

The characteristics of pistons in each of these categories are very distinct. Hypereutectic alloys are 

stronger, resist scuffing and seizure, and reduce groove wear and cracking of the crown at 

extremely high temperatures. They're also very resistant to expansion, because the high 

percentage of silicon essentially "insulates" the piston from the effects of heat. 

Hypereutectic designs also allow for decreased distance between ring grooves, which improve the 

"seal" between the rings and the cylinder wall and improves efficiency. Finally, because 

hypereutectic pistons don't expand or contract, they're ideal for modern engines with tight 

clearance requirements. Generally speaking, modern engines use pistons made from a 

hypereutectic aluminum alloy. 

If there is a downsides to hypereutectic pistons, it's that they're brittle compared to forged 

pistons. Therefore, forged pistons are more forgiving of extreme conditions (like those found in a 

race car), and they give you a greater margin of error when dealing with timing problems, as 

detonation is less likely to destroy a forged piston than a hypereutectic cast piston. 

Table 1 shows the mechanical properties of piston alloys at various temperatures and table 2 

shows the physical properties of piston alloys [9]. 



CSEIT184505  | Published - 14 April 2018 | March-April-2018 [ (4 ) 5 : 41-49] 

International Conference on New Horizons in Science Engineering Technology (NHSET-2018) 

International Journal of Scientific Research in Computer Science, Engineering and Information Technology 

© 2018 IJSRCSEIT | Volume 4 | Issue 5 | ISSN : 2456-3307 

 

43 

 

Table-1 Mechanical properties of piston alloys 
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Table-2 Mechanical properties of piston alloys 

 
 

EXPERIMENTAL DETAILS 

 

Tensile Test 

 

A tensile test also known as tension test is the fundamental type of mechanical test that can be 

performed on material [18]. The specimen is subjected to a continuously increasing tensile force 

while simultaneous observation is made on the elongation of the specimen. The maximum 

conventional stress that can be sustained by a material is called tensile strength. 

 

The test was conducted on the Bench Tensometer. A Tensometer is a device used to evaluate the 

Young’s modulus (How much it stretches under strain) of a material and other properties of 

materials, such as tensile strength [12]. It is loaded with a sample between 2 grips that are either 

adjusted manually or automatically to apply force to the specimen. The machine works either by 

driving a screw or by hydraulic ram. The latter have the great advantage of being able to create 

much more complex loading patterns, such as the cyclical loads needed for measurement of 

fatigue strength. Figure 2 shows the bench Tensometer. The tensile specimen is as shown in figure 

3. 
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Fig.2 Bench Tensometer 

11 10 10 11
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Fig.3 Tensile specimen 

Impact Test 

Impact test is a standardized high strain rate test which determines the amount of energy 

absorbed by a material during fracture. The absorbed energy is a measure of a given material 

toughness and acts as a tool to study temperature depended brittle-ductile transition. It is widely 

applied in industry, since it is easy to prepare and conduct, and hence results can be obtained 

quickly and cheaply. But the major disadvantage is that all results are only comparative.  

Impact resistance is one of the most important properties for a part designer to consider, and 

without question, and the most difficult to quantify. The impact resistance of a part is into many 

applications, a critical measure of a service life.  

 

 

Types of impact tests 

The two basic impact tests are: 

1. Izod (Cantilever) Test 

2. Charpy (Beam) Test 

Izod (Cantilever) Test 

Izod impact strength testing is an ASTM standard method of determining impact strength. A 

notched sample is generally used to determine impact strength. Izod test specimens vary 

depending on the type of material being tested. Metallic samples tend to be square in cross 

section, while polymeric test specimens are often rectangular, being struck parallel to the long 

axis of the rectangular [7]. Izod test sample usually have a V-notch cut into them, although 

specimens with no notch is also used on occasions. 
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Charpy (Beam) Test 

The charpy test is also known as charpy V-notchtes, is standard high strain rate test which 

determines the amount of energy absorbed by a material during fracture. This absorbed energy is 

a measure of given material’s toughness and acts a tool to study temperature -dependent brittle- 

ductile transition. It is widely applied in industry, since it is to prepare and conduct and results 

can be obtained quickly and cheaply. But a major disadvantage s that all results are only 

comparative. 

The test was developed in 1905 by the French scientist Georges Charpy. It was pivotal in 

understanding the fracture problem of ship during the Second World War. It is used in many 

industries for testing and building construction materials used in the construction of pressure 

vessels bridges and to see how storms will affect materials used in buildings. Figure 4shows the 

Charpy Impact tester. Figure 5 shows the impact specimen.  

The specimens of the required dimensions are prepared as per ASTM standards and a V-notch is 

made in the center. The specimen is placed on the Charpy impact tester. The pendulum is made 

to fall from the required height and the specimen is fractured. The angle of pendulum travel is 

noted down. The impact strength is calculated.  

 
Fig.4 Charpy Impact tester 

 
Fig.5 Impact specimen 
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RESULTS AND DISCUSSION 

The tensile test is carried out on a bench Tensometer. The specimens are loaded onto the 

Tensometer. Firstly the elongation gauge used to measure the percentage elongation was set 

according to the gauge length of the specimen. 

 

Before pulling the test piece, it is laid in the cradle, the pivoted arm is moved to the left slide 

before the arm reading is zero. The left slide is then locked. 

 

The specimen is held using specified shackles and the test is conducted until failure of the 

specimen. The load reading is noted down from the scale. Figure 6 shows the graph of ultimate 

tensile strength. Table 3 shows the UTS values. As the solution temperature is increased above the 

saturated solution temperature, the material losses its ductility, hence the UTS values decreases as 

the temperature variation is carried out and also decreases as aging time is varied and also same as 

in the case of quenchant variation.  

 

Table 3 The Ultimate Tensile Strength 

 

Variations UTS (MPa) 

A 75.8 

H1 237.9 

H2 214.3 

H3 186.3 

G1 222.3 

G2 192.2 

G3 217.3 

J1 187.9 

J2 171.7 

J3 89.4 
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Fig.6 Graph of ultimate tensile strength of AA 7075 alloy 

 

The impact test was carried out using Charpy Test. The pendulum is lifted to its upper position, 

and the pointer is made to touch the pendulum. The initial reading is set to zero. The specimen is 

mounted on the anvil using the template with the notch facing away from the striker edge of the 

pendulum. The specimen is fractured by the releasing of pendulum. Table 4 shows the values of 

fracture energy and impact strength. 

 

Length of the pendulum – r- 0.825ms 

Angle of fall - α- 160° 

Weight of the pendulum - w- 91.875N 

Impact velocity – sqrt (2*g*r (1- cos (160))) - 6.169m/s    

Area – 96mm2  

Table 4 The values of fracture energy and impact strength 

Variations Angle of rise, β° Fracture energy, U=w*r 

(cosβ-cosα) N-ms 

Impact strength, K=U/A 

A 126 26.67 48.84E3 

H1 118.3 35.29 64.63E3 

H2 115 39.19 71.77E3 

H3 123.3 29.61 54.23E3 

G1 126.3 26.35 48.26E3 

G2 125 27.75 50.82E3 

G3 124 28.84 52.82E3 

J1 127 25.61 46.90E3 

J2 125 27.75 50.82E3 

J3 123.3 29.61 54.23E3 
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As the solution temperature is increased above the saturated solution temperature, the material 

losses its ductility, hence the impact strength values decreases as the temperature variation is 

carried out and increases as the aging time is varied and also same as in the case of quenchant 

variation.  

Figure 7 shows the graph of impact strength of AA 7075 alloy. 
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Fig.7 Graph of impact strength of AA 7075 alloy 
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Abstract 

Solution combustion based nanosize chromium oxide nanoparticles blended PVA/Cr2O3/ NaCl nanocomposite thin films of 
various weight percentages were synthesized using solvent cast method. The FTIR and SEM results are in confirmation with 
XRD results indicating the formation of nanocomposites. Positron Life time spectroscopy (PALS) are used for the 
microstructural characterization in the (PVA)/ Cr2O3 /NaCl polymer nanocomposites. The PALS results show that the free 
volume size and o-Ps lifetime (τ3) increases up to 4 wt% decreases after 6 wt%   The decreased o-Ps lifetime (τ3)   indicates the 
inhibition of o-Ps formation upon incorporation of Chromium Oxide nano particles into PVA matrix 
 
© 2016Elsevier Ltd. All rights reserved. 
Selection and Peer-review under responsibility of International conference on materials research and applications-2016.   

Keywords: Solution combustion method; Nanocomposites; PALS 

1. Introduction 

  Polymer nanocomposites recurrently show physical and chemical properties perilously distinct from 
conventional composites. Also polymer nanocomposites prepared by dispersion of metal oxide nanoparticles in  
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pristine polymer matrix present remarkable   properties, which notably depend on the size, morphology and 
distribution of the ensuing nanoparticles [1-5]. The incorporation of nano-fillers (of 0.1-200nm size) can increase the 
toughness, cross link, and dimensional stability of polymeric materials. Polymers filled with several inorganic 
compounds such as Zn, Al, Fe, SiO2 and Carbon black etc., have been extensively studied by the many researchers 
[6-8].  

Solution combustion synthesis [9-12] is a versatile, simple and rapid process, which allows effective synthesis of 
a variety of nanosize materials. This process involves a self-sustained reaction in homogeneous solution of different 
oxidizers and fuel. Combustion synthesis provides molecular level of mixing and high degree of homogeneity, short 
reaction time that leads to reduction in crystallization temperature and prevents from segregation during heating; it is 
easy to control the stoichiometry and crystallite size [13]. Combustion method is a low temperature synthesis 
technique that offers a unique mechanism via a highly exothermic redox reaction to produce oxides. In our current 
study ecofriendly, water soluble polymer PVA was chosen as the host polymer and chromium oxide nanoparticles 
was dispersed in the polymer matrix as additives.  The inorganic salt sodium chloride was used as spacer to prevent 
agglomeration of the nanoparticles and to facilitate uniform dispersion of nanoparticles in the prepared polymer 
nanocomposites. 

The interfacial interactions between the host polymer and nanomaterials  is accountable for  distinguished 
properties of the polymer nanocomposites through free volume size and distribution[14].Positron Absorption Life 
Time Spectroscopy furnish information about the  free volume size, density and size distribution in the polymer 
nanocomposites. In the present study, we present the experimental investigations on Poly vinyl alcohol/Chromium 
oxide nanocomposites by making use of one of the well-established techniques viz., Positron Annihilation Lifetime 
Spectroscopy (PALS). 

 

2. Experimental 

2.1. Materials  

PVA of molecular weight (~ 60kDa) was obtained from Fischer Scientific India with degree of hydrolysis 85-89 
cSt ;Viscosity 35-50 cSt. Chromium Nitrate from NICE chemicals, Kerala, India. Since reagents and chemicals were 
of analytical grade; they were used without purification. 

 
2.2. Synthesis of Chromium Oxide nanoparticles 

 

The starting chemicals used were of analytical grade Chromium nitrate (Cr(NO3)2·6H2O) and oxalyl dihydrazide 
(C2H6N4O2; ODH). The ODH was used as a fuel, which was prepared in the laboratory. An aqueous solution 
containing stoichiometric amounts of Chromium nitrate Cr(NO3)2·6H2O   and ODH in 2:1 ratio were taken in a Petri 
dish. Then the Petri dish is introduced into a pre heated muffle furnace maintained at 300 ± 100C. The reaction 
mixture undergoes thermal dehydration and ignites at one spot with liberation of gaseous products such as oxides of 
nitrogen and carbon. 

 
2.3. Preparation of Nanocomposite films     

  

 PVA/NaCl/Cr2O3 Nano composites were prepared by solution casting method. PVA was dissolved in distilled 
water by heating at 600 C for 16 h under stirring . This was used as stock solution 0 wt% .The blends with varying 
amounts viz., 2wt%,4wt% 6wt% and 8 wt%  were prepared by stirring the composition  of the blends for 30 min. 
The PVA/ Cr2O3/NaCl blend solution was casted on to a cleaned glass plate and dried at room temperature. 
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2.4. XRD studies 

 

X-ray diffraction pattern were recorded on Rigaku Miniflex II  Diffractometer with Ni filtered, CuKα radiation of 
wavelength 1.542 Å, and a graphite monochromator. The scattered beam from the sample was focused on to a 
detector. The specifications used for the recording were 30 kV and 15 mA. The sample was scanned in the 2θ range 
of 80 to 800 with a scanning step of 0.020. 

 
2.5. FTIR Measurements 

 

The Fourier Transformation Infrared Spectroscopic measurements were performed on Perkin Elmer version 
10.03.09 FTIR instrument with a resolution of 4 cm-1 over the spectral range of 4000 – 400 cm-1 in absorbance 
mode. 

 
2.6. Scanning Electron Microscopy 

 

The Surface morphology of the prepared nanocomposites films were studied by Scanning Electron Microscopy. 
The SEM of blend films with different weight percentages were recorded by Hitachi Scanning Electron Microscope 
SU3500, Japan at 15 kV. 

 
2.7. Positron annihilation lifetime measurements 

 

The Positron annihilation lifetime spectra of the prepared polymer nanocomposites were recorded using positron 
lifetime spectrometer.  The o-Ps lifetime (τ3) is related to the free volume hole size by a simple relation [15], which 
was developed on the basis of theoretical models originally proposed by Tao for molecular liquids and later by 
Eldrup et al [16].  

3. Results and Discussion 

3.1. XRD Studies 

 

The strongest XRD peaks as shown in Fig.1. (a) were detected corresponding to Bragg angles 24.070, 33.250 
,36.050 ,41.260 ,49.930,54.630,63.320,64.740,72.480 ,76.450 respectively. All the diffraction peaks were readily 
indexed to the rhombohedral phase [space group: R-3c (167)] of Cr2O3 (JCPDS card No. 84-312) with a = 4.95 Å 
and c = 13.56 Å. The diffracted patterns are well matched with the literature. The crystallite size was calculated by 
Scherrer’s formula and is found to be approximately 20-40 nm. The XRD pattern does not show impurity peaks of 
other unstable phase indicating the chromium oxide nanoparticles formed are of high purity. The XRD patterns of 
the prepared composite films indicate the shifting of the XRD peaks, towards the lower angles demonstrating   the 
intercalated structure due to the formation of nanocomposites [17, 18]. 

 
3.2. FTIR 

 

Fig.1. (b) FTIR spectrum indicates absorption bands at 568,635, 1633, 2923 and 3428, cm-1 for chromium oxide 
nanoparticles. FTIR spectrum of nanocomposites show that the characteristic absorption bands of 568 cm-1 and 635 
cm-1 which corresponds to metal –oxygen stretching vibration shifts to 535cm-1 and 759cm-1 respectively. Similarly, 
it is observed from the Fig (3) the presence of new bands at 2464 and 2968 cm-1. The band at 2923 cm-1 corresponds 
to stretching vibration of C-H bonds, shifting of bands and new bands are attributed to formation of nanocomposites 
[19, 20].  
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Fig. 1. (a) X-ray diffraction pattern of as-prepared Chromium oxide nanoparticles and Polymer nanocomposites;  

      (b)  FTIR spectrum of as prepared Chromium oxide nanoparticles and Polymer nanocomposites 

  

3.3. SEM 

 

The SEM images are shown in (Fig. 2) (a) exhibit non spherical morphology for Cr2O3 nanoparticles. The SEM 
micrographs of nanocomposites of 2 wt%, 4wt%, 6wt% and 8 wt% are shown in Figure (b)(c)(d) &(e) whereas Fig 
2 (f) shows the distribution at a higher magnification. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2.  SEM images of as prepared Chromium Oxide nanoparticles and of the PVA blended with Cr2O3 nanoparticles and NaCl with various 

weight percentages (a) as prepared Cr2O3 nanoparticles (b)2 wt% (c) 4 wt%  (d) 6 wt% (e) 8 wt% (f) 2 wt% at higher magnification. 

a b 
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3.4. Positron Annihilation Lifetime Spectroscopy 

 

PALS measurements revealed that the free volume properties are strongly affected by the amount and type of 
filler, the free volume size dramatically increases by increasing the filler content [21]. Fig.3. shows the plots of o-Ps 
lifetime (τ3), free volume (Vf). The values of o-Ps lifetime  (τ3) for as received PVA sample are 1.50 ns and From 
the Fig.3. it is observed that the o-Ps lifetime (τ3) increases gradually as a function of Cr2O3 nanoparticles 
concentration and show about 360ps increase from1.50 ns to1.86ns at 4wt% of Cr2O3 nanoparticles. This indicates 
the increase of free volume hole size (Vf) from 54.47Å3 to 84.66 Å3 at 4 wt% of Cr2O3 nanoparticles. And then the o-
Ps lifetime (τ3) decreases gradually as a function of Cr2O3 nanoparticles upto 8wt% which show about 92ps decrease 
from1.860 ns to1.768ns. This indicates the decrease of free volume hole size (Vf) from 84.66Å3 to 76.54 Å3 at 8 wt% 
of Cr2O3 nanoparticles. 

The possible explanation for this increase in free volume hole size (Vf) is as follows: in amorphous polymers, o-
Ps are preferentially formed and localized within the free volume holes; however in semi crystalline polymers, o-Ps 
may be formed within the interfacial free volumes, at vacancy type defects, at the crystalline amorphous interface 
region [22-28] and polymer-inorganic particles interface [29, 30]. As the PALS parameters are average values, 
taking into the account of different dimensions of holes related to the phases and interfaces present in the materials 
the increase of free volume size up to 4 wt% in the PVA/ Cr2O3 nanocomposite is attributed to the formation of 
interface between PVA and Cr2O3 nanoparticles. The decrease in o-Ps lifetime after 6 wt% of Cr2O3 in PVA/ Cr2O3 
nanocomposite is due to the effect of quenching. The formation of Cr2O3 nanoclusters during the addition of higher 
amount of Cr2O3 nanoparticles may quench the o-Ps lifetime [30]. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig 3.  Plots of o-Ps lifetime (τ3) and free volume (Vf) as a function of filler 
 

 
4. Conclusions 
Using a low temperature solution combustion method the Cr2O3 nanoparticles were synthesized and PVA/ 

Cr2O3/NaCl blend films of different weight percentages were prepared using solvent casting method. XRD analysis 
confirms the formation of the Cr2O3 nanoparticles. The XRD confirms the crystal structure and of the formation of 
polymer nanocomposites. The SEM of Cr2O3 nanoparticles shows the non-spherical agglomerated particles. The 
FTIR and SEM results are in concurrence with XRD results which conclude the formation of PVA/ Cr2O3 

nanocompositesThe addition of Cr2O3 nanoparticles creates the interfacial interaction between the surface of 
nanoparticles and polymer matrix and hence increases the o-Ps lifetime in (PVA/ Cr2O3) nanocomposites. 
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Abstract 

This paper reports the structural, diffused reflectance, electrical and luminescence properties of Eu3+ doped GdAlO3 phosphor 

synthesized by combustion method. Synthesized phosphors were calcined at 1000 oC for 3 h in order to get crystallinity. The 

orthorhombic phase was observed in the XRD pattern. The average crystallites size was found to be in the range 25-50 nm. 

Diffuse reflectance spectra were used to determine the bandgap of the phosphor which is nearly equal to 5 eV. 

Photoluminescence (PL) properties of Eu3+ doped GdAlO3 for near ultra violet excitation (395 nm) which exhibit bright red 

emission. Judd–Ofelt intensity parameters, radiative transition rate (AT) and radiative lifetimes (τrad) were evaluated from the 

emission spectrum by adopting standard procedure. Electrochemical properties of the assembled electrodes were studied using 

cyclic voltammetry and electrochemical impedance shows that 3m Eu3+ doped GdAlO3 has low charged transfer resistance. 

© 2017 Elsevier Ltd. All rights reserved. 
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1. Introduction 

In recent years, there has been great attention focused on white-light-emitting diodes (WLEDs) due to their 

merits of energy saving, high energy efficiency, environmental friend- liness, and long operation time compared to 

conventional incandescent and fluorescent lamps [1−6]. The traditional method used to obtain WLEDs is to combine 

a GaN blue LED chip with yellow phosphor YAG:Ce3+; however, the deficiency of red emission results in low 

color-rendering index (CRI < 80) and high correlated color temperature (CCT > 7000 K), which are important 

parameters for its application. In order to improve its luminescence properties, many efforts have been made [7−12] 

but it is still a challenge. Another useful way to achieve a high CRI includes the mixing of tricolor  WLEDS 

consisting of ultraviolet (UV) LED with red, green, and blue (RGB) phosphors, while   the high expenses, the trade-

off luminescent efficiency, the fluorescence re absorption, and the different attenuation situation of tricolor 

phosphors after being used for a period of time have become the problems. Therefore, to pursue efficient WLEDs, 

single-component phosphors assembled with UV and near-UV LEDs chips have attracted a large amount of interest 

for both fundamental research and practical applications.  

             Gadolinium aluminates are also commonly used, when compared with yttrium aluminates they show 

higher optical absorption cross-section and more intense emission. Also, they can be favorable for scintillation 

detection because they have shorter optical stopping length for high-energy radiation photons than yttrium 

aluminates (due to the heavier atomic weight of Gd compared to Y). GdAP, gadolinium aluminum perovskite 

crystallize in orthorhombic crystal structure with space group Pbnm. It is well known as chemically stable as 

suitable host for replacing with rare earth (Ce3+,Nd3+,Er3+,Eu3+,Tb3+,Sm3+ and Dy3+) activators [13–20].  

              Among the RE3+ ions, Eu3+ deserves extensive research due to possible applications in laser devices since 

they  present a narrow and intense red emission band due to the 5D0-7F2 transition. Among the possible host materials, 

phosphate glasses are suitable for RE3+ ions doping due to their good structural properties such as relatively low phonon 

energy when compared to other glasses, good moisture resistance, chemical and physical stability, low refractive index 

and high transparency in the near infrared spectral region, coupled with low production cost [21]. 

          In this paper we are reported structural, electrical conductivity, bandgap and Judd–Ofelt intensity 

parameters of GdAlO3 doped with different mole concentration of Eu3+ which is synthesised by combustion method. 

2. Experimental Procedure 

For the preparation of GdAlO3:Eu3+[1-11mol%],  gadolinium nitrate[Gd(NO3)3], aluminum nitrate[Al(NO3)2
 ] and 

Laboratory prepared Oxalyl dihydrazide (ODH: C2H6N4O2)and dopant was added in the form of nitrate Eu(NO3)2which 

was dissolved in a minimum quantity of doubled distilled water in a petridish and mixed thoroughly using magnetic 

stirrer for about 10 min. The stoichiometry of the redox mixture used for the combustion synthesis was calculated 

based on the total oxidizing and reducing valences of the compounds [22].The petridish containing the heterogeneous  

mixture was kept into a muffle furnace maintained at 400 ± 10 0C. Initially the solution boils and undergoes 

dehydration.  The mixture gets decomposed, resulting in the liberation of large amounts of gases (usually CO2,H2O and 

N2). A flame appeared on the surface of the foam and proceeded rapidly throughout the entire volume, leaving a white 

powder with an extremely porous structure . Finally a foam type product was left behind in the petridish. The product 

was crushed into a fine powder using pestle and mortar. These powders were calcined at 10000 C for 3 h. The balanced 

chemical equation assuming the complete combustion of the redox mixture, can be written as 

5 Gd(NO3)3 + 5 Al(NO3)3 + 5 Eu(NO3)2 + 21 C2H6N4O2  → 5 GdAlO3:Eu3++ 42 CO2 + 63 H2O  

                                                                                                      + 62 N2       (1)             

3. Results and discussion   

3.1. Structure and Phase Identification of Gdalo3:Eu3+     

From our previous report in Ref. [23] it is already established that the XRD pattern of the prepared phosphors 

were well matches with JCPDS file No. 46- 0395 of GdAlO3 and indicated the presence of an orthorhombically 
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distorted perovskite structure with the lattice parameter a = 5.25A0, b = 5.3A0 and c = 7.446A0. The average 

crystallite size (D) was found to be in the range 15-25 nm. Rietveld refinement analysis (figure1)was performed by 

using FULLPROF software[24]. In figure 1 the line marks below the patterns represent the positions of all possible 

Bragg reflections. The lower solid line represents the difference between the observed and calculated intensities. 
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Fig. 1. PXRD experimental data, Rietveld refinement and identified crystalline phase. 

SEM images shows particles were porous, agglomerated and irregular shaped in nature shown in( fig2a&2b). 

Contingent on the sort of fuel and metal particles, the nature of combustion differs from flaming (gas phase) to non-

flaming (smoldering and heterogeneous) type.  The porous nature was inferable from getting away of huge measure 

of gases such as CO2, N2 and H2 during combustion reaction [25].  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  SEM pictures of Eu3+ doped GdAlO3. 

3.2. Optical Studies 

The diffuse reflectance (DR) spectrum of Eu doped GAP phosphor was measured against a reference white 

standard Spectralon using a special arrangement of integrating sphere in the range 200–600 nm as shown in Fig. 3. 

A strong band at 250 nm was observed in the DR spectra  due to charge transfer from O2- to Eu3+. 

      The band gap (Eg) of the samples can be deduced from the UV–vis diffuse reflectance spectra in which the 

Kubelka–Munk function (F(R∞)) was used to convert the reflectance of the sample (Rsample), normalized by the 

reflectance of the reference (Rreference), into an equivalent absorption spectrum. The Kubelka–Munk treatment can be 

written as [26,27]. 
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 ( ) ℎ ∝ (ℎ − )     (3) 

    where R∞= Rsample/Rreference, ‘K’ is the absorption coefficient and ‘S’ is the scattering coefficient, hυ is the 

energy of the incident photon and the exponent, n depends on the type of optical transition caused by the photon 

absorption. In this study, n was chosen for the best fit to 1/2, indicating a direct- allowed optical transition. The 

scattering coefficients are weakly dependent on the energy, and thus F(R∞) can be assumed to be proportional to the 

absorption coefficient within the narrow energy range containing the absorption edge features. 

 

 

Fig. 3. Diffused reflectance spectra of Eu3+ doped GdAlO3,  Fig. 4. Optical energy gap spectra of Eu3+ doped GdAlO3. 

Fig. 4 shows the plot of square of the Kubelka– Munk function multiplied by the photon energy as a function of 

the photon energy. The band gap energy of theEu3+ doped GdAlO3nanophosphors was found to be in the range 4.8–

4.6 eV with respect to the different mol concentration (1-11mol%)here we observed that while increasing mol 

concentration bang gaps decreasing it is due to increasing crystalline size, where as pure GdAlO3 was found to be 

nearly 5.8eVthe corresponding wavelength to be 317nm.This shows the material has to be wide band gap. 

3.3. Judd–Ofelt Investigation  

We already reported excitation and emission spectra of GdAlO3:Eu3+[1-11mol%],  in p,k jisha et.al [23]  in that  

f–f transitions within the Eu3+.4f6 configuration in longer spectral region with 7F0-
5L6 (395 nm) was the most 

prominent group. It shows that the phosphor can be effectively excited by radiations of wavelength in the near-UV 

region; therefore the phosphor can be used for the fabrication of white LEDs and also intensities depend upon both 

odd–even parity state mixing and J–J0 mixing within the 4f-electron state manifold . These two emissions at 591 

and 612nm represent actually the local environment of the Eu3+ ions. 

             The relative PL intensity of the emission peaks depends on the symmetry of the local environment of the 

Eu3+ activator ions, and it can be described in terms of Judd–Ofelt theory . The Judd–Ofelt investigation of the 

emission spectrum is an effective apparatus for computing the parity-forbidden electric-dipole radiative transition 

rates between the different levels of the rare earth particle [28, 29]. The emission intensity (I) can be considered as 

relative to the zone under the emission curve for that transition. Additionally, the intensity will be relative to the 

radiative decay rate of the transition (AT ).[30] 

                                                    I = hcνATN ∝ (Area under the curve) (4) 

  here hcν is the energy separation in the initial and final levels. N is the population of the 5D0level (in case of 

Eu3+) 

           The intra f N transitions are known to have either electric dipole , magnetic dipole or electric quadrupole 

character, or a contribution from more than one of these modes. The order of the contrfbutions shows that the 
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transitions are predominently electric dipole in charactar. The spectral intensity of an induced electric dipole 

transition from the ground state (i) to the excited state (j) is given by    AR(E ) = 64π e ν3h(2J + 1) n(n + 2)9 < U(J) >JΩJ − − − −(5) 

              Where n(n + 2) 9⁄  is the Lorentz local field correction that converts the external electromagnetic field 

into an effective field at the location of the active center in the dielectric medium and n is the refractive index of the 

medium(n=1.9for GdAlO3).  U(J)  are the doubly reduced matrix elements corresponding to the 5D0→7FJ 

[J=2,4]transitions of the Eu3+ ion; e ; the electron charge and ν; the transition energy in cm-1. Neglecting the J–J 

mixing, it is found that, the intensities of the transitions solely depend on the respective matrix elements. The total 

radiative decay rate (AT) value was calculated from the ratio of the sum of the areas under the 5D0→7FJ [J=2,4]] 

transitions∑  , to area under the curve of the 5D0→7F1 transition    =  ∑     (6) 

          The J–O intensity parameters, ΩJ were calculated from the respective AR(E )values as per Eq. (5). The 

values for the reduced square matrix elements U(J)  for the7F2 and 7F4transitions were taken from Rohit Saraf et.al 

[31].The values are 0.0032, 0.0023 respectively. The total radiative life time can be represented as the reciprocal of 

the total radiative decay rate i.e. τrad= 1/AT . The parameters AT,  ΩJ andτrad for the Eu3+ ion in the GdAlO3 host are 

listed in Table 1. Ω2>Ω4 is observed from table which confirm covalancy existing between the Eu3+ions and 

surrounding ligands. 

Table 1. Judd-Ofelt intensity parameters (Ω2, Ω4), radiative transition probability (AT)  

and calculated radiative (τrad) lifetime of GdAlO3: Eu3+ nanophosphors (λex = 395nm). 
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3.4. Cyclic voltammetry Investigation  

The freshly prepared carbon paste electrode was directly used as the working electrode. A typical three-electrode 

experimental cell equipped with a working electrode, a platinum foil counter electrode, and a Ag/AgCl reference 

electrode was used for measuring the electrochemical properties of working electrode and its performance as a 

faradaic supercapacitor. All electrochemical measurements were carried out in 1 mol/L KOH aqueous solution as 

electrolyte. Cyclic voltammetry (CV) and AC impedance were carried out on a CHI604E electrochemical working 

station (CH Instrument) at room temperature. Cyclic voltammetry (CV) is considered to be a suitable tool to indicate 

the capacitive behavior of any material. Fig. 5 presents the CV curves of the 3 mole % Eu3+doped GdAlO3 sample in 

1 M KOH electrolyte at the scan rate of 10 mV s-1. 

 

              The impedance spectra of these electrodes show a depressed two-dimensional figure ensuring charge 

transfer resistance within the high-frequency region, and a slope associated with Warburg resistance within the low-

frequency region [32-34], Fig. 6 presents the electrochemical impedance spectra for electrode  3 mole % Eu3+doped 

GdAlO3. The resistance of electrode with 3 mole % Eu3+doped GdAlO3  is far smaller than that of electrode having 

1, 5, 7, 9 and 11 mole % Eu3+doped GdAlO3, which means that the electrochemical reaction on electrode 3 mole % 

Eu3+doped GdAlO3 precedes a lot simpler than on electrode with other electrodes.   

 

 

Fig. 5. Cyclic voltammogram of 3 mole % Eu3+doped GdAlO3, Fig. 6. AC impedance spectra of 3 mole % Eu3+doped GdAlO3. 

4. Conclusion 

GdAlO3:Eu3+ phosphors have been synthesixed by combustion method. Refined structural and lattice parameters 

are obtain by rietveld refinement analysis. The diffuse reflectance spectra shows the absoption of Eu3+ion in the near 

Uv region.Band gap decrease with ion influence due to the increases in average crystalline size. Judd-oflett intensity 

parameters calculated. Cyclic voltammetry (CV) tool used to measure capacitive behaviorGdAlO3.Resistance of 

electrode with 3 mol % Eu3+ doped GdAlO3 is small. 
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1. (a) Preamble: The need to support business incubation activities 

In tune with the global t rends in higher technological educat ion, New Horizon College (NHCE) encourages 

entrepreneurship among the Faculty, Staff, Research Scholars, and Students. NHCE will direct ly and act ively 

support  the incubat ion of "NHCE Incubated Companies"  by its Faculty/  Staff/ Research Scholars/ Students. Some 

of these companies may be founded based in part  or in full on technologies/ IP developed by the College, or joint ly 

with it  in collaborat ive mode. NHCE may also provide incubat ion support  to external Start -ups with which 

Faculty/ Staff/ Research Scholars/ Students are associated as consultants or mentors. Such external Start -ups may 

somet imes license technology/ IP developed by NHCE a priori. The commercializat ion of advanced technologies 

developed at  the College as a result  of incubat ion will great ly benefit  the College as well as society at  large and will 

contribute to the economic resurgence of our country.

1. (b) Definitions

NHCE M ember(s) (Henceforth called M EM BER): Any permanent  faculty/ staff on duty or on short / long leave, 

research scholars and students having live regist rat ion.

NHCE Incubation Society (Henceforth called -SOCIETY): A Society registered by and in NHCE, under the Societ ies 

Act , for the primary purpose of promot ing and fostering Incubat ion of Start -up companies involving one or more 

NHCE M ember(s), by administering and implement ing NHCE's policies on incubat ion.

NHCE Incubated Company (Henceforth called COM PANY): A registered Company promoted and/ or invested in 

by NHCE M ember(s) singly or joint ly with others, or those incubated by any of the NHCE incubators located in 

NHCE premises or elsewhere, and declared by the SOCIETY as such, or an external start -up declared by the 

SOCIETY as such.

External Start-up (ESU): A registered Company promoted and invested in by non-NHCE M ember(s) and not  

located in the NHCE/ SOCIETY/ lncubator premises.

Incubator: A physical and/ or virtual unit  that  extends various forms of support  for Start -ups and engages in 

specified relat ionships with them on behalf of NHCE and/ or SOCIETY.

2. Types of Start-ups with NHCE involvement

SOCIETY may be act ively involved in pre-incubat ion and incubat ion of a Start -up company promoted by one or 

more M EM BER, or by others.

• M EM BER may promote an NHCE Incubated Company (COM PANY).

• M EM BER can be involved with an External Startup (ESU).

• SOCIETY through its incubators may be involved with a COM PANY or ESU.

3. SOCIETY's Governance Structure

The SOCIETY will have a Governing Council (GC). The GC may have the following composit ion:

• Principal, NHCE- Chairperson.

• Regist rar, NHCE

• Professor-in-charge - an NHCE Professor to be nominated by the Principal, NHCE.

• Dean (R&D), NHCE.

• Dean (Student  Affairs) and/ or Dean (Academics) of NHCE.
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• An external Expert  having a good t rack record in incubat ing companies.

• An external Expert  with experience in IPR and Licensing.

• An external Expert  with experience in Venture Capital/ Private Equity.

• An NHCE faculty member, preferably below the age of 40 and with familiarity of Start -ups and intellectual 

property legal and commercial t ransact ions including Patent ing, Technology Transfer, Licensing.

Except  the ex-officio members, the remaining members will serve for a period of up to three years, and can be re-

appointed for further periods. The Principal, NHCE, will nominate the init ial GC, which will make subsequent  

appointments.

In addit ion to its above members, the GC may invite experts in finance, audit , IPR, and other such areas, to its 

meet ings as needed. It  may also const itute subcommittees including such outside experts for specific tasks when 

needed.

4. SOCIETY's active support to COM PANY

The SOCIETY will carry out  on behalf of the College all dealings with Start -ups direct ly and/ or through its 

incubators. It  will also determine whether a Start -up is to be designated as an "NHCE Incubated Company" 

(COM PANY). SOCIETY will act ively support  the COM PANY with a combinat ion of inputs, which could include:

• Permission to Use Branding in the form of " Incubated By NHCE",

• Advice Pertaining to Legal and Commercial IPR Transact ions,

• Office and Operat ional Space,

• Permission to Use Laboratories, Workshop Facilit ies and Equipment ,

• Logist ics Support ,

• Business M anagement  Advice,

• Networking Support ,

• M entoring,

• Seed-Fund When Possible,

• M onitoring,

as per the prevailing NHCE norms pertaining to all the above.

SOCIETY's act ive support  will be provided nominally for durat ion of three years from the date of formal approval. 

There may be a pre-incubat ion period of at  most  one year. However, on a case-by-case basis, the SOCIETY may 

decide to support  a COM PANY for a maximum period of five years from the date of formal approval, if such 

support  is warranted.

The SOCIETY will govern mult iple Incubators associated with different  const ituents of NHCE. While each 

Incubator will have and enjoy the flexibility and independence it  requires for success in the specific areas of its 

focus, the SOCIETY will ensure a uniform policy of governance.

5. M EM BER's/ SOCIETY's involvement in External Start-up

A M EM BER will be permit ted to involve with an ESU, either on a full- or part -t ime basis as 

promoter/ adviser/ consultant / any other approved role. The M EM BER will be permitted to use specified physical 

and/ or intellectual resources (e.g., workshop equipment , laboratory inst ruments, comput ing resources, and 

assistance of M EM BER) of NHCE as per its prevailing R&D norms. Any such use of NHCE resources will be 

governed by an agreement , which will include the contents, terms and condit ions and other implicat ions of the 

prevailing NHCE IPR Policy.

If a M EM BER makes financial investments in an ESU without :

• making any other cont ribut ion in the form of technical/ managerial consult ing advice, or

• any involvement  of NHCE in the form of any commercial t ransact ions of IP, or

• any use of NHCE facilit ies,

such investments will be t reated as a private matter of the M EM BER. The Society will have no role to play in such 

instances. The M EM BER should however declare this to NHCE in order to avoid any conflict  of interest  situat ion. If 
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the ESU awards a consultancy project  to the M EM BER, the prevailing NHCE rules and regulat ions for consultancy 

projects will apply.

If, however, the M EM BER, and/ or SOCIETY or any of its designated ent it ies, are provided shares in the company as 

compensat ion in part  or full for technical/ managerial consult ing or for any support  extended by M ember, NHCE, 

or the SOCIETY or its Incubators, the M EM BER and/ or SOCIETY may be considered to be involved in the 

incubat ion of the ESU. In such a case, the ESU may seek to be designated as a COM PANY by the SOCIETY. The 

SOCIETY will then take an appropriate decision based on the significance of the role played by the 

M EM BER/ SOCIETY in the ESU.

Only a Start -up formally designated as an "NHCE Incubated Company" by SOCIETY may publicize itself as such. All 

other Start -ups must  desist  from using the name or logo of NHCE in their publicity material in spite of any other 

form of engagement  they may have with NHCE.

6. Rules Governing Intellectual Property (IP)

A M EM BER, while on duty or on leave, may be involved in the creat ion of IP either solely or in associat ion with a 

COM PANY or ESU.

If such IP is created with the involvement  of the M EM BER, then any contract  between NHCE and the Start -up 

specifying the sharing rights for the IP will hold good.

In the absence of such a contractual obligat ion, the prevailing NHCE IPR Policy, rules and regulat ions shall serve as 

the reference in such a context .

In case the M EM BER develops any IP while on leave at  the COM PANY which leverages prior IP developed earlier at  

NHCE, M EM BER must  ensure the prior IP is properly licensed by the COM PANY as described below in Sect ion 

7. Engagement Process

The M EM BER must  begin his/ her engagement  with a COM PANY by submitt ing a proposal through Head of 

his/ her Department / Sect ion to Principal/ Dean (R&D), who will determine the eligibility of the M EM BER to 

engage with a COM PANY or ESU. After ascertaining eligibility, Principal/ Dean (R&D) will forward the proposal to 

the SOCIETY. After the SOCIETY accepts the proposal, the M EM BER will be authorized to perform the act ions 

necessary for pre-incubat ion or incubat ion, including regist rat ion of the Start -up, fund raising, team 

development , product / services development , consult ing, market  research and development , etc.

Prior to embarking on these act ivit ies, an agreement  must  be signed between the concerned COM PANY/ ESU and 

the SOCIETY to establish the mode and nature of involvement  of the M EM BER in the COM PANY/ ESU. Such an 

agreement  is necessary with a COM PANY/ ESU when:

• its shares are given to the M EM BER or the SOCIETY as compensat ion in part  or in full for the M EM BER's 

cont ribut ion, and/ or

• NHCE's technology/ IP is licensed to the COM PANY/ ESU, which wishes to pay for the same in part  or full in 

the form of shares.

As part  of the agreement , the COM PANY/ ESU shall allot  to SOCIETY a certain percentage of its shares, up to a 

maximum of 9.5%. The exact  percentage of shares to be allotted and their dilut ion status will be negot iated based 

upon the est imated value of support / assistance provided by NHCE, SOCIETY and the M EM BER to the 

COM PANY/ ESU

In addit ion, the COM PANY/ ESU must  also enter into an agreement  with NHCE through the Office of the Dean 

(R&D) if

• the COM PANY/ ESU intends to pay cash in part  or in full to NHCE for licensing IPR owned by NHCE

• the M EM BER provides consultancy to the COM PANY/ ESU or undertakes research-based consultancy as 

per R&D norms while on duty.
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7. M odes of M EM BER's engagement with Start-ups (COM PANY or ESU)

(A) Faculty/ Staff Involvement

• Capital Investment: Faculty/ Staff may be involved in the Start -up by providing capital investment  alone 

in return for shares, with no other managerial, technical or mentorship involvement  whatsoever. All 

shares thus allotted can be retained by the concerned Faculty/ Staff, and the t ransact ion is t reated as a 

purely private commercial t ransact ion of no concern to the College. The M ember must  declare this to 

NHCE/ SOCIETY, so as to avoid conflict  of interest  situat ions.

• Sabbatical/ Extra-ordinary Leave (EOL): Faculty/ Staff M EM BER may avail of sabbat ical/  EOL as per the 

prevailing NHCE leave rules and may work full t ime for the COM PANY or ESU. If the compensat ion to the 

faculty/ staff for this is through shares of the COM PANY/ ESU in part  or in full, in lieu of cash payment , the 

M EM BER must  declare the same to the SOCIETY. No compensat ion is due to NHCE as long as the 

involvement  of the M EM BER, for which the compensat ion was paid, completely ceases after the leave 

period.

• Special Additional EOL: In addit ion to the EOL normally allowed, a Faculty/ Staff may be allowed 

addit ional EOL for a maximum period of 12 months for engaging with Start -ups. In such cases, the Start -

up must  compensate NHCE or SOCIETY with an equivalent  of 1.5 t imes the prevailing gross pro-rata 

salary of the Faculty/ Staff for the durat ion of this period in the form of cash and/ or shares.

• Part Time: A Faculty/ Staff member is allowed to part icipate in a Start -up on a part  t ime basis as per 

NHCE consultancy norms with regard to the extent  of t ime spent  on such part icipat ion. The 

compensat ion to the Faculty/ Staff member may be in cash for which NHCE norms for consultancy 

projects will be applicable. Instead, a Faculty/ Staff member is allowed to obtain shares of the Start -up 

company as compensat ion for the engagement  with the company. In such a case, the Faculty/ Staff 

member must  apply for approval for engagement  with the Start -up, and the COM PANY/ ESU must  enter 

into an agreement  with the SOCIETY. In such cases, not  less than 25% of these shares obtained are 

t ransferred to the SOCIETY, and the remaining to the faculty/ staff. The total number of shares of the 

Start -up that  SOCIETY holds at  any t ime should not  exceed 9.5% of the total allotted shares of the Start -

up. In all these cases, the COM PANY/ ESU must  enter into an agreement  with the Office of Dean (R&D) as 

described above in Sect ion 7.

• Flexi-Time/ Retainer M odel: A Faculty/ Staff member is allowed to part icipate in a Start -up on a flexi-

t ime basis as per NHCE consultancy norms/ on mutually agreeable terms with regard to the extent  of 

t ime spent  on such part icipat ion without  affect ing the academic schedules. The compensat ion to the 

Faculty/ Staff member may be in cash for which NHCE norms for consultancy projects will be applicable 

or on any other compensat ion package with mutually agreeable terms and condit ions with due prior 

approval of Principal/ Dean (R&D)/ SOCIETY before engagement . In such a case, the Faculty/ Staff 

member must  apply for approval for engagement  with the Start -up, and the COM PANY/ ESU must  enter 

into an agreement  with the SOCIETY. In all these cases, the COM PANY/ ESU must  enter into an agreement  

with the Office of Dean (R&D) as described above in Sect ion 7.

(B) Research Scholars'/ Students' Involvement

• Full Time: A Research Scholar/ Student  can seek permission from NHCE to take special leave for a 

semester, or an addit ional period for which formal permission is granted by NHCE, to work for a Start -up 

on a fullt ime basis. This may be t reated as withdrawal/  addit ional academic work/ similar to internships 

etc under permission from NHCE for the specified period for which such special leave is formally 

granted. The Research Scholar/ Student , on returning, has to sat isfy all norms (including maximum 

durat ion norms of his/ her respect ive programme of study) in order to earn a degree. If the Research 

Scholar/ student  is compensated by the Start -up in the form of cash and/ or shares he/ she must  assign to 

the SOCIETY 5% of the total cash/ shares allotted to him/ her by the Start -up.

• Part Time: A Research Scholar/ Student  can seek permission from NHCE to work for a Start -up on a part  

t ime basis. The NHCE part -t ime engagement  norms in projects during a semester/ vacat ion period will 

4



apply. If the Research Scholar/ student  is compensated by the Start -up in the form of cash and/ or shares 

he/ she must  assign to the SOCIETY 7.5% of the total cash/ shares allotted to him/ her by the Start -up. In 

this case, the courses that  he/ she registers for will be regulated by the respect ive Faculty Advisor(s) or 

Training and Placement  Department  or RDC/ DC, as applicable.

(C) Role of M EM BER in Start-up

The M EM BER may play an execut ive role/ non-execut ive role in a Start -up depending on whether they will be 

engaged fullt ime or part -t ime. The M EM BER may be involved full t ime only after obtaining permission from the 

College for the appropriate type of leave. The part -t ime engagement  will be as per exist ing NHCE consultancy 

norms. The M EM BER can take up an execut ive role only if they are engaged fullt ime with the Start -up.

8. Conflict of interest

When a M EM BER ut ilizes leave of absence (Sabbat ical/ EOL, or any applicable equivalent ) for direct , act ive 

part icipat ion in a COM PANY / ESU, it  is obligatory that  the concerned Head(s) of Department  be informed at  least  

three months in advance. Shorter not ice needs to be specifically approved by the Head of Department . This is to 

ensure that  the academic programmes of NHCE are not  affected at  any point  in t ime.

It  is essent ial that  the M EM BER must  avoid any conflict  of interest  between their roles in NHCE and in the 

COM PANY/ ESU. This is part icularly important  if there are NHCE resources in their control which are also sought  by 

the Start -up with which they are involved. A similar situat ion arises if they are developing IPR in a research 

act ivity/ project  in NHCE that  is closely related to the IPR they may be developing when on leave and working in 

the Start -up. Another situat ion arises when the relat ive shareholding of the M EM BER and SOCIETY is sought  to be 

changed by infusion of fresh capital in the Start -up by the M EM BER. While such a move could be a bona-fide 

move on the part  of the M EM BER to support  the Start -up, it  could potent ially have a mala-fide mot ive of changing 

the relat ive shareholding pattern prior to some ant icipated upward evaluat ion and infusion of investment  by 

other part ies. Yet  another potent ial conflict  of interest  arises when shares are allotted by a Start -up to a close 

relat ive (spouse, children, and parents) of a M EM BER who is involved with the Start -up.

The SOCIETY will determine the potent ial areas/ act ivit ies where there is conflict  of interest  in the case of each 

M EM BER who applies for approval for engaging with a Start -up, and arrive at  an agreed upon methodology for 

ensuring t ransparency in decision making in respect  of these act ivit ies/ areas. The SOCIETY may, if it  chooses to, 

set  up an - oversight  committee of faculty/ staff for specific relat ionships to ensure that  conflicts of interest  do not  

arise. The SOCIETY may also require the M EM BER to declare their financial interests, and those of their close 

relat ives, in the Start -up, at  the t ime of engagement , as well as whenever a change in such interests takes place 

due to addit ional investment  in the Start -up, or payment / share allotment  by the Start -up. In any case, every 

M EM BER involved with a Start -up must  file a declarat ion periodically with the SOCIETY irrespect ive of whether 

there is a change in their financial interests in the Start -up or not . The required periodicity will be determined by 

the SOCIETY. The SOCIETY reserves the right  to obtain a third-party evaluat ion of the value of the start -up's shares 

before an M EM BER or their close relat ive(s) makes addit ional investments in the Start -up. Such an evaluat ion will 

be carried out  in a reasonable t ime-frame. If the SOCIETY deems it  fit , it  may choose to make an investment  in the 

Start -up of its own at  the same price applicable to the M EM BER and obtain shares for the corresponding amount . 

The SOCIETY reserves the right  to make the acceptance by the Start -up of the addit ional investment  by the 

M EM BER or their close relat ive(s) condit ional on the acceptance of the corresponding addit ional investment  by 

the SOCIETY.

In case a member of the SOCIETY Governing Council has shares in a COM PANY, the Governing Council will 

determine whether the said member should resign from the Council, in order to avoid potent ial conflict  of 

interest , or only recuse himself/ herself when matters pertaining to the Start -up with which he/ she is involved are 

discussed.

9. Withdrawal of Support

NHCE reserves the right  to withdraw its support  to any Start -up that  it  engages with, following a due process of 

not ice. This may involve withdrawal of access to NHCE's facilit ies, and/ or withdrawal of permission to M EM BER to 

engage further with the Start -up in any manner, though they and the SOCIETY can cont inue to hold the shares 
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they already possess in the Start -up. It  will also involve withdrawal of the status of the Start -up as a COM PANY, 

from which point  the Start -up will be required to desist  from advert ising itself as such thereafter.

Should the need arise; the SOCIETY may also seek modificat ions to the agreement  signed with the Start -up 

through an amendment , in order to protect  NHCE's fair name and its interests.

10. Protection of NHCE's Fair Name

When a Start -up is designated as a COM PANY, it  is permitted to advert ise itself as such wherever such 

advert isement  is appropriate. However, such advert ising carries with it  the risk that  in case the COM PANY 

indulges in improper behavior or dealings, NHCE's fair name will be tarnished by associat ion with the COM PANY. 

In order to protect  itself from such risks, NHCE, through the SOCIETY, may seek a seat  on the Board of the 

COM PANY, without  liability, in order to ensure t ransparency in all its dealings. The SOCIETY may seek access to the 

un-audited and audited balance sheets of the COM PANY. In certain cases, the SOCIETY may even seek visibility of 

payments above a specified value made by the COM PANY, before such payments are made. All such 

requirements will be specified in the agreement  that  will be entered into by the SOCIETY with the COM PANY.

11. Removal of Difficulties

Notwithstanding anything in the above guidelines, the Principal/ RDC/ SOCIETY may take such measures/ modify 

the guidelines as may be necessary in respect  of protect ing the interest  of NHCE/ M EM BER/ COM PANY/  

ESU/ Incubatee (as a Win-Win M odel) and smooth conduct  of act ivit ies related to Startups. The NHCE reserves 

the right  to change the guidelines from t ime to t ime and only the latest  rules will be applicable to all the ongoing 

act ivit ies irrespect ive of the year of sanct ion of the act ivit ies.
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Incubation Centre of NHCE

Details of previous products/ innovations developed at NHCE

Name of the Project
 Sponsoring 

Agency
 

Amount 

Sanctioned 

(Rs. Lakhs)
 

Amount 

Released
 

(Rs. 

Lakhs)

 

Duration (in years) 

Awards
 

(if any)
 

From
 

To
 

Studies on the M echanical 

and Biochemical 

methodology in t reat ing the 

spent  lubricants in 

manufacturing industries

 

Vision Group on 

Science and 

Technology 

(VGST),

 

Government  of 

Karnataka

 
30.00

 

30

 

2012

 

2013

 

Appreciated 

by VGST

 

Studies on brush seals for 

gas turbine engines 

numerical and experimental 

invest igat ion on design

 

configurat ion and 

performance evaluat ion

 

Aeronaut ics 

Research and 

Development  

Board (ARDB) –

 

DRDO, Govt . of 

India

 

9.31

 

6.79

 

2015

 

2016

 

Ongoing 

Project

 

M ult ipurpose Expandable 

Auditorium On Wheels 

 

with 

7D+ Simulator with Largest  

3D Screen (16’) On Wheels

 

7DPlus 

Technology 

Network 

Company, 

Chennai

 

16.00

 

16.00

 

2013

 

2015

 

Won the 

 

EDAF Award &

 

ITC Award

 

Design and Development  of 

Dental Clinic On Wheels

 

Palrecha 

Engineering 

Works, 

M umbai

 

25.00

 

25.00

 

2014

 

2015

 

Appreciat ion 

from NDRF

 

Design of Glass Cleaning 

Robot  for High -rise 

Buildings

 

Engineering 

Design and 

Analysis Forum, 

Bangalore

 

4.25

 

4.25

 

2013

 

2014

 

Appreciat ion 

from EDAF

 

Creat ion of M ot ion Files for 

3DoF Simulator with M ot ion 

Capture System

 

7D+

 

Fun 

Corner, 

M adurai

 

28.60

 

28.60

 

2011

 

2012

 

Best  

Simulat ion 

Award

 

20.20

 

20.20

 

2012

 

2013
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The most common incubator services to be provided at NHCE, Bangalore are as follows:

a) Access to Physical Facilit ies/ Common Services/  High-Speed Internet  Access for Incubat ion

b) Access to Intellectual Infrast ructure at  Host  Inst itute

c) Obtaining Init ial Financial Support  (Grants, Seed Capital, Support  for Recurring Expenses etc)

d) Assistance for Proof of Concept  (PoC) and PoC to Prototype and Test ing , Product  Design Solut ions/ Prototyping etc 

e) Feasibility Study (Technical and Financial)

f) Help with Business Basics

g) M arket ing Assistance/ M arket  Research/ Pilot  Study/ Test  M arket ing. Enhancement  of M arket ing Skills, 

h) Commercializat ion/ Scale up: 

i) Access to Bank Loans, Loan Funds and Guarantee Programs and Access to Angel Investors or Venture Capital etc

j) Business Structuring Advisory:  Help with Account ing/ Financial M anagement /  Company Format ion/ M anagement  

Team Ident ificat ion/ HR Services

k) Help with Presentat ion Skills and Business Et iquettes

l) Comprehensive Business Training Programs

m) Assist  to inst ill Confidence and Access to IT Tools/  Better Business Solut ions/ Expansion etc (E-Commerce and M -

Commerce)

n) Assist ing with Ident ificat ion of members for Advisory Boards and M entors

o) Networking Act ivit ies: Links to Strategic Partners; Links to Higher Educat ion Resources/ R&D Labs/ Facilit ies

p) Technology Commercializat ion Assistance and M anagement  Evaluat ion

q) Help with Regulatory Compliance

r) Intellectual Property Rights/ M anagement

Physical Infrastructure:

Incubat ion Space: 10,000 Sqft (based on the needs addit ional Space can be provided) 

Centrally Located in IT Hub/ Corridor: Surrounded by M NCs, IT/ ITES giants such as Intel, Accenture, Cape Gemini, ARM , 

Symphony, Wipro, Nokia, JP M organ and Cisco to name a few  at  Ring Road, M arathalli, Bangalore-560103.

Incubation Space: 10,000+ Sqft .

Total Area of College: 11.32 Acres

Total Built -up Area: 55,993 Sq.M ts

Library: 42,000+ Volumes, 

Seat ing Capacity: 605 Seats,  

E-Books: 14,000+, 

E-Journals/ Learning Resources: 19,000+,

IEEE Xplore Digital Library

Science Direct

Business Consult ing 

•  Linkages to improve the efficacy
 

•  Advisory and support  services
 

 

30 Eminent  Academician/ Industrial 

Pract it ioners/ Scient ists and Industries have been 

ident ified for Linkages and M entoring/ Partnering with 

them. M any more domain experts and Agencies can be
 

roped in based on the needs and requirements of specific 

startups.

 

Experience /  Credent ials of Full -t ime 

M anaging Team (Board, CEO and other 

officials)

 Eminent  People have been ident ified to be member of the 

proposed Board, CEO and other Officials
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Taylor &  Francis (E-Books)

Taylor &  Francis (E-Journals)

Springer (E-Journals &  E-Books)

ASCE (American Society of Civil Engineers)

KNimbus Digital Library

Proquest  (Engineering)

Proquest  (M anagement)

NLIST

Video Conferencing Facilities: 50 Seats

Computers with Peripherals: 1000+

Printers: 50+

Scanners: 16

Projectors: 50

Communicat ion Facilit ies: High Band internet  Connect ivity (can be upgraded as per needs)

Power Backup: 24x7 Supported with Generator/ UPS etc

Laboratories: 88 Labs /  11,330 Sq.M ts

Class Rooms: 72 /  4,752 Sq.M ts

Dining Areas/ Cafeteria: 4 /  1000 Sq.M ts

Furniture: 5,272

Seminar Halls/ Conference Rooms: 7

Discussion Rooms: 15

Intellectual Infrastructure and Services

IT &ITES: 

a) Dr. C. S. R. Prashanth, Professor and HoD, Department  of Computer Science Engineering 

b) Dr. V.  Ilango, Professor and HoD, Department  of M aster of Computer Applicat ions

c) Dr. Nandakumar, Professor , Department  of Informat ion Science Engineering

d) Dr. S. M ohan Kumar, Professor, Department  of Computer Science Engineering

e) Dr. N. Guruprasad, Professor, Department  of Computer Science Engineering

f) Dr. Gangadharaiah Y H, Professor and HoD, Department  of M athemat ics

g) Dr. R. Chinnaiyan, Professor, Department  of M CA

h) Dr. J. Kavitha, Associate Professor, Department  of M CA

i) Dr. M . V. Vijayakumar, Professor, Department  of M CA

j) Dr. Jitendranath M ungara, Professor and HoD, Department  of Informat ion Science Engineering

k) Dr. V. Asha, Professor, Department  of M CA

l) M r. Sesha Shankar, Director, SEC Communicat ions Pvt  Ltd., M umbai &  Bangalore

An Inst rumentat ion Technologist  and alumnus of the Indian Inst itute of M anagement  Calcutta, Sesh has over 2 

decades of insight  from scaling large business lines as well as working with creat ive startups. He has experience 

scaling companies and meet ing investor's t ransact ion case in his role as Director with Baring Private Equity Asia 

with over 5 BN USD under management .  He has also spent  a decade with IBM  in mult iple execut ive roles 

including as the VP Strategy and Business Development  (M &A) for the India South Asia market  and running a 

Global business line.  He comes with st rong experiences in Operat ional Excellence and Transformat ion and is a 

cert ified Six Sigma M aster Black Belt  from GE. He has also successfully founded and exited two startups early in 

his career and current ly works with a number of excit ing startups as an investor and mentor.  He is also on the 

advisory board of GINSERV, one of India's earliest  incubators.
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Technical:

 M echanical:

a) Dr. M anjunatha, Principal and Professor, Department  of M echanical Engineering 

b) Dr. M .S.Ganesha Prasad, Professor and HoD, Department  of M echanical Engineering

c) Dr. G. Prabhukumar, Emeritus Professor, Department  of M echanical Engineering

d) Dr. K. Gopalakrishnan, Professor, Department  of M echanical Engineering

e) Dr. Prabhakar Kammar, Professor, Department  of M echanical Engineering

Electrical, Electronics and Communication 

a) Dr. Sanjay Jain, Professor and HoD, Department  of ECE

b) Dr. R. Elumalai, Professor and HoD, Department  of Elect rical and Elect ronics Engineering

c) Dr. M ahesh Gowda, Professor , Department  of Elect rical and Elect ronics Engineering

d) Dr. Ethirajan Govinda Rajan, Emeritus Professor of Signal and Image Processing, President , Pentagram Research 

Centre Pvt . Ltd., Hyderabad, Director, Avatar M edVision U.S., LLC., NC, USA and Director, Pentagram Labs Inc., 

Cupert ino, California, USA

e) Dr. B M ohan Kumar Naik, Professor, Department  of ECE

f) Dr. Nisha K C R, Associate Professor, Department  of ECE

Civil:

a) Dr. Niranjan, Professor and HoD, Department  of Civil Engineering

b) Dr. M . R. Pranesh, Emeritus Professor , Department  of Civil Engineering

Biotechnology:

a) Dr. Pratima Khandelwal, Professor and HoD, Department  of Biotechnology

b) Dr. H. Anandavardhan, Professor , Department  of Biotechnology

c) Dr. Suma, S.P, Professor , Department  of Biotechnology

Water and Agriculture:

Dr.Srinivasa Lingireddy, Ph.D., P.E., F.I.E. 

Visit ing Professor, University of Kentucky, USA

Founder Director, Fluid Hammer Consultancy Services (P) Ltd, Hyderabad

M r. Thiruchelvam Ramakrishnan, 

Founder Director, ITR Technologies India Private Limited and IT-Rural.com

M anagement: 

a) Dr. Sheelan M isra, Professor and HoD, Department  of M anagement

b) Dr. V. Devarajan, Visit ing Professor , General M anager- Customer Support , Cummins Generator Technologies 

India Ltd, Pune

c) Dr. Anitha S Rai, Professor, Library and Informat ion Centre

d) Dr. D. Udaykumar, Professor , Department  of M anagement

R&D and IPR:

a) Dr. K. Gopalakrishnan, Dean (R&D) and Professor, Department  of M echanical Engineering

b) Dr. W. Amarnath, Head, Society for the Promot ion of Innovat ion, Creat ivity and Entrepreneurship (SPICE)

c) Dr. M annan Bakthavathsalu, Formerly with Philips Innovat ion Campus for IPR, Bangalore

d) Dr. Saurabh Kwatra, Internat ional Innovat ions, New Delhi

e) M s. S. Nithya, R. K. Dewan & Co, Patent  Attorneys and Trade M ark Consultants, Chennai

f) M r. H. L. Narendra Bhatta, Intellocopia IP Services, Bangalore

Legal: Dr. Wooday P Krishna, BE., M S., Ph.D., LLB., LLM  (Contracts Including M ercant ile Law)
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Financial: 

a) Dr. V. S. Somanath, Former Chairman, Karnataka Industrial Investment  Development  Corporat ion and Former, 

Deputy General M anager, Dhanalakshmi Bank

Dr. V. S. Somanath was the Dist inguished Professor of Eminence, Anna University, Coimbatore. He holds an M BA 

and PhD in Financial M anagement  and has a wide range of experience in the financial services sector in merchant  

banking, development  banking, investment  banking, commercial banking, venture capital, microfinance, 

management  of NGOs, micro and small enterprises and teaching and research. 

He is current ly Advisor to a number of Corporate in Equity M arket , Derivat ives including F&O, Commodit ies and 

Asset  M anagement , capacity building of SM Es and infrast ructure projects, arranging packages for soft  

intervent ion of clusters and credit  monitoring and is also managing an M F out fit : Nano Ventures. 

His areas of research interest  are promot ion of NGO-SHGs linkage and facilitat ion of microfinance and women 

empowerment , development  of micro and small enterprises and capacity building of micro clusters thru soft  

intervent ion, set t ing up JVs and scaling it  to crit ical mass and port folio management .  

He has authored several books and has also published several art icles in professional journals and economic and 

financial periodicals. His recent  publicat ion include 'M icrofinance: Redefining the Future' published by the Excel 

Books, New Delhi.

b) Dr. Udhayakumar, Professor, Department  of M anagement

c) M r. M adhusudhana Reddy, Chartered Accountant , 

M adhusudhana Reddy & Co., Bangalore

d) M r. S. Rajasekaran, Chartered Accountant , Chennai

NHCE could provide the following information to the needy incubatees on 

a) Service Providers : CA, Lawyers, IP Protect ion, Real Estate Agencies

b) Organizat ions: TiE, NASSCOM , iSpirt , Coffee M eetup, FHSIdeaLab, JumpStart  etc

c) Programs/ Events: Consrukt  Fest ival, TiE Con, Ideathons (Ideat ions)/ Hackathons etc

d) Incubators/Accelerators/ Co-Working Space

e) Investors/ Investor Organizat ions (Funding Assistance)

f) Incoming Trade Delegat ions

g) Government  Policies in India/Abroad (Potent ial Target  Countries as per M arket  needs)

h) Regulatory Environment  etc

The Proposed List of Support Services to be extended to the Incubatees 

(Covering Both Virtual Incubation and Physical Incubation):

a) Access to Physical Facilit ies/ Common Services/  High -Speed Internet  Access for Incubat ion

b) Access to Intellectual Infrast ructure at  Host  Inst itute

c)

 

Obtaining Init ial Financial Support  (Grants, Seed Capital, Support  for Recurring Expenses etc)

d)

 

Assistance for Proof of Concept  (PoC) and PoC to Prototype and Test ing, Product  Design 

Solut ions/ Prototyping

 

etc 

 

e)

 

Feasibility Study (Technical and Financial)

 

f)

 

Help with Business Basics

 

g)

 

M arket ing Assistance/ M arket  Research/ Pilot  Study/ Test  M arket ing. Enhancement  of 

M arket ing Skills, 

 

h)

 

Commercializat ion/ Scale up: 

 

i)

 

Access to Bank Loans, Loan Funds and Guarantee Programs and Access to Angel Investors or 

Venture Capital etc

 

j)

 

Business Structur ing Advisory: Help with Account ing/ Financial M anagement /  Company 

 

Format ion/ M anagement  Team Ident ificat ion/ HR Services

 

k)

 

Help with Presentat ion Skills and Business Et iquettes

 

l)

 
Comprehensive Business Training Programs

 

m)
 
Assist  to inst ill Confidence and Access

 
to IT Tools/  Better Business Solut ions/ Expansion etc (E -

Commerce and M -Commerce)
 

n)
 

Assist ing with Ident ificat ion of members for Advisory Boards and M entors
 

o)
 

Networking Act ivit ies: Links to Strategic Partners; Links to Higher Educat ion Resources/ R&D 

Labs/ Facilit ies
 

p)  Technology Commercializat ion Assistance and M anagement  Evaluat ion  

q)  Help with Regulatory Compliance  

r)  Intellectual Property Rights/ M anagement  
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Provide action plan to meet business support service

a) Establishment  of St rong Secretariat  at  Incubat ion Centre

b) Creat ion of Physical and Virtual Facilit ies to Support  Incubatees

c) Providing Access to Physical and Intellectual Infrast ructure at  Incubat ion centre

d) Providing Access to Various Laboratories at  Host  Inst itut ion and their Network of Industries

e) Creat ion of Technical Team with Advisors and M entors

f) Preparat ion of Calendar of Workshops and Seminars

g) Plan for Consultat ion and Training Programmes of Incubatees (Virtual/ Physical)

h) Plan for M entoring, Counseling and Training Sessions of Incubatees (Virtual/ Physical)

i) Plan for M arket ing/ Promot ion/ Travel/ Networking within the geographical reach

Outline mentoring, counseling and training efforts

It  is envisaged to provide the ent ire gamut  of services required for successful incubat ion centre, right  from the 

Ident ificat ion/ Scout ing of Best  Ideas for Incubat ion and then providing Strategic Support , Co-working Space, 

Technology Support , Operat ion Support , Access to Seed Funding, VC Funding and Services Support  to them along 

with periodic review process and evaluat ion process t ill the Incubatees graduate successfully.

• Deploy automated processes and tools to source, select , surface, on-going t racking and report ing progress 

of start -up ent it ies

• Part icipate and ensure regular running of investment  committee to select  appropriate ent it ies for 

incubat ion

• Regular part icipat ion and review of incubated ent it ies to ensure they are on t rack against  the program 

goals and appropriate remediat ion plans are in place

• Part icipate and ensure regular running of management  committee and their recommendat ions are being 

executed

• Ensure act ive ecosystem is being built  around NHIC and suitable support  (mentors, co-investors, support  

services) is made available to incubated companies

Startup companies fall into two major categories. The first  are companies that  need a daily physical locat ion. These 

companies become in-house incubator clients. Other companies need occasional access to the incubator facilit ies 

but  also need the network, support , finance and services that  the incubator provides. 

Proposed Ecosystem and Support Organisation

The proposed Incubat ion Centre of NHCE will become the M ember/ Partner with the following Professional Bodies and 

Trade Bodies which has been ident ified to leverage the benefits for the Incubatees and their early Soft  Landing or 

Graduat ion along with adequate Seed Support  of Funds, Accelerator Support  etc. to ensure the value for money invested o 

the ent ire process by the host  Inst itut ion, Atal Innovat ion M ission and other support ing agencies. M any of the 

Advisors/ M entors who have been ident ified by AIC@NHCE are already members/ patrons of many of the following 

organizat ions.

1. The Nat ional Associat ion of Software and Services Companies (NASSCOM )

2. The Indus Entrepreneurs (TiE) [TiE Young Entrepreneurs (TYE) and M entor M atch]

3. The Nat ional Business Incubat ion Associat ion (NBIA)

4. The Indian STEP and Business Incubator Associat ion (ISBA)

5. Indian Angel Network (IAN)

6. Jump Startup

7. First100Sales.com/ FHS IdeaLab: Business Accelerator

8. IIT-Bombay FOSSEE (FOSSEE: Free and Open Software in Educat ion) Project : It  is part  of the Nat ional M ission on 

Educat ion through Informat ion and Communicat ion Technology (ICT), M inist ry of Human Resources and 

Development , Government  of India.
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9. The Consort ium for Educat ional Communicat ion (CEC)- Inter University Centres set  up by the University Grants 

Commission of India. 

10. ICTACT: ICT Academy (ICTACT) 

Selection and Exit Policy for Incubatees

Provide select ion criteria of the incubatee and the mechanism 

Selection of Incubatees/ Startups

In order to be a successful Incubator, the intake process has to be efficient  and effect ive based on merits of the 

proposal/ ideas. The Incubator has to have the appropriate process and procedures in place for review of prospect ive 

contacts/ leads, determining if they are the right  fit , and providing all necessary resources to make sure they grow and have 

a successful exit . 

• Scout ing for Potent ial Business Ideas: Periodically Conduct  Clinics/ Workshops/ Compet it ions

• Creat ion of Entrepreneurship/ Startup Awareness and consciousness amongst  Target  Segment

• Empowering people who dare to dream and Provide necessary support

• M ind to market  approach to foster new enterprises and jobs.

Criteria for Selection of Incubatees/ Startups

• Proposed Idea/ Sensible Approach/ Novelty as Assessed by Experts/ Select ion Committee

• Relevance of Proposed Idea/ Product  and Exist ing/ Futurist ic Needs

• Technology Readiness Level

• Right  Att itude and skill set / Passion for Startups

• There must  be at -least  one dedicated entrepreneur involved in the venture

• There must  be a formal business plan

• The venture and the team must  have high ethical &  professional standards

• The venture must  have a st rong technology/ knowledge component  EHS requirements must  be met

• Key Proof-of-Concept  must  be demonstrated & must  be reproducible

• The venture must  be registered as a private limited company, or must  be in the process of regist rat ion

• The amount  of funding requested must  be less than Rs 50 Lakhs

• The entrepreneur(s) must  be willing to share equity in the venture

• The seed funds requested must  be for act ivit ies such as product  development , prototyping, scale-up, developing 

IP port folio, test  market ing, t rials, cert ificat ion, test ing

Criteria for Selection to Provide Seed Fund (but not limited to the following):

• Is amount  of funding requested enough to reach crit ical milestone?

• Does the venture have a clear, potent ially significant / singular value proposit ion

• How big/ fast  growing is the potent ial market?

• Are target  customers clearly ident ified?

• How credible is the technology? (Is PoC credible in the opinion of domain experts?)

• Are there regulatory/ cert ificat ion/ policy risks?

• What are the sources of sustainable compet it ive advantage (eg. novelty, patentability, fair assessment  of 

compet itors' product / technology etc.)?

• What is the quality of the business plan (revenue model, product  roadmap, market  segments, etc.)?
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Proposed Terms for Seed Funding:

• Investment  mode: Equity ownership in a private limited company

• Equity stake for seed fund: 15% - 25%

• Investment  amount : Rs 2 Lakhs - 50 Lakhs

• Investment  to be deployed in installments, t ied to significant  milestones

• Board of Directors (BoD) representat ion: 1 BoD seat

• Promoter/ Founder stakes: Vest ing requirements

• Report ing: Bi-annual presentat ion to Seed Committee + Quarterly/Annual Financials

Proposed Type of Incubatees:

The following type of Incubatees will be provided an opportunity at  AIC@NHCE

1. Local Entrepreneurs (10%): In and around Bangalore Dist rict  covering Bangalore Rural Dist ricts

2. Start-up Companies (50%): Potent ial Clients will be ident ified through st ructured mechanism of scout ing the 

interested entrepreneurs having sensible ideas which can be groomed in to Startups with the help of M entors, 

Facilit ies at  Incubat ion Centre along with the Ecosystem for early graduat ion of the startups.

3. Branch of Existing Firm (2%): Based on the individual merit  of the proposal, it  will be encouraged.

4. Spin-off from University/ Academic Institutions or R&D Centre (13%): Based o

5. Bottom of the Pyramid- Grass Root and Inclusive Growth (25%): Social Innovat ions and ideas target ing the social 

development  and aiming to bridge the gap and leading to inclusive growth will be given priority. Such ideas 

coming from rural areas and Tier II and t ier III Cit ies will be given priorit ies.

Describe the Exit strategy:

1. Sett ing a maximum t ime limit  of 3 years (Average Expected Timeline for Graduat ion: 9-36 M onths)

2. Incent ives to exit   (Based on the requirements of space for new Incubatees and maturity level/ sat isfactory 

progress monitoring etc, Incent ives to exit  will be decided)

3. Non-performance of the incubatees (Cont inuous monitoring and evaluat ion will reveal the progress of 

Incubatees in meet ing the milestones as envisaged. Non-performing Incubatees will be vacated as per the terms 

and opportunit ies will be provided to other needy aspirants as recommended by the expert  Commit tee)

Incubate companies will leave the Incubator under the following circumstances:

4. If they raised substant ial investment  from Angel Investor /  Venture Capital Fund /  any other investor– Rs. 2 Crores 

or more.

5. If the Incubatee become self sustainable (technically/ financially) to further proceed with their business for soft  

landing

6. Complet ion of stay for twelve to eighteen months (as agreed, in case of ICT/ IT/ ITES Startups), unless the stay is 

extended by AIC@NHCE based on the request / need of the Startups.

7. Underperformance or it  is not  viable for the business proposit ion: criteria for the same will be decided and 

applied by AIC@NHCE based on the decision of the Evaluat ion Committee on the case to case basis.

8. When the number of employees of the company exceeds 20. However, more than 20 seats will be considered if 

the cost  of each seat  will be borne by the Incubatee or on mutually agreeable terms.

9. Change in promoters'/  founders' team without  concurrence of AIC@NHCE.

10. Any other reasons including the violat ion of rules and regulat ions of the AIC which AIC@NHCE may deem it  

necessary for an incubate company to leave AIC@NHCE.
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Experts Identified to serve in the Board of M anagement, Advisory Committee and Screening Committee, not limited to 

the following: (Individual Let ter of Consent  may be submit ted later)

M r. Sanjay Anandaram has more than twenty years of experience as an entrepreneur, investor and corporate execut ive 

and is current ly on the Screening Committee of NSRCEL, IIM -B.

He works with various startups in the US and India as a mentor, board member and occasional angel investor. Sanjay is a 

founding partner of JumpStartUp Venture Fund, one of the pioneering early stage US-India cross border VC funds, set  up in 

2000 to invest  in software, communicat ions, services and embedded technologies. Prior to founding JumpStartUp, Sanjay 

co – founded and successfully exited from a Silicon Valley based technology start  – up Neta.

Sanjay is an Elect rical Engineer from Jadavpur University, Kolkata with an M BA degree from Indian Inst itute of 

M anagement , Bangalore.

M r. Vinay Deshpande present ly serves on the Screening Committee of NSRCEL, IIM -B.

He is the principal founder and Chairman and CEO of Encore Software, data communicat ions and digital signal processing 

based software solut ion provider headquartered in Bangalore. He has been an entrepreneur for over twenty years, 

founding or co-founding several IT ventures. He is current ly President  of M anufacturers' Associat ion of Informat ion 

Technology (M AIT).

Vinay has a BE (Elect ronics and Communicat ions) from Osmania University and an M SEE (Digital Systems) from Stanford 

University. He has also served as the President  of the Stanford India Associat ion.

Prof. G Sabarinathan present ly with IIM -B, specialized in Finance & Account ing. Professor Sabarinathan's current  research 

interests are in the areas of Financing Small and M edium Firms in India, Private Equity, Venture Capital and Regulat ion of 

Securit ies M arket  in India. He current ly serves on the investment  committee of a European private equity fund invest ing in 

India and KITVEN venture capital fund of the Government  of Karnataka and advises companies on valuat ion. He also serves 

on the Screening Committee of NSRCEL, IIM -B.

Prof. M athew J M animala, Professor present ly serves on the Screening Committee of NSRCEL, IIM -B.

Chairperson, Organizat ional Behaviour &  Human Resource M anagement  Area, FPM  (Fellow in M anagement), IIM  India 

(1983-1988), M .BSc. (M asters in Business Science), Victoria University of M anchester, UK (1993), M BA, University of 

Cochin, India (1975-1977), B. A., University of Pune, India, (1972-1975).

Dr. V. S. Somanath, Former Chairman, Karnataka Industrial Investment  Development  Corporat ion and Former, Deputy 

General M anager, Dhanalakshmi Bank. He was the Dist inguished Professor of Eminence, Anna University, Coimbatore. He 

holds an M BA and PhD in Financial M anagement  and has a wide range of experience in the financial services sector in 

merchant  banking, development  banking, investment  banking, commercial banking, venture capital, microfinance, 

management  of NGOs, micro and small enterprises and teaching and research. He is current ly Advisor to a number of 

Corporate in Equity M arket , Derivat ives including F&O, Commodit ies and Asset  M anagement , capacity building of SM Es 

and infrast ructure projects, arranging packages for soft  intervent ion of clusters and credit  monitoring and is also managing 

an M F out fit : Nano Ventures. His areas of research interest  are promot ion of NGO-SHGs linkage and facilitat ion of 

microfinance and women empowerment , development  of micro and small enterprises and capacity building of micro 

clusters thru soft  intervent ion, sett ing up JVs and scaling it  to crit ical mass and port folio management .  

M r. Sesha Shankar, Director, SEC Communicat ions Pvt  Ltd., M umbai &  Bangalore

An Inst rumentat ion Technologist  and alumnus of the Indian Inst itute of M anagement  Calcutta, Sesh has over 2 decades of 

insight  from scaling large business lines as well as working with creat ive startups. He has experience scaling companies and 

meet ing investor's t ransact ion case in his role as Director with Baring Private Equity Asia with over 5 BN USD under 

management .  He has also spent  a decade with IBM  in mult iple execut ive roles including as the VP Strategy and Business 

Development  (M &A) for the India South Asia market  and running a Global business line.  He comes with st rong 

experiences in Operat ional Excellence and Transformat ion and is a cert ified Six Sigma M aster Black Belt  from GE. He has 

also successfully founded and exited two startups early in his career and current ly works with a number of excit ing startups 

as an investor and mentor.  He is also on the advisory board of GINSERV, one of India's earliest  incubators.
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I. Introduction
The global need for energy is increasing continuously every year. The
need for Electrical power generation capacity will grow every year in
terms of hundreds of GW. Hence a paradigm shift is required as the
installation of high capacity leads to CO2 emission [1]. So renewable
energy and its efficiency draw special attention in future. Power
Electronics is a future key technology to achieve paradigm shift from
fossil fuel to renewable energy sources. The solar energy, which is
available in plenty and environmental friendly will be on great demand
[2]. Inverters in PV application require both buck-boost capabilities to
cope up with the variation of supply voltage and load current demand.
Hence classical VSI is improved to ZSI by bridging X-shaped LC
network between the source and the inverter bridge [3]. This Z-source
inverter utilizes a unique LC network and a single controller to buck-
boost the available input voltage. Many improved topologies that are
derived from Z-source are presented in literatures [4]–[5] and few

modified control schemes that can accommodate shoot-through state
operation is presented in the literature [6]. The inclusion of switched
inductor or switched capacitor cells has improved the modulation ratio
and hence the boosting ability [7]–[9]. To enhance the boost
performance with minimum shoot-through and also to improve the
modulation ratio, a PV powered generalized switched-inductor
embedded quasi Z-source inverter system is proposed.
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