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PREFACE 

  
 

 

International Conference on “Emerging Trends in Mechanical Engineering and Industrial 

Automation” NEC-ICETMEIA-2K21 provides an excellent international forum for sharing 

knowledge and results in theory, methodology and applications impacts and challenges of 

Mechanical Engineering. The purpose of this conference is to bring together the mechanical 

engineering community to explore, disseminate and strengthen initiatives in new directions under the 

broad areas of Manufacturing, Thermal Sciences, Mechanical Design, Robotics, Mechatronics and 

Industrial Automation. 

 

The objective of this conference is to create an international conglomeration of scientists, 

engineers and institutional experts. This forum serves as platform where people can share 

information about latest diverse technological advancements, innovations and achievements in the 

areas of Mechanical Engineering and allied fields of Engineering. Further it would also facilitate the 

discussion that centers on the developments and challenges in the fields of design, manufacturing, 

thermal, robotics, mechatronics fields of Engineering. The focus of this conference is to provide 

technical platform that encourages the scientific research and educational activities that would cater 

the needs of both society and the industry. Most importantly, NEC-ICEMEIA-2K21 is invested in the 

advancement of a common man’s life by utilizing the theory and practice of mechanical engineering 

and allied streams of Engineering. The conference includes Keynote addresses and guest lectures by 

eminent speakers around the globe who would deliberate the recent trends and challenges in the 

fields of Mechanical Engineering and Industrial Automation. 
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July 2021. The unprecedented ongoing pandemic situation prevailing all over the globe has driven 

the professionals to continue their research and knowledge dissemination virtually. I believe that 
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qualitative academic content. I am also able to envisage its great potential to discuss and learn 

some new innovations in the fields of Mechanical Engineering. 

It is important to inculcate an attitude towards research in the minds of younger generation 

and this conference would be a stepping stone towards this attainment in the field of Mechanical 

Engineering. 

I wish the conference a great success. I am sure the conference is a grand scientific 

extravaganza and great feast for the student community. 

 

Dr.D.Suneel 

Professor & Vice Principal 

Narasaraopeta Engineering College 

 
 



 

  Message from Head of the Department 
 

 
 

I am very much delighted in welcoming the delegates for the 2 day virtual international 

conference on “Emerging Trends in Mechanical Engineering and Industrial Automation” [NEC-

ICETMEIA2K21]. The pursuit for knowledge has been from the beginning of time but knowledge 

only becomes valuable when it is disseminated and applied to benefit of humankind. The prime 
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Effectiveness of   Compression-Ignition Engine 

Fuelled with Pond Water Algae Biodiesel 
Katta Murali Krishna Prasad and P. Sravani 

Department of Mechanical Engineering, Narasaraopeta Engineering College (AUTONUMOUS), Narasaraopet, A.P. 

 

Abstract—Algae are the fast-growing florae around the 

globe. Microalgae are largely a diverse group of 

microorganisms comprising eukaryotic photoautotrophic 

protists and prokaryotic cyanobacteria (sometimes called 

blue-green algae). These microbes contribute to half of global 

photosynthetic activity and are virtually found in euphotic 

niches. The viability of biodiesel from pond water algae 

(PWA) as a third-generation biodiesel feedstock is examined in 

current investigation. Primarily, the oil is extracted from the 

algal biomass and then it is subjected to two stage trans- 

esterification technique. Ethanol is mixed up with the attained 

algal bio oil in order to reduce its viscosity. The processed 

algal oil is blended with diesel in various proportions. Later, 

by direct-injection into compression-ignition, the engine’s 

performance and emission characteristics are assessed at 

varying loads (25, 50 and 100%) and CRs (15.5, 16.5, 17.5 and 

18.5) using these prepared blends. Results have depicted that 

performance indices of engine are enhanced and emission 

parameters are reduced with the increase of algal biodiesel 

proportion in diesel fossil fuel. 

 

Keywords: Selective catalytic reactor, honeycomb, 

catalyst, space velocity, NOx conversion efficiency, ammonia 

slip. 

 

I. INTRODUCTION 

Energy executes a noteworthy role in development. 

The fiscal development of any nation relies on its energy 

consumption. It is vital in every sector around the world, 

i.e. transportation, manufacturing, agriculture sector etc. BP 

Statistical Review reported that primary energy 

consumption by fuel is 13276.3 M toe. However, total 

proven oil reserves are 1706.7 thousand million barrels in 

the world till the end of 2016, which is sufficient to meet 

5to6 decades of world energy demand [1].The world energy 

consumption is drastically increased from ~1687.7 kg in 

2003 to 1873.7 kg in2010 (per capita kg of oil equivalent). 

However, diesel fuel consumption per capita increased by ~ 

37% between 2003 and 2010 for the automotive diesel 

engine [2,3]. It has been found 900 million vehicles (except 

two-wheelers) throughout the world that produces almost 

26% greenhouse gases (GHGs) emissions [4]. Nearly all 

types of automobiles operated by diesel and petrol play a 

vital role in air pollution. To curbs out pollution hazards, 

many countries adopted and implemented the updated 

emission standards, and made a policy to use alternative 

energy sources. In India, Bharat Stage VI (BS-VI) 

standards are going to be implemented from 2020, 

surpassing BS-V to control the continuous increasing 

pollution hazards from automobiles. Various worldwide 

emission standards (Bharat Stage, China, and Euro) for cars 

and light trucks (diesel vehicles) for the last decade are 

shown in Fig.1[5]. A flow chart of transportation activities 

and their emission are presented in Fig. 2, and the vehicle 

population growth (commercial~29.6%and passenger~34.9) 

from 2010t o 2020 are shown in Fig. 3 [6]. 
 

II. REVIEW OF LITERATURE 

 Saharetal. [19] Studied the technique for biodiesel 

production and analysis from used cooking oil with 

feedstock pretreatment method, transesterification process, 

whereas Mohadesi et al. [20] examined the impact of 

KOH/Cl inoptilolite as a catalyst to produce biodiesel using 

used cooking oil. Kassaby and Allah[21] examined the 

effect of varying compression ratios (CR14, CR16, CR18) at 

different speeds (1000, 1250,1500, 1750, and 2000 rpm) on 

CI engine fueled with different blends (B0, B10, B20,B30, 

B50) and ensured that the 20% biodiesel blended safely with 

diesel fuel and delivered almost the same performance and 

exhaust emissions when compared with diesel. 

III. EXPERIMENTALINVESTIGATION 

A. Biodiesel preparation 

Blends of fossil fuel diesel, PWA oil and ethanol are 

employed in CI engine as fuels. Initially, Algae was 

collected from local pond (PWA) present in Krishna district 

of Andhra Pradesh state, India. Preparation of PWA 

biodiesel is depicted through Fig. 6.Collected PWA were 

ground with motor as much as possible. The ground PWA 

were dried for 20 min at 80°C in an incubator for releasing 

water. Hexane and ether solution (20 and 20 mL) were 

mixed with the dried PWA to extract oil. Then the mixture 

was kept for24 h for settling. The biomass was collected 

after filtration and weighted. 

The extracted oil was evaporated in vacuum to release 

hexane and ether solutions using rotary evaporator. 0.25 g 

NaOH was mixed with 24 mL methanol and stirred properly 

for 20 min. The mixture of catalyst and methanol was 

poured into the algal oil in a conical flask in order to lessen 

its viscosity. Later, transesterification reaction process is 

carried out. The conical flask containing solution was stirred 

for 3h by electric shaker at 300rpm. The reaction process 

step is indicated in Fig. 1. 

 
Fig.1. Transesterification reaction 
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A. ENGINESETUPAND INSTRUMENTATION 

Fig. 2 depicts the schematic of computerized multifuel 4-

stroke VCR engine. This setup comprises single-

cylinder,variablecompression ratio direct-injection 

compression-ignition engine which the loading is done by 

dynamometer of eddy current type. There is no need to stop 

the engine in order to alter its compression ratio (CR). Air 

box fitted with orifice plate makes the way for air to enter 

the engine. The instrumentation box comprises gaging 

instruments for engine speed, air & fuel 

consumption,torque, temperature and coolant flowrates. 

Sensors will record these parameters and values will be sent 

to data acquisition device,which exhibits these data in 

computer using LabView software.The technical 

specifications of engine aretabulatedin Table 2. 

Specification Details 

Make Kirloskar 

Engine cylinder/stroke 1/4 

Maximum fuel injection pressure 220bars 

D* L 87.5 * 110 mm 

Compression ratio 15.5-18.5 

Rated output 4.5kWat1500 rpm 

Rated speed 1500rpm 

IV. EXPERIMENTALTESTPROCEDURE 

 The prepared fuel blends are tested under various 

engine loads. Prior to each experimentation, the engine is 

run with diesel for 10 min to ensure the reliability of attained 

data. The experiment values are taken after the engine 

reached to a steady state condition. The stationary multi fuel 

engine employed here is operated to run at its maximum 

speed of 1500 rpm. The temperature and relative humidity 

of intake air is measured with the aid of RTD sensors and 

the velocity is measured using velocity sensors.  

All tailpipe exhausts are evaluated in a real-time manner. 

The engine load was managed via the load cell. The engine's 

fuel consumption was estimated by calculating the decrease 

in the fuel level and in the measurement container over a 

specified period of time. 

 

Fig.2. Engine setup 

 

 

 

 

RESULTS 

The prepared blends (PWAB0, PWAB100, PWAB10, 

PWAB20 and PWAB30) are examined experimentally using 

VCR diesel engine at various CRs of 15.5and 17.5at 

different engine loads of 25, 50 and 100% by maintaining 

uniform speed of 1500 rpm. The performance attributes viz., 

BTE and BSFC and emission parameters viz., EGT, CO2, 

PM, and NOx are investigated for analyzing the PEC of the 

engine. 

A. Brakethermal efficiency 

 

 
 

 

 

 
 

B. Brakespecificfuelconsumption 
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Fig. 3. BSFC at various engine load with different Compression 

Ratio 

The variation of fuel NOX emission with engine load 

for the engine compression ratio at 15.5 and 17.5 are given 

in Figure 3 (a, c). The comparison of NOX emissions with 

the low, medium and high engine load shows for PWAB0 

(diesel), PWAB 10 (90% diesel + 10 PWA oil), PWAB20 

(80% diesel + 20% PWA oil), PWAB30 (70% diesel +30% 

PWA oil) and PWAB100 (100% PWA biodiesel). 

TheNOXemission of a blend of PWAB10, PWAB30 and 

PWAB100 found to be lower from those of diesel and 

PWAB20 for the entire range of engine load. NOX 

emissionraised with enhancement in engine load due to 

elevated combustion temperature. Theincreasing 

compression ratio in the engine than NOXemission 

increased due to the improved combustion characteristics 

[50-52]. The NOX emission (ppm) produced for PWAB0 is 

3663.9 at CR15.5, 3828.4 at CR17.5. The NOX emission 

(ppm) for PWAB10 is3941.9 at CR15.5,4061.5 at CR17.5 , 

and PWAB20 is 2588.4 at CR15.5, 1960.5 at CR17.5 and 

1703.1 at full load condition.  

 

 

Figure4.Engineload Vs. NOx emission with different 

compression ratio 

 

SUMMARY AND CONCLUSIONS 

According to the investigation results obtained from the 

present study, performance and emission characteristics of 

BTE, BSFC and PM, CO2, EGT & NOX emissions of CI 

engine charged with pond water algae diesel for various 

engine loads and CR has been summarized below. 

 The reduction in exhaust gas temperature has been 

found for the PWA biodiesel blends than diesel fuel 

at all engine loads. Maximum EGT was observed at 

15.5 CR, 1500 rpm and high engine load. 

 Less BSFC has been noticed from the CI engine 

fuelled with PWA biodiesel blends than CI engine 

charged with diesel at all engine loads. 

 PM from tail pipe of CI engine has been declined 

with the addition of PWA biodiesel to the diesel fuel. 

PM emissions decrease with increased compression 

ratio in the present investigation. 

 Due to increase in compression ratio of the engine, 

CO2 emission decreases as thermal efficiency 

increases and fuel consumption reduces. 

 Escalation of CR from 15.5 to 117.5 leads to 

increase in NOXemission by5.04%and3.57%for 

diesel fuel and PWA biodiesel 

blend(PWAB10),respectively, indicating improved 

biodiesel combustion at higher CR. NOX emission 

escalates with rise in the engine load due to elevated 

combustion temperature. 

 TheriseinengineCRescalatesthetailpipeemissionsbeca

useofimprovementin combustion of biodiesel in 

engine at higher CR. 
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Abstract— As technologies are emerging day by day there is a 

large development in the automobile sector. And even the 

technologies for all of the vehicles such as bike, car, and 

luxury vehicles are improving day by day. And now even some 

of the vehicles are running using some of the non-conventional 

sources of energy such as bio diesel, battery or even solar 

energy. As a result of all the advancement in the automobile 

industries some of the companies are using microprocessors as 

well as microcontrollers and some pre-defined nano-

computers to do some of the tasks. But the most important 

concern in today’s date is safety of the person those who will 

be riding the vehicle. So it is one of the major concerns to 

develop a brake which is not only capable of stopping the 

vehicle at a least possible distance but also have some of the 

most desirable characteristics. Thus the paper is presented for 

the analysis {static and thermal} of the disc brakes which are 

one of the most efficient brakes and we can say a miracle of 

Engineering. Modeling was done using CATIA V5R21 

software and Static and Transient Thermal Analysis was done 

using ANSYS software. 

Keywords—Disc brake, Thermal analysis, Static analysis. 

I. INTRODUCTION 
A brake is a device which is used stop the vehicle at a 

minimum possible distance and should have a good amount 
of the anti-fading characteristics. In general when the brake 
is applied 2 pistons force the rotating disc to stop and the 
energy is converted to thermal or heat energy and it start to 
decelerate. 

Properties of brake required: 

1) Should have good anti-fade characteristics. 

2) Easy of operation. 

3) Should able to stop the vehicle at the least possible distance. 
Classification: 

4) As per actuation 

 Mechanical 

 Pneumatic 

 Vacuum 

 Servo 

 Hydraulic 

5) As per fitting 

 At the transmission system 

 At the wheels 

6) As per purpose 

 Primary Brakes 

 Secondary Brakes 

7) As per construction 

 Drum Brakes 

 Disc Brakes 
Brakes are one of the it should maintain a good anti-

fading characteristics important parts of an automobile 
control system that is used to stop the vehicle at the least 
possible distance and also and moreover it should be 
requiring very less amount of maintenance or no 
maintenance and should be economic. 

 

 

 

OBJECTIVES: 

 V5R21 software. Design the go-kart disc brake using 
CATIA  

 Static structural analysis of the disc brake using ANSYS 
software to calculate the resulting value of principal and 
vonmises stresses. 

 Thermal structural analysis of the disc brake using ANSYS 
software to calculate the resulting value of heat distribution 
and various parameters. 

II. LITERATURE REVIEW 

 
STABILITY OPTIMIZATION OF A DISC BRAKE 

SYSTEM WITH HYBRID UNCERTAINTIES FOR 
SQUEAL REDUCTION BV RUI LII AND DEJIE YU 
ON 28 JANUARY 2016  

It is clearly mentioned about how Brake squeal is a noise 
problem which is caused due to self-friction and some 
number of induced vibrations which may help in inducing 
squealing noise. It is also been mentioned about the previous 
Researchers been carried out on brake sequel and several 
representative mechanisms that have been attributed to 
break squeal phenomenon, like stick- slip, sprag-slip, 
hammering, mode coupling, and time delay [2-5]. However, 
even after conducting several experiments on brake squeal it 
is not fully understood because of various Complexities. 

From the mentioned studies, due to some uncertain 
Factors present in the structure and systems, as well in the 
brake system. So, for avoiding such uncertainties, RBDO 
was introduced which is basically the revised form of First 
Order Reliability Method (FORM)and is a double loop 
strategy; the reliability analysis (inner loop) and the 
structural optimization (outer loop). Therefore, it is 
considered as the best method for improving the 
performance, stability of an uncertain due to disc brake 
systems in order to reduce the sequel. 

DESIGN AND ANALYSIS OF DISC BRAKE, BY G. 
VENKAT KUMAR, R. DILIP KURIAN, R. HARISH 
KUMAR, M.G.MOHAN RAO, ON 1 FEBRUARY 2018; 

It is clearly mentioned about the development of disc 
brake which was patented by Frederick William Manchester 
in his Birmingham factory in the year 1902 and was been 
successfully used a Lanchester car. It is successful 
application started in airplanes and in tanks during the world 
War 2. While in Britain, Daimler company used the disc 
brakes on its armored car in the year 1939. Those disc 
brakes were made by girdling company, and it became 
necessary for the four-wheel drive (4 * 4) vehicle where the 
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epicyclic final drive was present in the wheel hubs and no 
room was left for the conventional hub mounted drum brake. 
Then at Germany's Argus motoren, Hermann Klave (1912-
2001) thin patented disc brakes on his name in the year 
1940. After that Chryster developed unique braking system, 
from 1949 to 1953.It was first used in racing in 1951, the 
one BRM type 15, using a Girling produced set, and for a 
formula one car. Then the first mass production was done 
1955 on the Citroen ds, which featured the front disc brake 
caliper type, which is one of many Innovations. The model 
was sold up to 1.5 million units over a period of 20 yrs. with 
the same setup. 

REVIEW PAPER ON THERMAL ANALYTICS OF 
VENTILATED DISC BRAKE BY VARYING DESIGN 
PARAMETERS, BY SUBHASISSARKAR, PROF. 
(DR)PRAVIN RATHOD, ON 12 DECEMBER 2013. 

TING-LONG, HD-ET at (1974): - It has been mentioned 
on the investigational marks been carried out by on effect of 
frictional heating on brake material (aircrafts). Here 
metallographic study apparatus is used. It has been 
discovered that a minimum surface temperature which 
would result the minimum value of (1/pc) and (1/kpc) when 
the area of contact is maximum and by higher load – lower 
friction system. 

Masahiro Kubota et al (2000): - here it is mentioned 
about the uses of CFD analysis (computational fluid 
dynamics) approach which is used for visualizing the actual 
process. Short and ground sharped arrangement and been 
used and the result showed the anti-squeal property was 
improved and also a weight reduction was seen when 
compared with respect to baseline rotor shape without 
giving cooling performance and heat resistance factor to 
determinate. 

Oder G.et al.(2009): - it is mentioned on the work on the 
terminal and analysis of streak on the break disc in railway 
vehicles. And then in addition centrifugal load is considered. 
Here finite element method (FEM) approach has also been 
used. 3D model was modelled for analyzing purpose brake 
disc is of rounded graphite material. They are also fulfilling 
the buyer’s requirements in order for safety purposes. The 
investigation done didn't considered shearing forces, 
residual and cyclic loads, during the entire lifespan of brake 
discs, the results were needed to be compared with respect 
to experimental results. 

Comparative life cycle assessment of car disc brake 
systems-case study results and method discussion about 
comparative LCAS, BY Katja Tasala Gradin, Anna Hedlund 
Astrom; ON 11 October 2019; 

 Here, it is mentioned about two-disc brakes that were 
assessed under the guidelines of the ISO 14040: 2006 
Standard (ISO 2006). Here it is mentioned of the life cycle 
and it impact on the new disc brake and then it was 
compared to the life cycle of the reference disc brake that 
was taken. i.e., from cradle to the grave, which also included 
processes of material extraction until the waste management 
and for comparing the impact of environment sima Pro 
version 9.0.0.47 (PRE-Consultants 2019) was used? 

Then in the case study it was found that in Phu LOW 
BRASYS (Low environmental Impact BRAKE System) 
project (LOWBRASYS 2017) was considered, the 
objectives of one of the projects was in order to develop a 

new disc brake which helps in reducing particular generation 
while braking condition. The wear testing for the project 
partner, indicated about 16% decrease in the particulate 
formation. 

RESEARCH PAPER ON MODELING AND 
SIMULATION OF DISC BRAKE TO ANALYSE 
TEMPERATURE DISTRIBUTION USING FEA, BY 
SUBHASIS SARKAR (DR), PRAVIN P. RATHOD A.I. 
MODI. 2014 ISSUE 03, VOL. 2 OF IISRD; 

Here it is mentioned of a paper presented by Talati and 
Talalifar (2009), about  the heat conduction in a disc brake 
system, here the governing heat equations applied for the 
disk and then the pad an extracted which are in a form of 
transient heat equations with some amount of heat 
generation And then the conclusion made was that the heat 
that was generated because of friction generated between the 
disc and the pad must be ideally dissipated to the 
environment in order for avoiding the decrease in friction 
coefficient between the dire and pad to avoid rise in value of 
temperature and excessive heating leading to brake fluid 
vaporization. 

III. MATERIALS USED FOR MANUFACTURING OF 
DISC BRAKE 

There are various materials that can be used for 
manufacturing of brakes but the materials are chosen in such 
a way that it should be economic as well as having a high 
wear and tear resistance and cannot fade in a short period of 
time while it should be able to stop the vehicle at a 
minimum possible distance: 

1) CAST IRON 

2) STAINLESS STEEL 

These are the most common materials that are being 
used for manufacturing of disc brakes. 

DESIGN PARAMETERS OF DISC BRAKE 

It is designed using the CATIA software and the CAD 
model is shown below: {Diameter 190mm} 

 

IV. ANALYSIS OF DISC BRAKE 

The analysis of the disc brake is done using the FEM 
meaning finite element analysis in ANSYS MECHANICAL 
and has calculated most of the parameters that are 
responsible of the failures of the braking equipment. In this 
paper we analyzed static and transient thermal analysis of 
disc brake system. In material section of disc brake is to be 
Grey cast iron. Both analysis has done using ANSYS 
software. 
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A. STATIC STRUCTURE ANALYSIS 

Through static structural analysis we can get the 
resulting values of the various stresses acing on the disc and 
most important fact is that we can find the values of the 
maximum and minimum values of the resulting stress. This 
method uses FEM as a base method and does the calculation 
using various failure criteria so we can say failure theories.   

 

CAE RECORDS (static): 

1) Stainless Steel 

 

 

2) Cast Iron 

 

 

 

B. THERMAL ANALYSIS 

Through thermal structural analysis we can get the 
resulting values of the various thermal properties acing on 
the disc and most important fact is that we can find the 
values of the maximum and minimum values of the thermal 
parameters. This method uses FEM as a base method and 
does the calculation using various failure criteria so we can 
say failure theories. 

CAE RECORDS (thermal): 

1) Stainless steel 

 

 

2) Cast iron 
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V. RESULTS 

From the above experiments we have formulated the 
CAD model of the brake disc that is used in the electric go-
karts and have done the analysis of the brake disc using 
ANSYS software and got the values of various parameters 
as specified below table. 

 

S.NO PARAMETERS 
STAINLESS 

STEEL 

CAST 

IRON 

1. 
EQUIVALENT 

STRESS 

MAX-3.7013e7 

Pa 

MIN-4.2402e7 Pa 

MAX-

3.4048e7 Pa 

MIN-

4.0081e7 Pa 

2. 
TOTAL 

DEFORMATION 

MAX-2.3161e-6 

M 

MIN-2.5734e-7 M 

MAX-

3.8772e-6 

M 

MIN-0 M 

3. 
TEMPERATURE 

DISTRIBUTION 

MAX-134.01 C 
MIN-12.129 C 

MAX-

134.01 C 
MIN-12.122 

C 

4. TOTAL HEAT FLUX 

MAX-6.7758e6 

W/m2 

MIN-1.1479e5 

W/m2 

MAX-

5.8243e6 

W/m2 

MIN-98436 

W/m2 

 

VI. CONCLUSION 

The steady state thermal and static structural analysis of 
the disc brakes is recurrent in brake application that has been 
performed in conjunction with the theoretical style. 
Supported the results from ANSYS it can be concluded that 
being the 2 major materials for manufacturing of brakes cast 
iron is better as compared to stainless steel as from the 
results from ANSYS analysis systems. 

The study will give a helpful style tool and improve the 
brake performance of braking system. Comparing the 
different results obtained from analysis, it's over that disc 
brake of cast iron material is t the very best combination for 
the current application over the stainless steel. 
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Abstract – At present for industries it is a challenge to 
produce products of good quality and should have high 
durability. In this engineering world there is great a great need 
of various engineering materials to satisfy these engineering 
needs. The material usage mainly depends on the material 
strength and properties. Aluminium 7 series alloy has good 
mechanical properties and low density; it is mainly used in 
transportation applications like aerospace, marine and 
automobile manufacturing. The aim of this work is to discuss 
the manufacturing process for different 7075 alloys required to 
obtain the spheroidal grain structure suitable for thixoforging. 
A literature review the semi-solid processed Al 7 series alloys is 
displayed. Application of the compo casting process led to a 
transformation of a dendritic to a no dendritic structure of the 
base alloy. The mechanical properties of the composite are 
improved in relation to the base alloy. 

Keywords: Aluminum-7075, Thixoforging, Casting, Semi 
Solid 

 
Abbreviations 
Al  - Aluminium 
SSM - Semi Solid Metal 
RC - Rheocast 
USV - Ultrasonic Vibrations 
dT - temperature difference 
dfs - composition 
GISS - Gas Induced Semi – Solid 
SSR - Semi Solid Rheocasting 
SSD - Semi Solid Processing 
SST - Semi Solid Temperature 
SIMA- Strain Induced Melt Activated 
MMC- Metal Matrix Composite 
Mg - Magnesium 
Si - Silicon 
TRT - Technique – Thermal Rate Treatment 
 

I. Introduction 

A lot of researches have been focused on the semi-solid 
metal (SSM) processing since it was invented in 1970s at 
Massachusetts Institute of Technology. Components 
produced by this unique technique have various advantages 
compared with the conventional liquid casting, such as low 
porosity, heat treatability and superior mechanical 
properties. The Rheocasting process becomes popular in 
recent years, because it possesses several advantages over 
thixoforming process, including increasing mould life, low 
cost, enhancing casting precision and qualities. Rheocasting 
involves stirring the melt during solidification to produce a 
non-dendritic semi-solid slurry, then injecting the slurry 
directly into a mould or die to give a final product. The 
ultrasonic vibration (USV) for making semi-solid slurry is a 
relatively new method in rheocasting process. This novel 
technology requires less expensive equipment for 
production and it is easy to be introduced into the melt. The 
alloys commonly used for SSM processing are certain cast 
Al alloys, and some wrought Al alloys of 2000 or 7000 

series. However, little study has been conducted to process 
5000 series Al alloys by SSM processing. The 5000 alloys 
have been found a large variety of applications including 
architectural, household appliances, marine craft, and 
automotive structures due to its excellent combination of 
weldability and corrosion resistance. They are generally 
classified as a non-heat treatable aluminium alloys, and 
their strength are not high enough to be used as structural 
components. Therefore, it is necessary to adopt proper 
processing to obtain higher mechanical properties for these 
series alloys.  Compared with conventional casting and 
forging processes, semi-solid forming offers significant 
advantages, such as increased die life, reduced micro-
segregation, and improved mechanical properties. 

A new method named Semi-solid metal casting (SSM) is 
a near net shape variant of die casting. The process is used 
today with non-ferrous metals, such as aluminum, copper, 
and magnesium, but also can work with higher temperature 
alloys for which no currently suitable die materials are 
available. The process combines the advantages of casting 
and forging. The potential for this type of process was first 
recognized in the early 1970s.  

SSM is done at a temperature that puts the metal 
between its liquids and solidus temperature. Ideally, the 
metal should be 30 to 65% solid. The semi-solid mixture 
must have a low viscosity to be usable, and to reach this low 
viscosity the material needs a globular primary surrounded 
by the liquid phase. The temperature range possible depends 
on the material and for aluminum alloys can be as much as 
50 °C. 

Semi-solid casting is typically used for high-end 
applications. For aluminum alloys, typical parts include 
structural medical and aerospace parts, pressure containing 
parts, defense parts, engine mounts, air manifold sensor 
harnesses, engine blocks, and oil pump filter housings. The 
below flow chart gives a clear idea of semi-solid processing 
of metals. 

 

Fig 1.1 Semi Solid Processing of Metals 
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The process relies on the thixotropic behavior of alloys 
with a spheroidal rather than a dendritic microstructure in 
semisolid state. Flemings and his students were the first to 
discover accidentally this thixotropic behavior in the early 
1970s while performing continuous hot tearing test of 
solidifying Sn-15% Pb. In thixotropic condition, an alloy 
decreases in viscosity if it is sheared but it will thicken again 
if it is allowed to stand. This process requires uniform 
heating and partial re melting of the alloy slug to obtain a 
homogeneous consistency throughout. This technology 
promises some advantages such as prolonged die life due to 
less thermal shock and also provides more laminar cavity fill 
which could lead to reduced gas entrapment. This process 
also can improve the usage of feedstock materials and it can 
contribute to the reduction of processing cost of thixoformed 
parts. Viscous flow is improved in semisolid metal 
processing because this process can provide additional 
laminar cavity fill, which can reduce gas entrapment.  

The automotive component illustrated in figure 1.2 is an 
example where the near-net-shape, mechanical integrity, 
high strength, optimum ductility and high volume of 
production characteristics of thixo forming have enabled a 
cost effective design solution to be achieved. The issue for 
potential industrial users is therefore to evaluate accurately 
the full extent of the costs and benefits to be gained through 
implementing the technology. The difficulties in achieving 
this arise from the reliability of predictions of future cash 
flows and evaluation of what are often considered to' be 
‘intangible’ benefits. 

 

Fig 1.2 Automobile Component Made of Thixo formed Process 

Alloying in SSM Casting 

In addition, the process temperature (slurry temperature) 
must be the temperature at which the liquid portion of the 
slurry has a mostly eutectic composition. The reason for this 
is that to obtain the stability of the slurry at working 
temperature, the solid fraction sensitivity (dfs/dT) should be 
as small as possible. Fig 1.3 Illustrates the amount of heat 
that is produced at the temperature at which (dfs/dT) is the 
smallest, i.e. the 'knee point' of the solidification curve. This 
helps to stabilize the solid fraction, as the amount of heat 
needed to form the eutectic phase is large and, for this 
reason, the slurry becomes more stable during casting 
process. 

 

Fig 1.3 Typical solidification range in semi-solid processing and 
processing temperature 

 

Technologies in slurry preparation 

The above figure schematically shows different branches 
of the method in SSM casting methods developed during last 
four decades. In the early stages of the commercialization of 
the SSM casting process, thixocasting evolved into a process 
capable of preparing slurries with excellent thixotropic 
characterization. Despite of good process controllability in 
thixocasting, a high degree of industrialization has not been 
achieved. This arises from the production restriction, mainly 
due to the cost of the preformed thixoformed billet and the 
inability to recycle scrap in-house. In contrast to the initial 
stages of developing process of the SSM casting, direct 
slurry formation from molten metal or rheocasting process 
as a means of decreasing primary investment was developed 
during the last decade. In this type of SSM casting, the key 
point to be more effective is to cool down the melt to a semi-
solid temperature for the production of slurry by extraction 
of heat from the melt in very time-efficient ways. However, 
most of the rheocasting processes have been designed based 
on temperature-control mechanisms that generally utilise by 
thixocasting processes. In this method, the cooler 
surroundings extracts heat, generate solid particle, and by 
applying the shear force at the same time prepare the slurry. 
Such methods are often time- consuming, complex and slow 
the processes. 

In contrast, newly developed approaches such as semi-
solid rheocasting (SSR), the gas- induced semi-solid (GISS) 
and RheoMetalTM process apply shear force when copious 
nucleation starts to form by means of an internal heat 
absorber. For instance, RheoMetalTM process is 
characterized by a low need for process control, short slurry 
forming times, and favorable microstructure characteristics, 
which altogether means that it is possible to produce high 
integrity rheo cast components in an effective way. 

SSD Processes 

There are a number of different techniques to produce 
semi-solid castings. For aluminum alloys the more common 
processes are thixocasting and rheocasting. 
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a) Thixocasting 

Thixocasting utilizes a pre-cast billet with a non-
dendritic microstructure that is normally produced by 
vigorously stirring the melt as the bar is being cast. 
Induction heating is normally used to re-heat the billets to 
the semi-solid temperature range, and die casting machines 
are used to inject the semi-solid material into hardened steel 
dies. Thixocasting is being performed commercially in 
North America, Europe and Asia. Thixocasting has the 
ability to produce extremely high quality components due to 
the product consistency that results from using pre-cast billet 
that is manufactured under the same ideal continuous 
processing conditions that are employed to make forging or 
rolling stock. The main disadvantage is that it is expensive 
due to the special billets that must be used. Other 
disadvantages include a limited number of alloys, and scrap 
cannot be directly reused. 

b) Rheocasting 
Unlike thixo casting, which re-heats a billet, rheocasting 

develops the semi-solid slurry from the molten metal 
produced in a typical die casting furnace. This is a big 
advantage over thixo casting because it results in less 
expensive feedstock, in the form of typical die casting 
alloys, and allows for direct recycling. However, rheocasting 
also poses process control issues such that after an initial 
surge of activity, very little material is processed via 
rheocasting. Rheocasting is the Cost-effective Semi Solid 
Processing Route used now a days. 

c) Thixomolding 
For magnesium alloys, thixo moulding uses a machine 

similar to injection moulding. In a single step process, room 
temperature magnesium alloy chips are fed into the back end 
of a heated barrel through a volumetric feeder. The barrel is 
maintained under an argon atmosphere to prevent oxidation 
of the magnesium chips. A screw conveyor located inside 
the barrel feeds the magnesium chips forward as they are 
heated into the semi-solid temperature range. The screw 
rotation provides the necessary shearing force to generate 
the globular structure needed for semi-solid casting. Once 
enough slurry has accumulated, the screw moves forward to 
inject the slurry into a steel die. 

d) Strain-induced melt-activated (SIMA) 
In the SIMA method the material is first heated to the 

SMM temperature. As it nears the solidus temperature the 
grains recrystallize to form a fine grain structure. After the 
solidus temperature is passed the grain boundaries melt to 
form the SSM microstructure. For this method to work the 
material should be extruded or cold rolled in the half-hard 
tempered state. This method is limited in size to bar 
diameters smaller than 37 mm (1.5 in) 

Advantages 

The advantages of semi-solid casting are as follows: 

1. Complex parts produced net shape 
2. Porosity free 
3. Reduced shrinkage 
4. Excellent mechanical performance 
5. Tight tolerances 
6. Thin walls 
7. Good surface finish 

Composite Material 

A composite material is a macroscopic combination of 
two or more distinct materials, having a recognizable 
interface between them. Composite is a multiphase material 
that exhibits significant proportion of the properties of both 
constituent phases such that a better combination of 
properties is realized. This is termed as the principle of 
combined action. There are different types of composites 
namely: 

1. Fibre Reinforced Composites 
2. Metal Matrix Composites 
3. Ceramics Matrix Composites 
4. Carbon Composites 

Metal Matrix Composites 

The matrix in a metal matrix composite (MMC) is 
usually an alloy, rather than a pure metal. A metal matrix 
composite (MMC) is a composite material with at least two 
constituent parts, one being a metal. The other material may 
be a different metal or another material, such as a ceramic or 
organic compound. 

 

a) Monofilaments b) Whiskers/short fibres    c) 
Particle 

Fig 1.4 Schematic presentation of three shapes of metal 
matrix materials 

Need of Metal Matrix Composite 

The need for composite materials has become a necessity 
for modern technology, due to the improved physical and 
mechanical properties. Metal matrix composites (MMC) 
have been developed in recent years. Metal Matrix 
Composites have emerged as a class of material capable of 
advanced structural, aerospace, automotive, electronic, 
thermal management and Wear applications. A composite 
material is a material consisting of two or more physically 
and/or chemically distinct phases. The composite generally 
has superior characteristics than those of each of the 
individual components. Usually, the reinforcing component 
is distributed in the continuous or matrix component. When 
the matrix is a metal, the composite is termed a metal-matrix 
composite (MMC). 
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Application of Metal Matrix Composites 

Metal composite materials have found application in 
many areas of daily life. Metal Matrix Composites (MMCs) 
are increasingly found in the automotive industry. These 
materials are produced in situ from the conventional 
production and processing of metals. Metal matrix 
composites (MMCs) are a class of materials with the ability 
to blend the properties of ceramics (high strength and high 
modulus) with those of metals or alloys (ductility and 
toughness) to produce significant improvements in the 
mechanical properties of the composite over those of the 
monolithic metal or alloys.  

Table 1.1 Reinforcement materials for metal matrix 
materials 

METAL MATRIX 

MATERIALS 

REINFORCEMENT 

MATERIALS 

Magnesium Carbide 

Copper Alumina oxide 

Nickel Boron nitride 

Zinc Graphite 

 

Literature Survey 

Misra and Oswalt [1] have studied the aging 
characteristic of the alloy, and their observations are 
reproduced here. Ti refined Al-Mg-Si alloys consists of two 
different precipitates namely like TiAl2 and platelets 
Mg2Si.When the structure consists entirely of Mg2Si 
precipitates, material exhibits maximum strength properties 
Normally the alloys are artificially aged to attain acceptable 
combination of tensile strength and acceptable elongation. 
Solution treated specimen contains only TiAl2 needles, 
which acts as nucleation agents. As precipitation process 
progresses, density of TiAl2 continuously decrease while 
that of Mg2Si platelets increases. When only Mg2Si 
precipitates are observed, the microstructure corresponds to 
best possible elongation, with peak strengths. Combination 
of this with low “Dendrite Arm Spacing” gives the 
maximum tensile properties. 

Hanliang Zhu, et.al [2] in his paper has conducted 
experiments on mechanical properties and metallurgical 
properties of Al-7Si-Mg cast alloys at different aging 
conditions. It was noticed that strength properties vary with 
aging. Aging at 165 °C gives the optimum balance of 
strength and ductility. Planar slip bands and (GP) zones 
were observed using TEM. Coarse slip bands increased with 
increase in aging temperature or time. They used over aging 
treatment to enhance tensile strength properties. From his 
studies it is concluded that over-aging treatment can used to 
improve the overall tensile properties. 

Witthaya Eidhed [3] in their studies on the effect of 
solution treatment time on microstructure and hardness of 
Al-12Si-1.3Cu-1.1Ni alloy produced by permanent mold 
casting found maximum hardness with microstructure at 
short solution time between 4 and 6 hr. The solutionizing 
temperature selected was 520o C with holding times of 0.5, 
1, 1.5, 2, 4, 6, 8 and 10hr. This was followed water 
quenching and aging at 175oC for 15 hr. 

M. N. Mazlee, J. B. Shamsul, H. Kamarudin [4] studied 
the influence of superheat treatment on the microstructure 
and dynamic mechanical properties of A357 alloys. Optical 
microscopic studies showed larger eutectic Si particles and 
larger α-Al dendrites in non-superheated A357 alloy than 
superheated alloy. Dynamic mechanical properties have 
shown high damping capacity of superheated A357. 

Haga and Suzuki [5] casted Aluminum alloys via a 
cooling slope by pouring alloy between 640oC and680°C. 
They concluded that the cooling rate affects the spheriodity 
of primary α-Al particles. It was clarified that the primary 
crystal became globular when the ingot cast using the 
cooling slope was re melted into the semisolid state. Casting 
factors, which affected the sphericity of the primary crystal 
when the ingots were re melted, were investigated. The 
cooling rate of the ingot in the mold was found to be the 
most important factor in making primary crystal globular 
when the ingot was re melted. 

Chirita et.al [6] studied the hypo and hyper eutectic Al-
Si alloys mechanical properties produced by centrifugal and 
gravity die casting processes. The centrifugal castings 
showed better rupture strength, % elongation and modulus 
of elasticity than die cast specimen. 

H. Budiman, et.al [7] Studied the “Effect of Water 
Cooling on the Production of Al-Si Thixotropic Feedstock‘’ 
and they observed that metallic alloys with non- dendritic 
microstructure in the semi-solid state are required for semi-
solid processing. Then only they can be sheared to flow to 
fill the die cavity and thicken after cooling. In their 
experiments Al-Si alloy was melted in a graphite crucible 
with dry argon degassing and poured on boron nitride coated 
mild steel cooling slope. They investigated effect of water 
cooling on cooling slope and it was concluded that the water 
cooling influence the volume, size, and shape factor of α-Al 
particle. 

Erhard Ogris [8] in his PhD thesis investigated on the 
development of new ductile Al-Si-Mg alloys from semi-
solid metal. The silicon spheroidization and its influence on 
mechanical properties was theoretically and experimentally 
described. Modeling as well as experimental investigations 
of the silicon spheroidization show that well modified 
eutectic silicon spheroidizes within minutes of soaking time 
between 500°C and 540°C. The application of this silicon 
spheroidization treatment (SST) to thixo formed components 
resulted in outstanding fracture elongation values (up to 
18%) at good yield strength level (~230MPa). FEM 
simulations of the short high temperature heat treatment 
confirm a short process time for successful SST even for 
components with notably variable wall thicknesses. 
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Geng Haoran et.al. [9], studied a new melting technique-
thermal rate treatment (TRT) in connection with Al-Si based 
alloys and they noticed that TRT treatment improves impact 
toughness of the material, refines primary silicon phase and 
increases amount of α phase. 

H. Moller et.al [10] studied the semi-solid metal (SSM) 
high-pressure die casting (HPDC), the newly developed heat 
treatment cycles, and the traditional heat treatment cycles 
indicating that similar values of hardness can be obtained by 
using significantly shorter heat treatment cycles. The tensile 
properties obtained for SSM- HPDC were compared with 
those manufactured by gravity die-casting. It was inferred 
that the changed microstructures (globular or dendrite) do 
not have a noteworthy effect on the heat treatment response 
and this implies that the short heat treatment cycles 
originally developed for globular SSM-HPDC A356 
castings can be successfully applied to dendritic liquid A356 
castings too. 

M.WESSÉN et.al [11] in their work the microstructure 
and tensile properties were investigated in a thick-walled 
section (approximately 45 mm×43 mm) of a rheocast 
component. Prolonged solidification period of may lead to 
coarse Al-Si eutectic. To reduce the coarseness of the 
eutectic sodium was used as a modifier. They prepared 
tensile test specimen from 1) As cast, 2) Na modified melt 
cast and 3) modified melt cast 30 min after Na addition. The 
material was studied in as cast condition and in T6 
condition. The results show that Na addition even after a 
fading time of 30 min, refined Al-Si eutectic. But Na 
modification reduced yield strength by more than 30%. 

M. Hitchcock et.al [12] studied Solidification behavior 
of Al–7Si–0.6Mg slurry and effect of rheo die casting on 
microstructure .They characterized the 2017 aerospace 
aluminum alloy through metallographic investigations. For 
the 2017 alloy precipitation strengthening by solution 
treatment at 550ºC and age-hardening heat treatment 
processes were conducted. Microstructure of the heat-treated 
samples showed uniform distribution of fine θ’ particles in 
the α-matrix of the aluminum alloy; this precipitation 
strengthening and age-hardening heat-treatment processes 
enabled2017 aluminum alloy for aerospace application. 

Aleksandar Vencl [13] tested microstructural, wear and 
mechanical properties of thixocast and heat-treated Al-Si 
alloy A356 (Al-Si7-Mg0.3). Results of tribological tests 
were compared with that of grey cast iron. Plastic flow of 
the alloy was noticed under dry sliding conditions and 
lubricated conditions showed less plastic deformation with a 
low coefficient of friction. 

Z. Fan, X. Fang, S. Ji [14] studied a new semisolid metal 
(SSM) processing technology, the rheo-die casting process. 
In this direct shaping of the semisolid slurry into required 
component was carried out using cold chamber die casting 
process. The RDC process can be applied for cast and 
wrought Al-alloys. In this paper, they presented the 
microstructure and mechanical properties of the RDC Al-
alloys under as cast, and heat treatment conditions. The 
results indicated that the RDC samples have negligible 
porosity, fine and uniform microstructure in the as-cast 
condition. When compared with conventional high-pressure 

die casting or any other process, RDC samples have shown 
better tensile strength and ductility. It was also found that 
heat treatment of these Al-alloys, under T5 and T6 
conditions improved strength but with a slight decrease in 
ductility. 

Tim Basner [15] the most popular aluminum alloys for 
semi-solid automotive components are A356 and A357. The 
density of rheocast semi-solid A357 is higher than die cast 
A357 and allows for both T5 and T6 heat treatment. The 
mechanical properties of rheocast semi-solid A357 was 
found to be more dependent upon the heat treat schedule and 
casting soundness than by the solid content of the semi-solid 
slurry or the globule shape. 

M.A. Bayoumi [16] made their studies on extruded semi 
solid as cast A356 alloy. Extrusion temperatures selected 
were 560°C, 570°C, 580 °C, and three isothermal holding 
times selected were 5min 30min and 60 min respectively. 
Extrusion reduction ratios selected were of 5.3 and 17. 
Modification improved hardness and impact strength, wear 
resistance and fatigue strength of the alloy when compared 
to conventional cast alloys. They observed fractured 
surfaces of tensile specimen using SEM. 

G.T. Abdel-Jaber1, et.al [17] investigated solidification 
behavior and mechanical behavior of Al-Si alloy (Si3-15%) 
at different moulding conditions. microstructural studies and 
wear studies carried out by using a pin on disc tribometer to 
investigate the effect of the alloying element content and the 
molding conditions on the wear resistance and the 
coefficient of friction of the alloy. The results showed that 
the solidification time increased with the increasing of 
silicon content up to 12%. However, an increase of both the 
ultimate tensile strength and the hardness is obtained by the 
increase of the silicon content. Wear rate decreased and 
coefficient of friction increased with increase in silicon 
content. 

Madhusudhan Reddy and Srinivasa Rao. K [18] 
investigated the feasibility of locally modifying the surface 
properties of cast aluminium alloy A356 using friction stir 
processing (FSP).Hardness plots have showed40% increase 
in hardness, compared to the as-cast metal. Uniform micro-
hardness, excellent wear resistance and excellent pitting 
corrosion resistance were observed in the friction stir 
processed A356 aluminum alloy. This could be due to 
homogenous distribution of fine Si particulates throughout 
the α-Al matrix. 

D.R. Gunasegaram, et.al [19] in their studies observed 
that high pressure die-cast (HPDC) aluminium components 
that respond to age hardening cannot be solution treated at 
high temperatures due the presence of internal porosity and 
entrapped gases. Due to swelling components may be 
dimensionally inaccurate. This can be avoided by using 
modified shorter solution treatment procedures. In this 
present paper, the roles of critical alloying elements are 
considered in both current commercial and experimental 
alloy compositions in this series. It is shown that values of 
0.2% proof stress exceeding 400 MPa may be readily 
achieved by heat treating conventionally produced HPDC 
components. 
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Chen Zhongwei and Zhang Ruijie [20] studied the effect 
of strontium on primary dendrite and eutectic temperature of 
A357 aluminium alloy and their results were summarized 
here. They modified A357 alloy with strontium. It was 
observed that Sr modifies the Al-Si eutectic, affects the 
primary α-Al dendritic matrix and growth temperature of α -
Al dendrite. Al-Si eutectic decreases more prominently at 
higher cooling rates. 

K.N. Prabhu and P. Hemanna [21] in their studies on 
“Heat Transfer during Quenching of Modified and 
Unmodified Gravity Die-Cast A357 Cylindrical Bars”, heat 
transfer during quenching of chill-cast modified and 
unmodified A357 Al-Si alloy was examined using a 
computer-aided cooling curve analysis. Water at 60 °C and a 
vegetable oil (Palm oil) were used as quench media. The 
investigation clearly showed that the heat transfer during 
quenching depends on the casting history. The modification 
changed the silicon morphology this could be the reason for 
increase in the cooling rate and peak heat flux. The increase 
in electrical conductivity of modified samples than 
unmodified samples confirmed this. But modification 
decreased ultrasound velocity. 

Q. G. WANG et.al. [22] studied on ‘’The effect of Mg 
content on the solidification and precipitation behaviour of 
both as cast and Sr- modified Al-7Si-Mg casting alloys with 
Mg concentrations covered the range from 0.3 % to 0.7%, at 
various solidification rates using cooling curve analysis, 
optical and electron microscopy. They observed that 
increasing Mg content or cooling rate lowers the liquidus 
and binary Al-Si eutectic transformation temperatures. Si 
present in the alloy influences the latent heat of fusion of 
these alloys but Mg does not. At Mg levels of 0.6% and 
higher only ternary reaction is observed. Mg levels above 
0.5% did not affect yield strength but precipitates increased 
with Mg content. 

Wislei R. et.al [22] noticed that hypoeutectic Al-Si 
alloys can have significant improvements in mechanical 
properties by inducing structural modification in the 
normally occurring eutectic. The modification not only 
affects the mechanical properties but also the corrosion 
resistance of these alloys. Modification changes grain size 
and inter dendritic spacing which in turn influence the 
corrosion resistance of alloys. In their present study, 
modified and as cast samples of an Al 9 wt. % Si alloy were 
solidified under similar solidification conditions. The 
corrosion resistance was tested by electrochemical 
impedance spectroscopy technique and the Tafel 
extrapolation method. Test was carried out in a 0.5 M NaCl 
test solution at 25°C. The impedance parameters and 
corrosion rate were obtained from an equivalent circuit 
analysis. The corrosion resistance of as cast alloy was better 
than that of modified alloy. 

Girish Kumar et.al. [23] Modified Al– Si alloys to 
improve their mechanical properties. Thermal analysis is 
used to determine the effectiveness of modification. In their 
present study, (A357) alloy solidification behavior with or 
without chilling was observed. They concluded that effect of 
modification and chilling on Thermal analysis parameters 
were more. A theoretical model was used to predict growth 
velocities. The eutectic grain sizes were calculated using the 

model and they were in good agreement with those 
measured from ASTM standard casting microstructures. 

A.Thirugnanama, et.al [24] observed that the 
microstructural aspects of cast A356/357 alloys strongly 
depend on the %Mg, and the fracture behaviour of these 
alloys depends on the size and shape of eutectic silicon 
particles and iron-rich inter- metallic. Magnesium content 
increases both the matrix strength and eutectic particle size 
but decreases the ductility. The combined effect of 
modification and grain refinement improves the overall 
mechanical properties. Increasing the cooling rate refines the 
eutectic, Fe bearing phases improve ductility. Porosity 
defect is detrimental to mechanical properties and an 
increased level of porosity is reported to accompany the 
modification of A356/357 cast alloys. Heat treatment of 
A356/357 aluminium alloys strengthens mechanical 
properties. The fracture toughness of Al-Si- Mg alloys 
depends on silicon particle cracking. Microstructural aspects 
and fracture behavior of A356/A357 alloys was studied in 
this paper. 

Conclusions 

Here in this paper different literature review was 
discussed on the semi-solid processing of Aluminium 7 
series and it constituent’s alloys in the application of 
automobile, aerospace, marine and defense applications. It is 
hereby declared that the manufacturing process also effect 
the mechanical and thermal properties of the material when 
subjected to loads. It is also said that these alloys behave 
differently with filler materials that increases the strength 
and decreases the porous nature of the material. Heat 
treatment increases the better malleability of the material 
and good microstructural properties for better applications in 
defence. These materials can be used as the armour of the 
tanks for better durability of the vehicle. 
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Abstract—An experiments have been performed under 

laboratory condition to study the mechanical behavior and 
microstructure of the hybrid composite with aluminium 
matrix A7075 alloy, reinforced with silicon carbide (Sic) and 
Flyash. The fabricating the samples has been done by using 
stir casting technique. Scanning electron microscopy (SEM) 
was used for microstructure analysis. Mechanical properties 
were carried out on both the base alloy and composite. 
Enhanced hardness was observed for the composite. 
Interestingly improved tensile results were obtained for the 
composite than alloy. The hardness of the composite is 
increased due to dispersion of (Sic) and Flyash particles in 
aluminium matrix. 

Keywords -- A7075 alloy, (Sic) and Fly ash, (SEM) 
Scanning electron microscopy, (XRD) X-ray diffraction. 

Nomenclature 
ρMMC = density of composite 
m= mass of the composite 
m1= mass of the composite in distilled water 
ρH2O= density of distilled water 
Vr = weight ratio of reinforcement 
ρr = density of reinforcement 
ρc = density of composite 
ρm is the density of the unreinforced alloy 

 

I. INTRODUCTION 
Composites have wide variety of application in 

aerospace, defense and it in automotive industries because 
of its unique properties such as high specific strength, wear 
resistance, strength-to-weight, strength-to-cost, etc. (1). By 
introduce hard ceramic particulates like SiC, Al2O3 and B4C 
into aluminium based matrix, results in to enhanced the 
various properties. From the literature study reveals that 
among the reinforcements SiC is chemically compatible 
with aluminium and forms an adequate bond with the 
matrix without developing inter- metallic phase and has 
other advantages such as excellent thermal conductivity, 
good workability and low cost (2). In order to attain high 
strength to low weight ratios in materials the usage of 
Aluminium metal matrix composites (AMMCs) are used 
very extensively which can be used for sophisticated 
aerospace and automobile structures because of their 
properties which can be customized in the course of the 
accumulation of preferred reinforcements . Al2O3 is one of 
the widely used second reinforcement. But it has its own 
demerits like poor wetting behavior with aluminium and 
more weight percentage leads to increase in porosity (3). 
They share a good fraction in automobile and aerospace 
applications (4-6). Among these particles reinforced metal 
matrix composites have found unique interest due to their 
elevated specific stiffness and specific strength at normal or 
elevated temperature. Normally micron sized ceramic 

particles are used as reinforcement to improve the 
properties of the MMCs.  

Due to their high heat resistant properties, ceramic 
particles are mainly used as reinforcements. Out of various 
ceramics used fly ash is one of the economic as well as low 
density reinforcement which is available in plenty as waste 
derivative during incineration of charcoal at thermal power 
plants. Ibrahim et al. (7) in his review observed that the 
properties of material obtained by means of metal matrix. A 
composites with varying reinforcement percentage up to 
20% in increment of five, by considering dissimilar alloys 
A6061, A2014, and A356. It is concluded that by rising 
reinforcement percentage the tensile properties like yield, 
and ultimate strengths has been increased whereas the 
elongation of alloy found to be decreased. Lloyd et al. (8) 
W.H et al. (9) and D Silva et al. (10), particle induced 
damage in MMCs has been studied, with Metal matrix 
composites with a size superior to 10 μm. The cracking of 
particles has been observed which indicate the dominant 
damage mechanism. Accordingly properties of metal matrix 
composites will depend on the particulate size. An attempt 
has been made to fabricate Al/TiB2/Al2O3 composite in our 
previous work. In this present work an attempt has been 
made to introduce SiC an outstanding reinforcement among 
all the other reinforcements. 

This present work analyses the various mechanical 
properties on both base alloy and hybrid composite. 

II. EXPERIMENTAL 

A.  Fabrication of composites 

Aluminium based hybrid MMC having Sic and Fly ash 
particles of 53μm and 3% weight was fabricated by eddy 
process. A7075 was used as base material and chemical 
composition is shown in table1. 

TABLE 1. Elemental analysis of A 7075 alloy by wt. %. 

Elemental analysis of A 7075 alloy by wt. %. 
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Fig. 1 Stir casting 
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Fig. 2 Casted fingers 

The composite was produced by stir casting as shown in 
“Fig. 1”. Small sized ingots of aluminium zinc alloy are 
loaded into a crucible made of graphite and placed in an 
electric furnace in which the melting was performed. A 
pool is created in the middle of graphite crucible using a 
stirrer operated mechanically and the temperature should be 
maintained around770°C throughout the casting.  

The preheated particulates of SiC and fly ash were 
dropped uniformly into the melt. To ensure continuous and 
smooth flow of the particles proper care should be taken to 
avoid the agglomeration. The inert gas shielding should be 
maintained throughout to avoid the oxidation as the casting 
is exposed to the atmosphere during the stirring time 
approximately 2 to 3 minutes. Still, the melt with 
reinforcement was in stirring condition the same was casted 
into cast iron mold which is preheated to 200 0C as shown 
in “Fig. 2”. The fabricated ingots were homogenized at 
1100C for 24hrs to minimize the chemical in homogeneities 
and to remove any internal stresses induced in the castings. 

III. CHARACTERIZATION OF COMPOSITES 

A.  Metallography and hardness 

A Scanning electron microscopy (SEM) (Model: 
Hitachi S-3400N - Japan) was used, to evaluate the 
morphological changes and elemental analysis of the 
composite and base alloy. Brinell hardness tester (Model 
No: RAB250) is used to find the hardness of the composite 
and base alloy by taking 3 readings on an average. 

B.  Density studies 

By using the technique of Archimedes principle the 
densities of composite and base alloy were found by using 
the relation: 

ρMMC = (m) / {(m-m1) x ρH2O} 

By using the concept of rule of mixtures the theoretical 
density calculations was done using following relation. 

ρcomposite = Vr ρr + (1-Vr) ρm 

C.  Tensile tests 

Tensile properties of alloy and composite was 
determined by means of FIE/UTN-40 testing machine as 
per ASTM B557 standards. Plotting has done continuously 
through a data attainment system with an electronic 
extensometer. 

IV. RESULTS AND DISCUSSIONS 

A.  Microstructures 

“Fig. 3(a-d)” shows the SEM micrographs of fly ash, 
SiC particles, and hybrid composite varying with wt. 
percentage. We can observe that, addition of particulates of 
the SiC and fly ash in the base alloy, i.e. by increasing the 
reinforcement content by weight percent which can be seen 
noticeably, “Fig. c”, shows the microstructure of the base 
alloy and whereas the “Fig. d”, shows the addition of the 
particulates to the base alloy, difference was noticed clearly 
in the microstructures. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig 3. (a) Microstructure of flyash particles (b) SiC particles (c) base 
(d) 3% Flyash/SiC composite 

B.  XRD analysis 

The XRD analysis in “Fig. 4”, shows   a mineralogical 
composition. In the presence of silica SiO2, alumina 
Al2O3, and mullite 3Al2O3∙2SiO2,silica 
SiO2 and hematite are seen. The peaks which are 
represented with miller indices are corresponding to the 
characteristic peaks of the flyash 
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Fig 4. XRD of composite 

C.  Density studies 

The average theoretical and measured values of the 
density for the base alloy and composites are shown in table 
2. It was observed that the SiC and flyash particulate 
addition to the base alloy drastically decreases the density 
of the resultant composite when compared to the base. 

TABLE 2. Densities of alloy and composites 

S.No. Specimen 
Measured density 

(g/cc) 

Theoretical 

density (g/cc) 

1 Alloy 7075 2.81 2.81 

2 
3% FA+3% SiC 

composite 
2.73 2.78 

 
By increasing the reinforcement percentage in base 

alloy the density was found to be decreased due to the low 
density of flyash particulates, also the decrease may be 
attributed to the increase of porosity with flyash. The 
obtained densities were checked by measured densities and 
found lower than theoretical ones as depicted in table2. 

 
D.  Hardness studies 

Due to the presence of hard SiC and flyash, the hardness 
was found to be increased from 115 to 120 BHN from base 
alloy to composite with 3 % reinforcement. The result 
reported by Hassan, S. F et al. and Ma, NG et al. [11, 12] is 
in the similar lines. 

TABLE 3. Densities of alloy and composites 

S.No. Specimen BHN 

1 Alloy 7075 115 

2 3% FA+3% SiC composite 120 

 
E.  Tensile studies 

Tensile test specimen type is flat were machined from 
extruded materials. “Fig. 5”, represents the line diagram of 
sample.Tensile properties of both alloy and composites 
were determined by means of FIE/UTM-40 testing machine 
as per ASTM B557 standards. Plotting has done 
continuously through a data attainment system with an 
electronic extensometer. 

 
Fig 5.  Tensile specimen measurements as per ASTM B557 

 
TABLE 4. Mechanical behaviour of alloy and composite 

S.No. Specimen 

Yield 

strength 

(YS), 

MPa 

Ultimate 

tensile 

strength 

(UTS), Mpa 

Elongat

ion (%) 

1 Alloy 7075 114.7 173.4 0.12 

2 

3% FA/ 

SiC 
composite 

121.8 174.4 0.98 

 

From table 4 it is evident that the composite exhibited 
superior properties when compared to the base alloy. A 
decrease in elongation is observed with the increase in 
reinforcement content and appears to be quite noticeable 
from the enhanced hardness allied with increased Silicon 
carbide content. 

V. CONCLUSIONS 

1. Successfully hybrid composite was fabricated by using 
stir casting technique. 
2. Identified the reinforcement particles have been uniform 
distributing in the matrix phase. 
3. SEM figures have clearly shows that there was a good 
interfacial bonding between the particles and matrix phase. 
4. The density of the composite was found to be decreased 
with an addition of reinforcement by compared with the 
base alloy. 
6. The composite hardness was increased by increase in the 
reinforcement content. 
7. The tensile properties are enhanced to the composite like 
yield strength and ultimate tensile strength when compared 
to the base alloy. 
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Establishment of SCR Test facility and Evaluation 

of 8mm pitch Honeycomb Type Catalyst in a 20 

Liter capacity SCR Test facility 
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Abstract—The objective of this project was to establish the 20 

litre capacity SCR test facility and generate the data required 

for evaluating the performance of in-house developed 8mm 

pitch honeycomb type SCR catalyst with dust concentration of 

about 30 to 52 g/nm3 in coal based flue gas. SCR test facility is 

capable to process up to 60 Nm3/hr of flue gas generated from 

coal combustion process with 30-60 grams /Nm3 of dust 

concentration. The NOx removal efficiency, ammonia slip and 

differential pressure across honeycomb catalyst was 

investigated with dust concentration of 30-52 grams/Nm3 in 

flue gas by varying the space velocities (2500-1500 per hr.) and 

flue gas temperatures (300–3500C) using anhydrous ammonia 

as reducing agent and the ratio of ammonia (NH3) to Oxides of 

Nitrogen (NOx) was maintained as 0.9 to 1.0 for all the 

experiments. The result shows that the NOx reduction 

efficiency achieved with honeycomb was 81.89 – 86.75% at 

2500-1500 per hr. space velocities and the ratio of ammonia 

(NH3) to oxides of nitrogen (NOx) was maintained at 0.9. NOx 

reduction efficiency achieved with honeycomb was 82.72– 

88.23% at 2500-1500 per hr. space velocities and the ratio of 

ammonia (NH3) to oxides of nitrogen (NOx) was maintained at 

1.0.Ammonia slip measured was in the range of 1.3 to 1.9 ppm 

for honeycomb catalyst at 0.9 for ammonia to oxides of 

nitrogen.The total Differential Pressure (DP) across 

Honeycomb SCR catalyst was 28-38 mmWc over a 2250mm 

length. 

 

Keywords—Selective catalytic reactor, honeycomb, catalyst, 

space velocity, Nox conversion efficiency, ammonia slip. 

I. INTRODUCTION 

Fossil fuels play a crucial role in the energy mix, and will 

continue to play a major role in decades to come. Coal is 

the most common source for heat and power production, 

and the role of coal will continue to be very important in 

the near future. According to EIA statistics for 2016, coal 

remains the second largest energy source worldwide until 

2030 and from 2030 through 2040, it is the third-largest 

energy source. World coal consumption increases from 

2012 to 2040 at an average rate of 0.6%/year [1]. The coal 

combustion generates solid and gaseous combustion 

products and is inevitably associated with environmental 

pollutants among which Oxides of Nitrogen (NOx) are 

major ones. The nitrogen monoxide (NO), nitrogen dioxide 

(NO2) and nitrous oxide (N2O) molecule belongs to the 

family of   nitrogen oxides (NOx) compounds. NOx is used 

to refer to the total amount of nitrogen oxides. About 95 % 

of oxides of nitrogen from industrial activities come from 

combustion processes. NOx can cause severe health 

problems and have strong environmental impacts. The main 

effects are: Formation of ground-level ozone, formation of 

acid aerosols, formation of acid rain, deterioration of water 

quality, formation of toxic chemicals and global warming. 

In view of severe health issues and strong environmental 

impacts, the Ministry of Environment and Forest (MOEF), 

GOI issued notification for implementation of emission 

norms for particulate matter (PM), sulphur di-oxide (SO2), 

oxides of nitrogen (NOx) and mercury (Hg). The final 

emission limits under Title IV, promulgated in February 

1998, are shown in Table 1, 2 & 3. 
 

Table 01:TPPs (units) regulatory norms installed before 31st December, 
2003 

Parameter Standards 

Particulate Matter 100 mg/Nm3 

Sulphur Dioxide 
(SO2) 

600 mg/ Nm3 (Units Smaller than 500 MW 

capacity units) 
200mg /Nm3 (for units having capacity of 

500MW and above) 

Oxides of Nitrogen 
(NOx) 

600 mg/ Nm3 

Mercury (Hg) 
0.03 mg/ Nm3 (for units having capacity of 500 

MW and above) 

 

Table 02: TPPs regulatory norms installed after 1st Jan, 2003, up to 31st 
Dec, 2016 

Parameter Standards 

Particulate Matter 50 mg/Nm3 

Sulphur Dioxide (SO2) 

600 mg/ Nm3 (Units Smaller than 500 

MW capacity units). 

200 mg /Nm3 (for units having capacity 

of 500MW and above). 

Oxides of Nitrogen (NOx) 300 mg/ Nm3 

Mercury (Hg) 0.03 mg/ Nm3 

 

Table 03: TPPs (units) regulatory norms to be installed form 1st January, 
2017 

Parameter Standards 

Particulate Matter 30 mg/ Nm3 

Sulphur Dioxide (SO2) 100 mg/ Nm3 

Oxides of Nitrogen (NOx) 100 mg/ Nm3 

Mercury (Hg) 0.03 mg/ Nm3 

To maintain stringent regulatory norms imposed by the 

Ministry of Environment and Forest (MOEF), GOI for 

Oxides of Nitrogen (NOx), BHEL has formed CFT 

committee and identified the solution. 

 

NOx Removal techniques: Oxides of Nitrogen (NOX) can 

be controlled by using the following methods: 

 Combustion controls; and  

 Post-combustion controls;  

 

Combustion controls: The NOX emissions are reduced by 

changing the process parameters while combustion process. 

The combustion process parameters are air, coal and 

residence time. Under this method the maximum 

conversion efficiency less than 50% and also this method is 

least expensive. 
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Post-Combustion controls: In this method the NOx 

emissions which are generated in combustion process are 

converted in to nitrogen (N2). This method occurs after 

combustion process and it requires chemical reactions to 

convert the NOX in to nitrogen (N2).  These techniques 

introduce a reagents like ammonia (or) urea into the flue 

gas stream to selectively react with the NOX. The reaction 

may be completed either with or without the use of a 

catalyst. Under this technology there are two sub 

technologies available, they are: (1) Selective Non-

Catalytic Reduction (SNCR) and (2) Selective Catalytic 

Reduction (SCR). 

Table 4:  Summary of Post-Combustion Control Technologies. 

Control 

Technology 
Application NOX Reduction (%) 

SNCR 
Boilers/Process 

Heaters 
40 - 50 

SCR 
Boilers/Process 

Heaters 
80 - 90 

From the above NOx removal techniques, SCR 

technology has more efficient, very low consumption of 

ammonia, very high dioxin reduction and the emission 

levels can be achieved below 100 mg/Nm3. 

II. METHODS AND MATERIALS 

A. Sub Bituminous Coal:  

Raw sub bituminous coal of grade E and of –10 mm size 

from Singareni calories was obtained for this 

experimentation. The various analysis of coal has been 

pursued using in-house available techniques and shown in 

table 4, 5, 6, 7 & 8.  The raw coal was crushed and sieved 

to 0.5 mm to – 4 mm sizes and used for generation of flue 

gas for testing of in-house developed catalyst.  

 
Table 5: Physical properties of Sub-bituminous coal 

S.No properties of Sub-bituminous coal 

1 The mean diameter of the particle (mm) 1.75 

2 Bulk Density of coal (kg/m3) 810.04 

3 Particle Density of coal (kg/m3) 1665.1 

 

Table 6. Proximate analysis of Sub-bituminous coal: 

S.N

o 

Proximate analysis of Sub-bituminous coal 

1 Moisture (%) 2.55 
2 Ash (%) 29.25 
3 Volatile Matter (%) 28.93 

4 Fixed Carbon (%) 39.27 
 

Table 7. Ultimate analysis of Sub-bituminous coal: 

S.N

o 

Ultimate analysis of Sub-bituminous coal 

1 Carbon (%) 49.82 

2 Hydrogen (%) 3.64 

3 Nitrogen (%) 1.02 

4 Sulphur (%) 0.58 

5 Oxygen (%) 13.14 

III. EXPERIMENTAL SYSTEM DESCRIPTION 

The experiments were conducted in 20 litres capacity 

Selective Catalytic Reduction (SCR) test facility with 8mm 

pitch honeycomb type SCR catalysts. The 8mm pitch 

honeycomb type catalyst supplied by BHEL Corp. R&D, 

CTI Group Bangalore and is installed in 20 litres capacity 

Selective Catalytic Reduction (SCR) test facility to evaluate 

the performance. The existing 200mm dia pilot plant was 

operated in a combustion mode and generated flue gas for 

testing of 20 litres capacity honeycomb type catalysts for 

NOx reduction. The Process and Instrumentation Diagram 

(P&ID) for De-NOx process is shown in Figure 1. The 

performance of honeycomb type catalyst was tested with 

dust concentration of 30-52 grams/Nm3 in flue gas. The 

experimental setup comprises of the following systems/sub-

systems and are explained subsequently 

 
Table 7: The experimental setup systems/sub-Systems 

S.No Sub System 

01 Ø200mm Pilot Plant Test Facility 

02 Flue Gas Cooler-I & II 

03 On-line Dust Monitoring system 

04 NOx Measurement System 

05 Ammonia Injection system 

06 Static Mixture 

07 SCR Reactor Housing 

08 SCR Catalyst 

09 Venturi Flow Meter 

10 Ammonia Slip measurement System 

 
Figure 1: Process and flow diagram of 20 Ltrs capacity pilot plant. 

A. NOx Measurement System:  

A flue gas analyser is used to measure the oxides of 

nitrogen from flue gas at inlet and outlet of SCR reactor. A 

flue gas analyser is a portable electronic device, which 

measures and displays the products of combustion from 

both domestic and commercial fossil fuelled appliances. 

Additionally, they can measure the ambient air quality in 

rooms or buildings. Flue gas analysers are used for measure 

the following composition from flue gas i.e. O2, CO, CO2, 

SOx and NOx and these components are measured using 

NDIR (Non- Dispersive Infrared) Technology.  

B. Ammonia Injection System: 

Anhydrous ammonia is used as reducing agent for De-NOx 

system in SCR technology. In this system, a 0.5mm nozzle 

is used for injecting the ammonia in to flue gas pipe line 

with the help of ammonia mass flow controller. 

 
Figure2: Flue gas analyser and measured composition 

The anhydrous ammonia injection nozzle and mass flow controller is 

shown in figure 4(a) & 4(b) respectively. 
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Figure 3: Anhydrous ammonia injection nozzle and mass flow controller 

C. Static Mixture: 

Static mixture is an equipment which is used to mix 

thoroughly the Oxides of Nitrogen (NOx) available in flue 

gas with an-hydrous ammonia. The performance of the 

catalyst is totally depends upon the quality of mixing in the 

static mixture. 

D. SCR Reactor Housing:  

The honeycomb catalyst is enclosed in a fabricated stainless 

steel housing called SCR reactor. The size of the SCR 

reactor is 100 mm x 100 mm x 900 mm of 3 modules. 

 
Figure 4. Pictorial View of SCR reactor 

E. SCR Catalyst:  

Catalyst is the heart of DeNOx process. There are two types 

of catalysts are available; Honeycomb type catalyst. The 

Honeycomb type catalysts with 8mm pitch has been used 

for reduction of oxides of nitrogen (NOx) from flue gas. 

Anhydrous gaseous ammonia reacts with NOx in flue gas to 

form nitrogen (N2) and water vapor (H2O) in presence of 

honeycomb type SCR catalyst. The primary base material 

of catalyst is titanium dioxide (TiO2), with smaller amounts 

of other metal oxides including tungsten oxide (WO2) for 

thermal support and vanadium pentoxide (V2O5), which is 

the primary active material.  

The size of honeycomb catalyst is offered with 94mm 

X 94mm X 750mm of 3 Modules with 8mm pitch and 1mm 

wall thickness. The total volume of honeycomb catalyst is 

0.0198 m3 (or) 19.8 litres (0.094*0.094*0.75 *3). The 

pictorial view of 8mm pitch honeycomb type SCR catalysts 

have been shown in figure 06. To provide a large gas 

contact area with a minimum pressure loss, the honeycomb 

catalyst is provided as 64 elements containing a large 

number of parallel channels (corrugated or extruded 

honeycomb catalysts).    

 

 
Figure 5:  Pictorial view of 8mm Honeycomb & plate type SCR catalysts 

IV. EXPERIMENTAL PROCEDURE:  

The existing Ø200mm Pilot Plant Test Facility was 

operated in a combustion mode and generated flue gas for 

testing of 8mm pitch honeycomb type SCR catalysts. The 

Process and Instrumentation Diagram (P&ID) and Pictorial 

view of SCR test facility for De-NOx process is shown in 

Figure 1. The performance of honeycomb type SCR 

catalysts were tested with high dust (30-52 grams/Nm3) 

concentration in flue gas.  

For testing of honeycomb type catalyst with dust, flue gas 

generated from the combustor and sent directly to dust 

measurement system where the dust concentration was 

measured with help of on-line dust monitoring system. 

Once the dust measured using on-line dust measurement 

system, the flue gas was sent to immersion heating coil to 

heat the flue gas to a required SCR inlet temperature (300 

to 350 Deg.C). Then the inlet NOx concentration was 

measured using flue gas analyser and is shown in figure 2. 

Subsequently the required quantity of Anhydrous Ammonia 

was admitted with help of ammonia mass flow controller in 

to flue gas pipe line through ammonia injection nozzle. The 

pictorial view of ammonia mass flow controller and 

ammonia flow nozzle is shown in figure 3 (a) & 3 (b). The 

quantity of anhydrous ammonia is calculated based on the 

flue gas flow rate and NOx concentration in the flue gas. 

Once the anhydrous ammonia injected in to flue gas, the 

mixture of Ammonia (NH3) and Oxides of Nitrogen (NOx) 

gas was sent to static mixture for better mixing of ammonia 

and oxides of nitrogen in the flue gas. Then the mixture 

sent in to SCR reactor to reduce the oxides of nitrogen 

(NOx) in presence of honeycomb type SCR catalysts for 

NOx reduction at required SCR inlet temperatures. The line 

diagram and pictorial view of 20 liter capacity SCR reactor 

module is shown in Figure 4. The temperature, pressure and 

differential pressures are measured across the SCR reactor 

using E-type thermocouples, pressure transmitters and 

differential transmitters respectively. Once the reaction 

completed in SCR reactor, the flue gas passes through gas 

Venturi flow meter to measure the flue gas flow rate for 

calculating the space velocity. The outlet NOx 

concentration and ammonia slip also measured before vent 

off to the atmosphere using flue gas analyzer and ammonia 

gas analyzer respectively. The NOx conversion rate was 

calculated based on the inlet and outlet NOx concentration 

of the SCR reactor.  

V. EXPERIMENTAL RESULTS 

The existing Ø200mm Pilot Plant Test Facility was 

operated in a combustion mode and generated flue gas for 

testing of 8mm honeycomb type catalyst for generating the 
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performance curves. The size of the each honeycomb is 

94mm X 94mm X 750 mm long to get about 20 liter 

catalyst volume. The Process and Instrumentation Diagram 

(P&ID) of 20 litres SCR test Facility for De-NOx system is 

shown in Figure 1. Coal was procured from Singareni 

calories, to generate the flue gas for testing of in-house 

developed catalyst. Feed particle size has been maintained 

more or less same for all the experiments and which was + 

0.5 to –4.0 mm. The performance of honeycomb type 

catalyst was evaluated by varying the dust concentration 

from 30-52 grams/nm3 in flue gas. For testing of 

honeycomb catalyst the flue gas flow rate varied at 31.80, 

41.75 & 51.70 Nm3/hr and space velocity 1500-2500 /hr 

respectively. Also the SCR inlet temperature varied in the 

range of 300 to 350 Deg.C and the molar ratio of ammonia 

(NH3) to oxides of nitrogen (NOx) varied in the range of 

0.9 to 1.0 for all experiments. The Ø200mm Pilot Plant Test 

Facility generates the flue gas by operating in combustion 

mode. The flue gas composition consists of carbon di-oxide 

(CO2), water (H2O), oxygen (O2), nitrogen (N2), nitrous 

oxide (NO), nitrogen di-oxide (NO2), sulphur di-oxide 

(SO2), and Argon (Ar). The generated flue gas composition 

in volume percentage wise is shown in table 8. 

 
Table 15: The typical flue gas composition 

Flue Gas Composition (Vol %) 

Carbon di-oxide (CO2) 12 

Water (H2O) 8.5 

Oxygen (O2) 6.24 

Nitrogen (N2) 71.9755 

Oxides of Nitrogen (NOx) 0.04 

Oxides of Sulphur (SOx) 0.03 

Argon (Ar) 1.2 

Average Molecular Weight 29.46952 

The generated flue gas was sent to honeycomb type SCR 

catalysts to generate the performance curves. Also 

measured the anhydrous ammonia flow rate, flue gas flow 

rate, inlet NOx, Outlet NOx, Inlet dust concentration, 

pressures, differential pressures across static mixture & 

SCR reactor and ammonia slip at out let of the SCR reactor.  

VI. RESULTS AND DISSCUSSION  

               The NOx reduction reaction takes place in 

presence of SCR catalyst. The SCR reactor contains a 

honeycomb catalyst of 94 X 94 X 750 mm size of 3 

modules. When the mixture (Flue gas and ammonia) is 

admitted in to SCR reactor, the available NOx in the flue 

gas is reacted with ammonia in presence of catalyst and 

converted in to nitrogen (N2) and water (H2O). The catalytic 

reduction process consists of primary and secondary 

reactions and those are shown below: 

A. Primary reactions:  

4NO + 4NH3+ O2→ 4N2+ 6H2O 

2NO2 + 4NH3 + O2 → 3N2 + 6H2O 

NO + NO2 + 2NH3 → 2N2 + 3H2O 

B. Secondary reactions:   

2SO2 + O2 → 2SO3 

2NH3 + SO3 + H2O → (NH4)2SO4 

NH3 + SO3 + H2O → NH4HSO4 

 

C. NOx Removal Efficiency (ηNOx): 

The NOx removal efficiency, represented as ηNOx, is 

determined from the inlet and outlet NOx concentration of 

SCR. The equation for the NOx removal efficiency is given 

by: 

 
 
Where:    

ηNOx = NOx removal efficiency, fraction 

NOxin = Inlet NOx rate to the SCR,  

NOxout = outlet NOx rate from the SCR. 

D. Space Velocity (1/hr): 

The space velocity is defined as the ratio of 

volumetric flow rate of flue gas and the catalyst volume. It 

is commonly regarded as the reciprocal of the residence 

time. The units are per hour. 

 
Figure 6. Flue gas flow rate Vs De-NOx efficiency 

 

Figure 6. Shows the De-NOx efficiency as a function 

of flue gas flow rate. This experiment was conducted in a 

20 litre capacity SCR test facility by varying the flue gas 

flow rate of 31.80, 41.75 & 51.70 Nm3/hr. Also the SCR 

inlet temperature varied in the range of 300 to 350 Deg.C 

and the molar ratio of ammonia (NH3) to oxides of nitrogen 

(NOx) varied in the range of 0.9 to 1.0 but reported only 0.9 

(NH3: NOx=0.9) due to avoid more ammonia slip. 

The results show that the De-NOx efficiency increases 

with decrease in flue gas flow rate which could be 

attributed due to less residence time. The residence time is 

the major parameter which greatly affects the DeNOx 

efficiency in SCR catalyst. When the flue gas flow rate 

increases, the residence time decreases which means the 

flue gas spent very less time in SCR reactor which leads to 

reduction in reaction rate between NOx and NH3. When the 

flue gas flow rate increases from 31.80 to 51.70 Nm3/hr, the 

De-NOx efficiency decreased from 86.75 to 81.89% at 

different temperatures (300-350 Deg.C).  

https://en.wikipedia.org/wiki/Volumetric_flow_rate
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Figure 7: Ammonia slip Vs Flue gas flow rate 

Figure 7. Shows the ammonia slip as a function of flue 

gas flow rate. This experiment was conducted in a 20 litre 

capacity SCR test facility by varying the flue gas flow rate 

of 31.80, 41.75 & 51.70 Nm3/hr. Also varied the SCR inlet 

temperature in the range of 300-350 deg. C and the molar 

ratio of ammonia (NH3) to oxides of nitrogen (NOx) in the 

range of 0.9 to 1.0 but reported only 0.9 (NH3: NOx=0.9) 

due to avoid more ammonia slip. 

The results show that the Ammonia slip increases as 

the flue gas flow rate increases which could be attributed 

due lower residence time. When the flue gas flow rate 

increases from 31.8 to 51.70 Nm3/hr, the ammonia slip 

increases from 1.3 to 1.9ppm at the molar ratio of ammonia 

(NH3) to oxides of nitrogen (NOx) in the range of 0.9. 

When the flue gas flow increases, the residence time 

decreases when the residence time decreases the reactivity 

also decreases. When the reactivity decreases the ammonia 

slip increases. Ammonia slip also increases as the catalyst 

activity decreases. The allowable ammonia slip 

approximately less than 2 ppm [4]. 
 

 
Figure 8. Ammonia slip Vs flue gas temperature 

 

Figure 8. Shows the ammonia slip as a function of flue 

gas temperature. This experiment was conducted in a 20 

litre capacity SCR test facility by maintained the flue gas 

flow rate of 41.75 Nm3/hr and space velocity 2102 /hr. Also 

the SCR inlet temperature has been varied from 300 to 350 

deg. C and the molar ratio of ammonia (NH3) to oxides of 

nitrogen (NOx) also varied in the range of 0.9 to 1.0 but 

reported only 0.9 (NH3: NOx=0.9) due to avoid more 

ammonia slip. 

The results show that the ammonia slip decreases with 

increase in SCR inlet temperature which could be attributed 

due higher reaction kinetics at high temperatures. When the 

SCR inlet temperature increases from 300 to 350 Deg.C, 

the ammonia slip decreases from 1.8 to 1.5 ppm at a space 

velocity of 2102 /hr & NH3: NOx = 0.9.  The higher 

temperatures favor the reactions between ammonia and 

oxides of nitrogen. When the SCR inlet temperature 

increases, the De-NOx efficiency increases due to more 

reactions, which in turn affects the ammonia consumption. 

When the ammonia consumption increases, the ammonia 

slip decreases. 

E. Gas flow rate Vs pressure drop across SCR reactor: 

Figure 9. Shows the pressure drop across SCR reactor as a 

function of flue gas flow rate. This experiment was 

conducted in a 20 litre capacity SCR test facility by varying 

the flue gas flow rate at 31.80, 41.75 & 51.70 Nm3/hr and 

space velocity of 1600, 2102 & 2600 /hr respectively. 

 
Figure 9: Flue gas flow rate Vs pressure drop across SCR reactor 

 

The results show that the pressure drop across SCR 

catalyst increases with increase in flue gas flow rate. The 

pressure drop across SCR catalyst is a function of the 

length of the catalyst, catalyst configuration and deposition 

of fly ash over the catalyst. The measured dust 

concentration at a flow rate of 31.80, 41.75 & 51.70 

Nm3/hr was 30-32, 45-47 and 50-52 grams/nm3 

respectively. 

It also been observed that the pressure drop across SCR 

reactor is varying from 28 mmWc to 38 mmWc over a 

2250mm catalyst length.  

CONCLUSIONS 

Experiments were carried out to generate the performance 

curves with in-house developed 8mm Pitch Honeycomb 

type catalyst in a 20 liter volume capacity SCR test facility. 

The flue gas was generated with coal from Ø200mm Pilot 

Plant test Facility by operating in combustion mode. The 

NOx removal efficiency and ammonia slip was investigated 

with dust concentration of 30-52 grams/Nm3 in flue gas by 

varying the space velocities (2500-1500 per hr.) and flue 

gas temperatures (300–3500C) using anhydrous ammonia as 

reducing agent. 

 In-house developed 8mm pitch honeycomb type SCR 

catalysts were tested in a 20-liter capacity SCR test 

facility with dust concentration in the range of 30-52 

grams/nm3 by varying the space velocities (2500-1500 

per hr.) and flue gas temperatures in the range of 300–

3500C using anhydrous ammonia as reducing agent.  

 NOx reduction efficiency achieved with honeycomb 

was 81.89 – 86.75% at 2500-1500 per hr. space 

velocities and the ratio of ammonia (NH3) to oxides of 

nitrogen (NOx) was maintained at 0.9. 

 NOx reduction efficiency achieved with honeycomb 

was 82.72– 88.23% at 2500-1500 per hr. space 



Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

24 

 

velocities and the ratio of ammonia (NH3) to oxides of 

nitrogen (NOx) was maintained at 1.0. 

 Ammonia slip measured was in the range of 1.3 to 1.9 

ppm for honeycomb catalyst at 0.9 for ammonia to 

oxides of nitrogen. 

 The total Differential Pressure (DP) across Honeycomb 

SCR catalyst was 28-38 mmWc over a 2250mm 

length. 

Finally, it can be concluded that, the 8mm pitch honeycomb 

type SCR catalysts are very much suitable for reduction of 

Oxides of Nitrogen (NOx) in the range of 80-90% in flue 

gas with dust concentration of 30-52 grams/Nm3 which are 

meeting the NTPC requirements. Hence, based on the 

performance achieved in 20 litre SCR test facility, the 

honeycomb type SCR catalysts were selected and finalized 

for establishment of 1500 Nm3/hr slip stream De-NOx 

system in Left Hand (LHS) side and  Right Hand (RHS) 

Side at Unit-2 of NTPC Simhadri power plant as per MOU. 
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Abstract— This article guided with the proposals for how 

future measurements of NVH (Noise, Vibration & Harshness) 

from electric and hybrid electric vehicles be performed and 

what aspects of this NVH need future investigations. The 

coordination of diesel motor innovation into a hybrid electric 

vehicle arrangement indicates guarantee as an approach to 

meet efficiency and outflow of energy necessities. Because of 

the high multifaceted nature of different hybrid systems, it is 

critical to examine the new NVH difficulties and recognize 

proper counter measures. The goal is 

to identify the viable methods of energy transfer from the 

diverse sources of excitation through numerous interfaces to 

given target places. 

Keywords— hybrid electric vehicles, Transfer Path 

Analysis, Noise distribution, Noise Transfer Function 

Introduction. 

I. INTRODUCTION 

It seems that the global population may increase with 
current trend, may increase from 6 billion to 10 billion by 
2050. And also vehicles in use may increase from 700 
million to 2.5 billion by 2050.if all the vehicles are internal 
combustion engine vehicles then all cities may be covered 
with permanent smog with entire air pollution. According to 
Air Research Board (ARB) in 2001 around 9000 people die 
per year due to fine particle matters in California. So there is 
a necessity to think ahead. Then there is one of the 
promising solutions is sustainable transport. It means it has 
low or zero emission vehicles, promotion of public transport 
so that very less vehicles on the road and use of renewable 
energy sources i.e less depending on fossil fuels. 

II. BENEFITS OF USING ELECTRIC VEHICLES: 

A. Energy sources 

The main alternative and transitional energy sources for 
transportation have the importance to discuss major 
challenges that the present world faces i.e energy security, 
sustainability and pollution. The comparison of energy 
sources (storage) used for transportation is as follows 

Table 1: Different types of energy sources and its significance in the energy 

transmission. 

S.No Energy Source 
Phase of energy 

source 
Remarks 

1 
Gasoline (Petrol) 

Diesel 
Liquid fuels 

As diesel is having 

more energy density it 
is more fuel 

economical compared 

to petrol 

2 

Compressed 
Natural Gas 

(CNG) & 

Hydrogen 

Gaseous fuels 

CNG has higher 

specific energy 

compared to liquid 
fuels. But it has low 

energy density. 

3 Ultra-Capacitors 

Electrical 

energy in 
electrostatic 

form. 

It typically stores 10 to 
100 times more energy 

per unit volume or 

mass than electrolytic 
capacitors. 

4 Batteries 
Chemical 
Energy 

Specific energy and 

energy density are very 

low compared with 
petro i.e (75%  &  25%  

less compared with 
petrol) 

5 Ultra-flywheel 

Stores energy in 

mechanical form 

at very high 
speeds. 

It is very less liable. 

For safety concern 

these are used inside 
the EVs. 

B. Pollutantsand Greenhouse Gases: 

There are various types of pollutants and greenhouse 
gases which are released as pollutants from the vehicles and 
they are reasons for smoke and air pollution and some of 
them are particulate matter (PMx), CO, CO2, CH4, 
NOx(N2O NO and NO2), volatile organic compounds and 
SOx(SO2) gases. Particulate matter or Particle are released 
as part of combustion cycle. These particles are extremely 
small in the range of micro meters. Therefore, they can’t be 
filtered by human throat and nose and enters the body and 
effects heart and lungs. Diesel engine releases more PMx 
Particles (PM10, PM2.5) which are more dangerous. Due to 
presence of the gases infrared radiations are trapped in to the 
atmosphere and cause greenhouse effect cause global 
warming. There is an increase in electric and hybrid electric 
vehicles especially from last 10 years, it shows its 
significance. 

III. NVH & ACOUSTICS  

In 2011 by Greg Goetchius gave his prediction of where 
the challenges of NVH on electric cars would be, where we 
have to deal with powertrain noise proportionally with road 
noise, wind noise and other ancillary noise corresponding to 
power steering and wiper etc. In electric vehicle road noise 
and wind noise significantly increase and powertrain noise is 
less importance compared with internal combustion engine 
vehicles. In the case of electric vehicles ancillary system 
noise increases 5 to 10 percent and wind noise increase by 
almost 20 to 30 percent and totally added to 110 percent i.e 
the additional 10% noise is not fully known. However the 
function of frequency range and other function of vehicle 
speed in both ICE and EVs are discussed using the following 
charts. In ICE car green band is indicating the engine 
structure and engine air born noise contributions being wide 
important. Wide range of frequencies from 20 to 80 kHz and 
also really being dominant in the low speed range of 60km/h, 
followed by the road noise and tire noise in the frequency 
range 60 to 100km/h. But in the case of electric vehicles 

https://en.wikipedia.org/wiki/Specific_energy
https://en.wikipedia.org/wiki/Specific_energy
https://en.wikipedia.org/wiki/Specific_energy
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power train noise significantly decrease especially in the low 
frequency range basically there is no contribution of engine 
noise. In lower speeds the road noise and tire noise 
contributions are very high. In higher frequency range 
almost greater than 100km/h wind noise is taken off [1-3]. 

 
Fig. 1. Sources of Noise distribution in ICE and Electric vehicle 

IV. CONTROL MEASURES FOR VIBRATION 

REDUCTION 

A. Transfer Path Analysis(TPA): 

Transfer path analysis is really mathematical description 
of source transfer receiver approach. Source transfer receiver 
approach is actually fundamental approach considering at 
noise and vibration problems i.e. any NVH issue would be 
an issue if it is perceived by receiver, as long as a receiver 
don’t have any issue then there is no any NVH problem. Any 
of these problems or issues would be caused because of by 
cause of source that could be engine, tire interaction, exhaust 
system or power steering system[4]. As long as source is 
faraway or completely decoupled from receiver there is no 
problem so there must be some way of transfer of vibration 
energy that is created in source to the receiver before it is 
actually really becomes problem. That is essentially what 
TPA does it. It is really describes the source, transfer and 
receiver idea with mathematical equations and it is 
essentially multiplied by source with transfer functions 
through with receiver response. By the knowledge of transfer 
path analysis and its applications that there are other ways of 
looking at noise and vibration issues saying with the help of 
problem frequency[5-6]. TPA is one that the equation which 
path is the actual energy takes, which also look at panel 
contribution analysis i.e which panel is vibrating the most 
and radiating more energy in to the interior. The simulation 
also look at grid contribution analysis which grid is actually 
contributing. Operating deflection shape analysis is also 
done using transfer path analysis by which we can 
understand which path the energy will takes place and actual 
contribution comes out in the form of actual operating 
deflection shape. With this we can understand how the 
structure vibrates can be obtained. 

B. Fundamentals of Transfer Path Analysis: 

So as to clarify the basic standards behind Transfer Path 
Analysis it is essential to comprehend the basic components 
from Source path receiver model. Air borne Noise: Sound at 
receiver resulting from sound radiated by source. Structure 
borne noise: Sound at receiver resulting from vibrations 
generated by a source [7]. 

 

C. Measurement of Noise Transfer Function (NTF): 

That is there is a need to measure transfer functions that 
describes the functional parameters depends to transfer the 
energy from source to receiver side, for that the most 

traditional way of doing that of using  model hammer to 
exite different force input locations that is defiantly through 
the measurement error. That is when we hit the structure not 
always with the same direction not always with the same 
force and when different people are doing the measurements 
may set different results[8-9]. 

 
Fig. 2. The Source-Transfer-Receiver Concept. 

Therefore that the small shakers have been developed the 
time like the ones that we distribute from two sources which 
allows to access the instrument. The force input locations 
without shakers can get much more repeatable and consistent 
measurement data from that [10]. It is interesting to notice 
that when we are measuring transfer functions, the theory 
says that when it is considered as exiting point A and 
measuring point B, if it is inverse that exiting point B and 
measuring point A also would get same noise transfer 
function. When it is comes to the noise transfer function to 
the cabin it is interesting to put one source at receiver 
location and measure all the responses of the force input 
points at the same time. That can be known with the acoustic 
sources, it again from that we use from sources allows to 
measure all these transfer functions in one go. It is also 
important to know that when some cases like in a 
methodology that you set in to we need localized transfer 
function measurements, we still need to measure locally 
either with hammer or with other small shakers[11-12]. 

 

Fig. 3. TPA-Synthesis Method. 

D. Determination of Sources: 

One could think of using four cells in the source location so 

in the path input locations. If there is four cells, these cells 

are measuring those forces directly. That would be a good 

idea but biggest issue with that is that in order to put those 

four transducers in there we need usually to modify the 

structure in some way and actually as such you could 

modifying the actual forces. So much more used are two 

methodologies one is mount stiffness method and other is 

Matrix inversion method [13-15]. 

V. LOAD IDENTIFICATION METHODS 

A. Mount Stiffness Method: 

In mount stiffness method we are going to measure over a 

mount or path, if we want measure active and passive side 

across that mount is pushing, integrating the accelerations 

twice and multiplying with mount stiffness would give us the 

actual force passing through the path. It is the mount 

stiffness method it requires mount stiffness value it comes 

from supplier. It also requires enough isolation of the mass 

and frequency response functions to targets only. The 

Source                                                              Path                                                  Receiver 
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measurements of forces on both active and passive side will 

be carried. Sufficient isolation over the mount i.e ≈20dB at 

least required[16-18].   

 
Fig. 4. Mount Stiffness Method 

 

B. Matrix Inversion Method: 

In matrix inversion method a diminutive of different 

approach, here we don’t measure the forces on the active 

side we actually do all the measurements on the passive side 

only. Both the structure if we want and from all those 

acceleration measurements there we are going to back to 

calculate actual force that is being applied. That is going to 

be assumption that each of these accelerations that are 

measuring here are actually caused by the forces acting on 

the structure. If we know the noise transfer function 

between, their force input locations and these accelerations 

which we called as indicators, we can inverse that matrix and 

back calculate the actual forces have to be in order to cause 

that accelerations. In matrix inversion method need to 

capture enough dynamics of the structure and need to 

determine more accelerations than the actual [19-21].  

 

C. Advanced load identification Methods: 

1) Strain Sensors: 
Whereas accelerations are driven by the global dynamics 

of the structure, the acceleration responses are dominated by 
a limited amount of global structural body modes. Strain 
measurements especially capture much localized defects. So 
that they can be very useful in cases where there are little 
dynamics in the structure and there is lower frequencies over 
where the paths are very close to gather on the passive side, 
Where it will be very difficult to distinguish between two 
paths using just accelerations. Indicator for quality of the 
matrix inversion is that the condition number of the matrix. 
Condition number is the ratio between the highest and lowest 
singular value that is calculated from that matrix inversion. 
Overall lower condition number is worthy and higher 
condition number is not worthy. As a guideline it wants to be 
below on hundred. In the case of strain indicators strain 
measurements are dominated by great amount of confined 
structural body modes and in this method, there is extended 
possibilities for load separation/identification possibilities 
are there. 

 
Fig. 5. Matrix inversion method 

D. OPAX Method: 

Several attempts have been made to speed up the TPA 

process. One example is the operational path analysis (OPA 

or OTPA) approach. This approach requires only 

operational data measured at the path references (for 

example, passive-side mount accelerations, pressures close 

by vibrating surfaces, nozzles and apertures, etc.) and target 

points. The OPA method is time efficient, but has several 

limitations that make the reliability and accuracy 

unpredictable: difficult transmissibility estimation, 

neglected cross-coupling between paths, effect of missing 

paths and OPA sum as a quality indicator. As described in 

the section on OPAX, Simcenter Testlab OPAX software is 

an alternative, fast and test-based procedure that supports 

troubleshooting of vibroacoustic problems in an efficient 

manner. The Simcenter Testlab OPAX solution separates 

loads and transfer paths. By doing so, the vibro-acoustic 

energy can be traced back to the source. This method has 

proven its reliability and efficiency, especially for soft-

mount applications (for example, powertrain structure-borne 

paths). 

The traditional transfer path analysis (TPA) is based on the 

superposition principle that is valid for linear, time invariant 

systems. The individual path contribution to the sound 

pressure (or vibration response) in point m from force 

acting in point n in direction k is given by 


 

Where Pmnk is the (complex) sound pressure spectrum, Hmnk 

is the (complex) frequency response function (NTF) of the 

receiving system when decoupled at interfacing DOFs and 

Fnk is the complex force spectrum. The total response (e.g. 

sound pressure) is then obtained as [23] 

 
 

The determination of operating forces for each DOF is done 

indirectly, and can be performed in three different ways. 

The first and most common method is to use resilient 

connecting elements as “force transducers”, provided that 

the complex dynamic transfer stiffness [22-24] is known for 

the different DOFs. The forces are then obtained as  

 
xnk1 is the operating displacement at the source side and xnk2 

is the operating displacement at the receiver side. 

The second method is to use inversion of the measured FRF 

matrix between structural and and exciting forces response 

acting at all interfacing DOFs on the receiver side. This 

inverted matrix is then multiplied with the vector of 

operational measurements of vibration on the receiver side. 

The matrix inversion method has to be used when the 

transfer paths include rigid connections or the mounts are 

very stiff compared to the receiving structure, since the 

relative displacement across the mount becomes too small 

to use Equation (6). The forces are obtained as                                                                                  
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Where the number of responses M can and should be larger 

than the number of force DOFs N. An over determination 

factor of about 2 is often used. 

VI. CONCLUSION 

EVs and HEVs have specific NVH behavior. To improve 
its NVH performance the source transfer receiver approach 
must be adopted. In which we need to take in to account 
specific NVH of electric and hybrid electric vehicle. With 
the high focus on sound quality we can adjust sound level. 
We need to explore new engineering methodologies and 
chose such as signal capturing of electric & power signals 
and signal analysis. We need to look at high frequency test 
and simulation methods and also adopt system integration 
based, multidisciplinary approaches to include control 
strategies of gears, clutch and brakes in to the analysis of the 
complete vehicle. Transfer path analysis (TPA) has been a 
key method in NVH engineering for the past decades. 
Evolutions kept TPA up to date ready. Some time ago faster 
analysis with tools like OPAX and time domain TPA for 
transient defense for example start/Stop events. Now a days 
combining 3D and 1D models to allow contribution analysis 
much more in detail and applying it throughout development 
of vehicle.     
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Abstract: In this project static and Modal analysis is a process 

to detect project, statics, strain and deformation. Vibration 

characteristics (natural frequencies and mode shapes) of a 

structure or a machine component while it is being designed. 

It has become a major alternative to provide a helpful 

contribution in understanding control of many vibration 

phenomena which encountered in practice.  

In this work we compared the stress and natural frequency for 

different material having same I, C and T cross- sectional 

beam. The cantilever beam is designed and analyzed in 

ANSYS. The cantilever beam which is fixed at one end is 

vibrated to obtain the natural frequency, mode shapes and 

deflection with different sections and materials. 

 

Key words: Finite element analysis, cantilever beam, static and 

model analysis. 

 

 

1. INTRODUCTION 

1.1 BEAM 

A beam is a structural element that is capable of 

withstanding load primarily by resisting against bending. 

The bending force induced into the material of the beam as 

a result of the external loads, own weight, span and external 

reactions to these loads is called a bending moment. Beams 

are characterized by their profile (shape of cross-section), 

their length, and their material. Beams are traditionally 

descriptions of building or civil engineering structural 

elements, but smaller structures such as truck or automobile 

frames, machine frames, and other mechanical or structural 

systems contain beam structures that are designed and 

analyzed in a similar fashion. 

 

A statically determinate beam, bending (sagging) under a 

uniformly distributed load. 

2. LITERATURE REVIEW 

The dynamic analysis of a beam with multiple degree of 

freedom (MDOF) are studied in this paper. Due to the 

destructive effects of vibration in machines and structures 

due to resonance. In multiple degree of freedom system, 

there are n natural frequencies and the concept of resonance 

is complicated by the effect of mode shapes. In the present 

work cantilever beam of different materials and dimensions 

is considered for the dynamic analysis of free vibration at 

no load condition as well as comparison between materials. 

The modelling, simulation and analysis of cantilever beam 

is done by using ANSYS and theoretically by finite element 

method (FEM) for the evaluation of natural frequency and 

mode shape. 

 

 

3. PROBLEM DESCRIPTION:  

The objective of this project is to make a 3D model of the 

cantilever beam and study the static and model behavior of 

the cantilever beam by performing the finite element 

analysis.3D modeling software(PRO-Engineer) was used 

for designing and analysis software (ANSYS) was used for 

static and modal analysis. 

The methodology followed in the project is as follows: 

 Create a 3D model of the cantilever beam assembly 

using parametric software pro-engineer. 

 Convert the surface model into Para solid file and 

import the model into ANSYS to do analysis. 

 Perform static analysis on the cantilever beam. 

 Perform model analysis on the existing model of the 

cantilever beam. 

 

4. INTRODUCTION TO CAD/CAE: 

Computer-aided design (CAD), also known as computer-

aided design and drafting (CADD), is the use of computer 

technology for the process of design and design-

documentation.  

 

4.1. INTRODUCTION TO PRO-ENGINEER 

Pro/ENGINEER Wildfire is the standard in 3D product 

design, featuring industry-leading productivity tools that 

promote best practices in design while ensuring compliance 

with your industry and company standards. Integrated 

Pro/ENGINEER CAD/CAM/CAE solutions allow you to 

design faster than ever, while maximizing innovation and 

quality to ultimately create exceptional products. 

 

Different modules in pro/engineer 
Part design, Assembly, Drawing&Sheet metal. 

4.2. INTRODUCTION TO FINITE ELEMENT 

METHOD: 

Finite Element Method (FEM) is also called as Finite 

Element Analysis (FEA). Finite Element Method is a basic 

analysis technique for resolving and substituting 

complicated problems by simpler ones, obtaining 

approximate solutions Finite element method being a 

flexible tool is used in various industries to solve several 

practical engineering problems. In finite element method it 

is feasible to generate the relative results. 

5. RESULTS AND DISCUSSIONS: 

5.1. Models of cantilever beam using pro-e wildfire 5.0: 

The cantilever beam is modeled using the given 

specifications and design formula from data book. The 

cantilever beam outer casing body profile is sketched in 

sketcher and then it is extruded using extrude option. 

 

 

 

 

https://en.wikipedia.org/wiki/Structural_element
https://en.wikipedia.org/wiki/Structural_load
https://en.wikipedia.org/wiki/Bending
https://en.wikipedia.org/wiki/Span_(architecture)
https://en.wikipedia.org/wiki/Bending_moment
https://en.wikipedia.org/wiki/Statically_determinate
http://en.wikipedia.org/wiki/Computer
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Cantilever beam 3D model  

I-Section: 

 
 

C-Section 

 
 

T-Section 

 
 

5.2. STRUCTURAL ANALYSIS OF CANTILEVER 

BEAM 

MATERIAL-Steel 

 
According to the above contour plot, the deformation is 

maximum at the free end of the beam and the deformation 

is minimum at the fixed end. At this condition the 

maximum deformation of the beam is 2.429. 

 

STRESS 

 

According to the above contour plot, the maximum stress is 

at the fixed the fixed end because we are applying the loads 

at the free end. 

STRAIN 

 
According to the above contour plot, the maximum strain 

occurs at the fixed end of the beam i.e., 0.00038918. 

 

5.3 MODAL ANALYSIS OFCANTILEVER BEAM 

Material-Steel 

Total Deformation-1 

 
 

Total deformation-2 

 
 

Total deformation-3 

 
 

 

MATERIAL PROPERTIES:  

Steel material properties  

Density                     :     7850kg/m3 

Young’s modulus      :     205000Mpa 

Poisson’s ratio           :      0.3 

 

 

IMPORTED MODEL 
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MESHED MODEL 

 
Finite element analysis or FEA representing a real 

project as a “mesh” a series of small, regularly shaped 

tetrahedron connected elements, as shown in the above fig. 

And then setting up and solving huge arrays of 

simultaneous equations. The finer the mesh, the more 

accurate the results but more computing power is required. 

 

6. RESULTS AND DISCUSSIONS 

Static analysis results  

I-section  

Material Deformation(mm) 
Stress 

(N/mm2) 
Strain 

Steel 2.4219 77.836 0.00038918 

Stainless 

steel 
2.5099 78.313 0.00040577 

Cast iron 4.4028 76.871 0.00069883 

 

C-section  

Material Deformation(mm) 
Stress 

(N/mm2) 
Strain 

Steel 10.361 169.52 0.00084759 

Stainless 

steel 
10.778 170.35 0.00088267 

Cast iron 18.696 167.77 0.0015251 

 

T-section  

Material Deformation(mm) 
Stress 

(N/mm2) 
Strain 

Steel 4.7314 207.08 0.0010354 

Stainless 

steel 
4.9027 208.22 0.0010789 

Cast iron 8.6034 204.75 0.0018614 

 

Modal analysis results 

Material 

Total 

Deformation 

1(mm) 

Total 

Deformation 

2(mm) 

Total 

Deformation 

3(mm) 

Steel 9.2158 11.7 9.06 

Stainless 

steel 
9.2752 11.8 9.12 

Cast iron 9.6225 12.23 9.466 

 

C-section  

Material 

Total 

Deformation 

1(mm) 

Total 

Deformation 

2(mm) 

Total 

Deformation 

3(mm) 

Steel 9.9427 14.092 11.479 

Stainless 

steel 
10.012 14.192 11.553 

Cast 

iron 
10.37 14.691 11.987 

 

T-section  

Material 

Total 

Deformation 

1(mm) 

Total 

Deformation 

2(mm) 

Total 

Deformation 

3(mm) 

Steel 13.151 13.465 10.829 

Stainless 

steel 
13.053 13.37 10.76 

Cast iron 13.599 13.941 11.236 

 

 

7. CONCLUSION 

In this work we compared the stress and natural 

frequency for different material having same I, C and T 

cross- sectional beam. The cantilever beam is designed and 

analyzed in ANSYS. The cantilever beam which is fixed at 

one end is vibrated to obtain the natural frequency, mode 

shapes and deflection with different sections and materials. 

By observing the static analysis the deformation 

and stress values are less for I-section cantilever beam at 

cast iron material than steel and stainless steel.  

By observing the modal analysis results the 

deformation and frequency values are less for I-section 

cantilever beam more for T-section. 

So it can be conclude the cast iron material is 

better material for cantilever beam in this type I-section 

model. 
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Abstract—The present thesis summarizes the application of 

Finite Element Analysis technique for analysing stress 

distribution and fatigue life of Aluminium alloy wheels 

subject to radial loads. Alloy wheels intended for use on 

passenger cars stipulate two types of fatigue tests, the 

Dynamic cornering fatigue test and the Dynamic radial 

fatigue test. As wheels undergo inconsistent, varying loads 

during their service life, fatigue behaviour is a key 

consideration in the design and performance evaluation.  But, 

alloy wheels have more complex shapes than regular steel 

wheels, so it is difficult to assess fatigue life by analytical 

methods. Hence, Finite Element Analysis has been used to 

evaluate the performance of wheels over their life. The 

deflection for Alloy wheel Al 2024-T351 of this project is 

found to be around 0.164 mm which is much less than that of 

Aluminium A356.2 alloy wheel which is 0.2833mm.This shows 

that Al 2024-T351 is stiffer than Aluminium A356.2 alloy 

wheel. Static analysis results showed that the maximum shear 

stress and von- Mises stresses of A356.2 alloy wheel are 78.6% 

and 50% higher than the Al 2024-T351 alloy wheel.  

 

Keywords—Alloy wheel, Fatigue life, Fatigue tests     

I. INTRODUCTION 

Wheel is an important structural member of the 

vehicular suspension system that supports the static and 

dynamic loads encountered during vehicle   operation. 

Since the rims, on which cars move, are the most vital 

elements in a vehicle, they must be designed carefully. 

Safety and economy are particularly of major concerns 

when designing a mechanical   structure so that the people 

could use them safely and economically. Style, weight, 

manufacturability and   performance are the four major 

technical issues related to the design of a new wheel and/or 

its optimization. The wheels are made of either steel or 

cast/forge Aluminum alloys.  Aluminum is the metal with 

features of excellent lightness, corrosion resistance, etc. In 

particular, the rims, which are made of Aluminum casting 

alloys, are more preferable because of their weight and 

cost. In  the   real  service  conditions,  the  determination  

of mechanical  behavior   of  the wheel is important, but 

the testing  and inspection of the wheels  during their  

development  process is time  consuming  and  costly. 

II. LITERATURE SURVEY 

Fatigue analysis as we know it today has come a long way, 

178 years ago, in 1837, Wilhelm Albert published the first 

article on fatigue, establishing a correlation between 

applied loads and durability. Two years later, in 1839, 

Jean-Victor Poncelet, designer of cast iron axles for mill 

wheels, officially used the term "fatigue" for the first time 

in a book on mechanics.In19th century, it was considered 

to be mysterious that fatigue fracture did not show a 

visible plastic deformation. Systematic fatigue fractures 

tests were done in laboratories, notable by August Wohler. 

Fatigue was considered to be an engineering problem. 

Fatigue is also the initiation and growth of a crack, or 

growth from a pre-existing defect, which progresses until a 

critical size is reached. In narrow sense, the term fatigue of 

materials and structural components means damage and 

damage due to cyclic, repeatedly applied stresses.  

  

III FATIGUE ANALYSIS 

      It has been observed that material fail under fluctuating 

stresses. It is a stress magnitude which is lower than the 

ultimate tensile strength of the material the decreased 

resistance of the materials to fluctuating stresses is called 

FATIGUE. There is a basic difference between failure due 

to static load and that due to fatigue.  The failure due to 

static load is illustrated by the simple tension test. And 

there is sufficient time for elongation of fibres. In this case 

the load is gradually applied. The fatigue failure begins 

with a crack at some point in the material. The crack is 

more likely to occur in the regions of discontinuity, such 

as oil holes, key ways, screw threads and regions in 

machining operations, such as scratches on the surface, 

stamp mark, inspection marks, internal crack due to 

defects in materials like holes etc. These regions are 

subjected to stress concentration due to the crack. The 

crack spreads due to fluctuating stresses, until the cross 

section of the component is so reduced that the remaining 

portion is subjected sudden fracture.  

 

A. FATIGUE LIMIT (ENDURANCE LIMIT) 

The problem with Aluminium is it doesn't have a typical 

'fatigue limit'. The more stress cycles that are imposed on 

Aluminium, the lower the stress cycles need to be to 

eventually result in failure. This is different than steel 

which has some distinct endurance limit. If a plot is drawn 

between peak alternating bending stress on y- axis against 

a log scale of life cycle on x- axis a knee in the curve at 

around 107 cycles is appeared as shown in Fig.1, so by 

108cycles, the graph is almost flat. For Aluminium it isn't 

flat though, it continues to decline, meaning that as it 

continue to impose more cycles on test specimen, the peak 

alternating bending stress needed to result in failure 

continues to drop. 

 
Fig.1 FATIGUE LIMIT 
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B.  FATIGUE FAILURE  

Failure is one of most important aspects of material 

behaviour because it is directly influence the selection of 

material for certain application, the method of 

manufacturing and service life of component. Fatigue, or 

metal fatigue, is the failure of a component as a result of 

cyclic stress. The failure occurs in three phases: crack 

initiation, crack propagation, and catastrophic overload 

failure. The duration of each of these three phases depends 

on many factors including fundamental raw material 

characteristics, magnitude and orientation of applied 

stresses, processing history, etc. Fatigue failures often 

result from applied stress levels significantly below those 

necessary to cause static failure. Fatigue failures are 

typically characterized as either low-cycle (<1,000 cycles) 

or high-cycle (>1,000 cycles). The threshold value 

dividing low- and high-cycle fatigue is somewhat 

arbitrary, but is generally based on the raw material’s 

behaviour at the micro structural level in response to the 

applied stresses. Low cycle failures typically involve 

significant plastic deformation. 

 
Fig.2 FATIGUE FAILURE ON A WHEEL RIM 

 

            Fatigue failure is also due to crack formation and 

propagation. A fatigue crack will typically initiate at a 

discontinuity in the material where the cyclic stress is a 

maximum. Fatigue fracture typically occurs in material of 

basically brittle nature. External or internal cracks develop 

at pre-existing flaws or fault of defects in the material; 

these cracks then propagate and eventually they lead to 

total failure of part. The fracture surface in fatigue is 

generally characterized by the term “beach marks”. 

Fatigue failure on a wheel rim is shown in Fig.2. 

 

IV .MODALING OF ALLOY WHEEL USING CATIA 

FEATURES OF CATIA 

 Easy accessible software 

 Predefined shapes 

 Powerful in surfacing 

 User pattern facilities 

 Supports CSG and feature based 

 Retrieving data is very easy 

This is powerful program used to create complex designs 

with a great precision. The design intent of any 3-D modal 

of any assembly defined by its specification  CATIA  can 

be used to capture the design. Intent of any complex modal 

by incorporating intelligence to the design. Tomake the 

designing process simple and easy.The 3-D modal of the 

wheel was created in CATIA and the file was exported in 

the IGES (International Graphics Exchange Specification) 

format into ANSYS. 

 

 
Fig.3 A 3-D model wheel created in CATIA 

 

V. FATIGUE ANALYSIS USING FEA PACKAGE 

The Finite Element Analysis is a mathematical method for 

solving ordinary and partial differential equations. Because 

it is a numerical method, it has the ability to solve complex 

problems that can be represented in differential equation 

form as these types of equations occur naturally. In 

virtually all fields of the physical sciences, the applications 

of the Finite Element Method are limitless as regards the 

solution of practical.Now a days, even the most simple  

products rely on the Finite Element Method for design 

evaluation. This is because contemporary design usually 

cannot be solved as accurately & cheaply as FEM, using 

any other method that is currently available. Physical 

testing was the norm in years gone by, but now it is simply 

too expensive and time consuming. 

The finite element method is a very important tool for 

those involved in engineering design; it is now used 

routinely to solve problems in the following areas: 

 Structural Strength design  

 Structural interaction with fluid flows 

 Analysis of shock (underwater & in materials) 

 Acoustics  

 Thermal analysis 

 Vibrations 

 Crash simulations 

 Fluid flows 

 Electrical analyses 

 Mass diffusion 

 

VI.RESULTS 

Static and Fatigue results are shown in Table1 and 

Table 2 

 

 

TABLE1 

STATIC STRUCTURAL RESULTS 
Definition 

Type Von – 

Mises 
stress 

Shear 

stress 

Total deformation Directional 

deformation 

Results 

Alloys 

 A 
356.2 

Al 
2024 

A 
356.2 

Al 
2024 

A356.
2 

Al 
2024 

 

Mini

mum 

3.884

2 

e-
002M

Pa 

3.884

2 

e-
002M

Pa 

-

48.24

1MPa 

-

48.24

1MPa 

0 mm 0 

mm 

-

0.201

93mm 

Maxi
mum 

163.9
7MPa 

81.98
5MPa 

48.19
5MPa 

24.09
7MPa 

0.283
mm 

0.16
4mm 

0.202
05mm 
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TABLE 2 

  FATIGUE RESULTS 
Definition 

Type 
Life 

 

Safet
y 

factor 

Equivalent 

alternating stress 

Design 
life 

1.e+009 cycles 

Results 

Alloys A 356.2 Al 2024 
 

 
A 356.2 Al 2024 

Minim
um 

1.653e+005c
ycles 

1.653e+005c
ycles 

0.609

85 

 

3.88e-
002MPa 

3.88e-
002MPa 

Maxim

um 

1.766e+006c

ycles 

1.767e+006c

ycles 
15 

163.97

MPa 

128.88

MPa 

 

 

B.  RESULTS WITH IMAGES 

 
Fig. 4 Equivalent Stress on the Wheel 

 

 
Fig.5 Pressure acting on the Wheel 

 

 
Fig. 6 Total Deformation of the Wheel 

 

 
Fig7   Life of the Wheel 

 

 

VII.CONCLUSIONS 

 The wheel is analyzed for the calculated loading 

condition and the relevant stress is obtained  

 In the case of pressure loading along with radial 

load, Von Mises stress obtained shows the 

maximum stress the wheel experiences under the 

pressure load and on the portion of the rim there 

is a gradual transition from compression to 

tension. 

 For predicting the fatigue life of Aluminum alloy 

wheel the S – N curve approach is used. 

 The proposed safety factors will be useful for 

manufacturers/ designers for reliable fatigue life 

prediction of similar structural components 

subjected to   radial fatigue load. 

 . From the analysis, finally, it can be concluded 

that as the speed increases Stress, displacement 

increases and life decreases. 
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Abstract— This work emphasize on design of a speed 

controller with an automatic braking system in the vehicle. 

The speed control in the automatic braking system experiences 

proved the electronic circuits such as sensor, relay, control 

system, programmable logic controller (PLC), signal 

transmitter, receiver, and Ladder Circuits. The software WPL 

Soft is used to model the circuit. The perception in performing 

the ride control and automatic braking process is vital rule of 

a circumstance being instruments. It helps the ultrasonic 

sensor for disclosure by the interference and infra-red (IR) 

sensor for automatic braking system purpose. The conception 

of Automatic Over speed Control System (AOCS) is based on 

stresses developing in clutch and brake. The speed of a vehicle 

increased afar a pre-interpreted strategic top speed; the 

Microcontroller actuates the clutch as well brake and bring 

speed of vehicle down to a reliable ride. 

 

Keywords: Speed Sensor, PLC, IR Sensor, WPL Software, 

Microcontroller. 

 

VII. INTRODUCTION 

Automation is largely converting the role of people in 
plenty of systems, and riding isn't always any exception. A 
developing amount of automobiles are being prepared with 
pace manipulate structure. This device use ultrasonic sensor 
to discover the impediment or affecting automobile 
beforehand and warn toward motive force on crash risk. 
When subsequent a few other car, the velocity manage 
device (SCS) will mechanically offers sign about distance 
among vehicle with obstruction during LED show to the 
driver to lessen the pace of vehicle[1]–[3]. 

Nowadays manufacturers of Cars similarly to Motor 
cycles moreover anticipate such technology and machine’s 
which assures safety at immoderate pace. The use of right 
braking gadget and via the use of managed tempo discount 
strategies is the important thing to solve such troubles. The 
utilization of Anti-lock braking mechanism in motors is the 
present day style to boom protection of the car. There are 
also different answers like Automatic Braking Systems 
which can be beneficial as well as useful. Automatic braking 
technology coalesce sensors and brake controls to assist save 
human immoderate momentum impact. Some computerized 
braking structures can save collisions on the whole, but 
maximum of them are intended to actually reduce the cost of 
a medium earlier than it hits some component[4]–[7]. 

Dhanya et al. [8] proposed an era of improve automatic 
braking system with sensor fusion idea. In this they 
represent operation of the residences of every capacitive and 
ultrasonic sensor for identifying the difficulty for measuring 
the distance many of the car and the interference. This 
distance range is applied to deal with computerized braking 
system for security program. In this apparatus they adopt the 
32-bit micro-controller with ARM processor (LPC2138) 
because the thoughts of this gadget for controlling 

performance and complete the register through using c-
language. 

Bhumkar et al. [9] implements a scheme of about 
accidents avoidance and disclosure on streets. This device is 
ready growth generation in vehicles for performing it more 
clever and interactive for avoiding accidents on highways. 
ARM7 is the usage of making this design more active, 
steady and powerful. In this process, they heard described 
real-time online protection prototypes that rule the car pace 
underneath motive pressure exhaust. The principle of this 
machine is to avoid injuries. 

Sairam et al. [10] provides a technique which can adorn 
the security of an automobile. This machine offer solution 
can reinforce the operator via caution the purpose force 
impediment and gathering adjacent to a vehicle that could 
produce collision to this. Moreover implementing and 
automobile are retarding in device, which supports in 
heading off calamities. In this device ultrasonic sensor, 
motor purpose of pressure and LCD are adopted.  

Muqaddas Bin Tahir [11] have come up with an 
ingenious method distance measuring (Hurdle Detection) for 
comfy surroundings in car via ultrasonic rays. In this 
strategy, 8 ultrasonic sensors are employed to sense the 
unique find of a thing. By enforcing a rise in safety strategy 
in automobile, sensor may be able of achievement typically 
until the sensor detects workable possibility. In this the 
sensor does not allow output or sign till the car comes 
interior 75 feet of an item, at which timer sends records of 
hurdle to driver. The sensor nicely shows an object; it’s 
miles as much as person or purpose pressure to cope with 
the hurdle. 

The primary objective of the ultrasonic braking 
technique is that motors should brake while the sensors 
sense the obstruction. This is a technology for motors to 
receive an impending head collision with some new 
automobile or a hindrance, and to impede the vehicle for this 
infer, that’s covered by controlling the braking circuit. This 
instrument includes ultrasonic sensors viz. Ultrasonic wave 
emitter and rapid wave receiver. The ultrasonic wave emitter 
provided in a frontal segment of a certain braking 
automobile, designing and emitting ultrasonic waves in a 
fixed distance in facade of the vehicle. The meditated wave 
(detection pulse) meant to obtain the distance among 
automobile and the hurdle. The 8051 micro-controller is 
exploited to wield the DC motor based on detection pulse 
statistics, and the servomotor controls the damp of the 
automobile, but the vehicle can prevent by sensing the 
boundaries to keep away from a twist of fate. 

The objective of this work is: 

 To develop a safety car braking system using 

ultrasonic sensor 

 To design a vehicle with less human attention to 
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the driving 

 To develop a model showing working of ultrasonic 

sensor based braking system. 

 To propose a low cost automation system which 

can be implemented easily in today’s cars to 

provide safety and accuracy while driving and 

parking. 

 
VIII. DESIGN AND IMPLEMENTATION 

A.  PLC Programming 

Programmable Logic Controllers (PLC’s) are 

straightforward to compute. They employ a relay ladder 

language that’s remarkably akin to hypnotic relay circuitry. 

Engineers, consultants, and electricians can determine to 

compute the PLC without considerable study or practice. 

There are many influences in adopting Programmable Logic 

Controllers versus a relay or solid-state electronics. In a 

PLC, transformations can be achieved, and in most 

arguments, without hardware alterations to the controller. 

PLC’s are recyclable and signal lights on the PLC at 

principal diagnostic points help regulate. Its stable, 

performed for the modern situation and easy to maintain. 

Along with its cost savings, the PLC is flexible and apt to 

produce various functions. 

B. PLC Wiring 

Generally, in electrical wiring concept we have two major 

types. They are Sourcing and Sinking: When choosing the 

type of input or output module for your PLC system, it is 

very significant to have a firm sympathetic of sinking and 

sourcing concepts. Uses of these terms occur often in 

conversation of input or output circuits.  

Sinking & Source is used exclusively with Digital DC 

circuits and shown in Fig. 1 and Fig. 2 respectively. If, the 

common pin is + polarity called as sourcing circuit and – 

polarity called a sinking circuit. PLC is generally having 2 

different output types such as Relay type output and 

Transistor type output. In transistor type having two types 

such as NPN (Sinking) and PNP (Sourcing)  

 

C. WPL SOFTWARE 

WPLSoft is program-editing software carried out for the 
Delta DVP-PLC series used under WINDOWS, illustrated 
in Fig. 3. Except for general program design and separate 
general operates (e.g. cut, paste, copy, multi-windows, etc.) 
of WINDOWS, WPLSoft, in addition, has implemented 
numerous Chinese/English commentary-editing and diverse 
special functions (e.g. survey and publishing the recorded 
file, the system, the data readout, the file saving, and 
monitor and set up diagrams of varied reaches, etc.). 

 
Fig. 1. Sinking Circuit diagram 

 

 
Fig. 2. Sourcing Circuit diagram 

 

 
Fig. 3. WPL Editor Window 

 
IX. STEPS IN CIRCUIT DESIGNING 

A. CIRCUIT DIAGRAM AND EXPLANATION 

STEP-1: In this first step we need to start car as per logic, so 

the car should start when all doors are closed and the key 

should also kept starting the car, vide in Fig. 4. So M50, 

M51, M52, M53 are the doors of the car and M1 is car as we 

designed in the first line, M is known as the memory 

allocation which act as dummy switch and M1 is load, when 

all switches are in ON position then the load(car) is applied. 

In the second line M1(load) act as switch it act like key or 

acceleration  in if we rotate the key then car be stop, so we 

used counter here.   

 
Fig. 4. Start and closing doors of car logic circuit 
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STEP-2: As we observed in step 1 the car starts in step 1, in 

step 2 counters will act as switch and M1 act as acceleration 

then the light will be on and in second line M2 act as load 

(vide in Fig. 5) if we stop key then it will reset the system so 

we latched RST to the 3rd line  

 
Fig. 5. Acceleration of PLC circuit 

 

STEP-3:  In this step the car speed should be increment 

when we press acceleration so X2 and Y2 will act as sensor 

and Y0 as an engine of the car, shown in Fig. 6. 

 
Fig. 6. Increment ting acceleration sensor circuit 

 

STEP-4: In this step (Fig. 7) according to the logic when 

speed of the car reaches to speed 100kmph then the 

decrement of speed should be done automatically for every 

50sec it should reduces upto 10kmph speed. So decrement 

had connected to this line and this should done according to 

timer so we added timer to the motor means M10.   

 
Fig. 7. Decremented speed and timer sensor 

 

STEP-5: In this step (Fig. 8.) when any obstacle come 

infront or behind the car then buzzer should be activated 

sudden and if car touch any object then air bags in the car 

should come out. Then automatically brake should activated 

and the must stop. In this M4 and M3 will works as sensor 

and Y3 will act as air bags and Y1 as buzzer. 

The model block diagram of PLC circuit and fabricated 

design board are shown in Fig. 9 and Fig.10, respectively.  

 
Fig. 8. Automatically brake and stop circuit  

 
Fig. 9. Block Diagram of PLC Circuit 

 

 
Fig. 10. PCB design of Activation of automatic braking 

system 

 

B. Ladder Diagram Monitor 

1. If users are to monitor the PLC status under the PC 

window, they firstly will present the ladder diagram window 

on PC (as shown follows Fig. 11.), then click on “Ladder 

diagram monitor start” under the “Communication” function 

on the function panel, or click on the icon 

2. When the monitoring has started (Fig. 12.), the green 

portion displayed in the window is an indication that the 

contact of the device is at the continuity status or that the 

output coil is at the exciting-magnet status, or even, that the 

application commands are under process.  On the contrary, 

if the green color does not display on the location of the 

contact, the output coil, and the application command, it 

means that this portion is currently not in motion.  

Moreover, the current value of the register will be shown on 

the upper part of the register, as shown Fig. 12. 

Finally run the program after connected to PLC carefully. 

These are the various steps used in the working of this 

project AUTOMATED BRAKING SYSTEM 

DEPENDING ON OVER SPEED After uploading program 

into PLC we can disconnect the cable it will run by itself. 

Before upload we need check in the simulation  
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Fig. 11. Operation Procedure of the Ladder Diagram 

 

 
Fig. 12. Monitoring PLC window display 

  

 

X. CONCLUSIONS 

The designing of the “Automated Braking System 

Depending on Vehicle Over Speed” Circuit by logical from 

the fact solve by using the WPL soft software and made 

easy by using PLC Ladder method to Solve, by using PLC 

we can detect the object/obstacle by using ultrasonic sensor 

and also we can control the speed of engine by using PLC 

and we can make alert to the driver by using IR sensor and 

we observed the working of PLC and also the simulation of 

the ladder circuit by using WPL soft software we can also 

make implementation in car by using PLC in our car . This 

Automated Braking System Depending On Vehicle over 

Speed is implemented in tesla cars not only speed reduction 

but also we can control the car by using PLC and also this 

make driver safe from accidents also and this project will 

save many life from accidents.  

The introduced braking system in this work is very cheap 

and is affordable for anybody. But the actual importance for 

the safety increases the value of this system. Due to this the 

various changes, modifications, new ideas are introduced. 

These changes are observed and analyzed the importance of 

this system. So these automobile industries are about to 

launching the various intelligent systems to increase safety 

of customers. 
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Abstract—A Heat Exchanger is a device which is used to 

transfer heat from one fluid to another, whether the fluids are 

separated by a solid wall so that they never mix, or the fluids 

are directly in contact. Every year Heat exchanger technology 

is growing to develop efficient, compact and economical heat 

exchangers, all over the world. Updating the community for 

this development needs an interaction. These days concentric 

tube heat exchangers are used with forced convection for 

lowering the working fluid’s temperature by raising the 

cooling medium’s temperature. 

The purpose of this project is to use ANSYS FLUENT 

software and practical calculations to analyze the 

temperature drops as a function of both inlet velocity and 

inlet temperature and how each varies with the other. Each 

heat exchanger model was designed and simulated for both 

parallel flow and counter flow heat exchanger models. The 

results were compared between parallel and counter flow 

heat exchangers. CFD analysis was utilized to find the outlet 

temperatures of parallel and counter flow heat exchangers 

for the inlet velocity and inlet temperature of the fluid 

medium used. "Computational Fluid Dynamics (CFD) is a 

science of predicting fluid flow, heat transfer, mass transfer, 

and related phenomena by solving the mathematical 

equations which govern these processes using a numerical 

processes". These outlet temperature values obtained were 

used to determine the overall heat transfer coefficient. 

Theoretical calculations are done by the values obtained 

through the experiment conducted on the heat exchanger 

setup for both parallel and counter flow 

Keywords— Heat Exchangers, Parallel flow, Counter 

flow, temperature , CFD Analysis , ansys 

 

I. INTRODUCTION 
Today’s demand of higher energy consumption and 

reduced availability of fossil fuel resources increase the 
impact of thermal performance of heat exchanger day by 
day. Heat exchangers are very effective for the transfer of 
heat from one medium to another without even intermixing 
one fluid with another. One of the most promising devices 
for heat transfer is the counter flow heat exchanger mostly 
adapted by the chemical plants, petrochemical plants, oil 
refineries etc. Reducing the temperature of hot outlet fluid 
without affecting the cost is a big task for various industries 
that could be only possible by the proper selection of input. 
Typically, in a heat exchanger two segregated fluids at 
different temperature with a solid boundary, exchange 
thermal energy from one fluid to another via surface 
without even intermixing. There are numerous 
configurations of classifying heat exchanger. In context 
with the flow configuration, there exists three primary 
types for heat transfer: parallel flow, counter flow and. 
cross flow. According to Fourier for the conduction states 
the more the area of heat exchanger, the more will be the 
heat transfer rate. 

 By second law of thermodynamics only transfer of 
sensible heat occurs in the heat exchanger. One of the 
greatest advantages of the counter flow heat exchanger is 
higher uniform temperature difference as well as that the 
mass flow rate and time for the interaction of one fluid with 
other increases, the heat transfer also goes up as compared 
to parallel flow heat exchanger. Maximization of surface 

area and minimization of flow resistance lead to better 
effectiveness of heat exchanger, which is the main focus for 
designing. On the contrary, the increase in area increases 
the space for the installation and correspondingly 
manufacturing cost will get increased. On the other hand, 
reduction in flow resistance can be achieved by improving 
the surface finishing of the heat exchanger. Many 
experiments have been carried out on the counter flow heat 
exchanger citing the flow in either laminar or turbulent 
manner, for achieving its better configuration. However, 
very limited CFD simulation has been done on the counter 
flow heat exchanger at different flow configuration to 
verify the thermo-hydraulic performance or to check the 
heat transfer and velocity distribution inside the flow 
domain. 

Direction of Flow: According to the relative direction of 
two fluid streams the heat exchangers are classified into the 
following three categories: 

 1. Parallel flow 

 2. Counter flow  

 3. Cross – flow  

A.  Parallel flow heat exchangers: 
 In parallel flow heat exchangers the fluids both hot and 
cold travel in same direction. The flow arrangement for hot 
and cold fluids from inlet to outlet is shown in fig 1.1. In 
parallel flow heat exchangers the temperature difference 
from hot to clod fluid decreases. This type of heat 
exchangers requires large space and hence it is rarely used 
in practical applications. Eg: Oil coolers, oil heaters, water 
heaters etc, are examples of parallel flow heat exchanger. 

 
Fig 1.1. Parallel flow heat exchanger 

 
B. Counter flow heat exchangers 
In a counter flow heat exchanger, the two hot and cold 
fluids enter at opposite ends. The flow arrangement and 
temperature distribution for such a heat exchanger are 
shown schematically in fig. 1.2. the temperature difference 
between the two fluids remains more or less nearly 
constant. This type of heat exchanger, due to counter flow, 
gives maximum rate of heat transfer f or a given surface 
area. Hence such a heat exchangers are most favored for 
heating and cooling of fluids. 

 
Fig. 2. Counter flow heat exchanger 

C.  Cross - flow heat exchanger 
When two fluids crosses one another in space at right 

angles such type of heat exchanger is known as cross flow 
heat exchanger. In cross flow heat exchanger there is no 
mixing of fluid streams and hot fluid flows in spate tubes 
and cold fluid is mixes perfectly as it flows through the 
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exchanger. The temperature of this mixed fluid will be 
uniform across any section and will vary only in the 
direction of flow. The cooling unit of refrigeration system 
is an example of cross-flow heat exchanger. 

 
II. LITERATURE SURVEY 

Praveen Kumar Kanti et al, [1] investigated CFD analysis 
of shell and tube heat exchanger. Analysing shell and tube 
heat exchanger without baffle plates by changing their 
outer material. The calculations and simulations are done 
for counter flow of the heat exchanger. 
D.Bhanuchandrarao et al, [2] investigated CFD analysis 
and performance of parallel and counter flow in concentric 
tube heat exchangers. The results were compared between 
each model and between parallel and counter flow with 
fouled piping. Turbulent flow was also analysed during the 
development of the heat exchangers to determine its effect 
on heat transfer. While as expected the fouled heat 
exchanger had a lower performance and therefore cooled 
the working fluid less, the performance of the counter heat 
exchanger unexpectedly of the parallel heat exchanger. 
Oon et al. [3] have done a CFD simulation in fluent to 
avoid the backflow in an annular passage from the sudden 
expansion of pipe. The Nusselt number and the Reynolds 
numbers have been considered for the investigation and to 
show the uniform heat transfer from the sudden expansion. 
Then the heat flux approach was used in the fluent set up to 
show the heat transfer in the tubular pipe.  
Nagarsheth et al. [4] used a systematic approach on a cross 
flow water tube in tube heat exchanger with a string of 
basic instrument like PID controller to regulate the 
temperature. PID controller is a kind of sensor which works 
in a closed loop feedback mechanism in industrial control 
system 
Hwang et al [5] measured pressure drop and heat transfer 
coefficient in fully developed laminar pipe flow using 
constant heat flux conditions. Based on the experimental 
results they showed that the experimental friction factor 
was in good agreement with the theoretical predictions 
using the Darcy equation.  
Bianco et al [6] observed only a maximum of 11% 
difference between single and two phase results for the 
laminar regime.  
Akbari et al [7] for the first time compared three different 
two phase models and the single phase model in the 
laminar regime. Single and two phase models were found 
to be predicting identical hydrodynamic fields but very 
different thermal ones. 

III. PROBLEM STATEMENT 
 The double pipe heat exchanger is used in industry such 
as condenser for Chemical process and cooling fluid 
process. This double pipe heat exchanger is designed in a 
large size for large application in industry. To make this 
small double pipe heat exchanger type become practicality, 
the best design for this small double pipe heat exchanger is 
choose. Heat transfer is considered as transfer of thermal 
energy from physical body to another. Heat transfer is the 
most important parameter to be measured as the 
performance and efficiency of the concentric tube heat 
exchanger. By using CFD simulation software, it can 
reduces the time and operation cost compared by Analytical 
calculations in order to measure the optimum parameter 
and the behaviour of this type of heat exchanger. 

A. Objectives  
 The objective of the present study is to provide more 
complete understanding Flow misdistribution in tubular 
heat exchanger by studying area weighted and mass 
weighted temperature profiles for mal distribution without 
back flow and mal distribution with back flow. And 
comparison of average temperature profiles of flow mal 
distribution with the average temperature profiles of 
uniform mass flow distribution. This numerical 
investigation was carried out for the concentric tube 
arrangement with different diameter of tubes. A finite 
volume numerical scheme is used to predict the conjugate 
heat transfer and fluid flow characteristics with the aid of 
the computational fluid dynamics (CFD) commercial code, 
FLUENT. An effective model, the standard based k-ε 
turbulence model was applied in this investigation. the 
available relevant literature is quite limited With respect to 
the analytical and it is still difficult to predict the physics of 
the flow mal distribution within the circular tube banks. 
Therefore, temperature distributions within the bundle were 
studied numerically. The objective of this study is to 
develop a CFD simulation to predict heat Transfer in 
concentric tube heat exchanger by using different fluids. 
 

B. Scopes of research 
The scopes of this research are as follows: 
i. Study on heat transfer for heat exchanger specific to 

double pipe heat exchanger types.  
ii. Design the double pipe heat exchanger by using 

ANSYS WORKBENCH.  
iii. Simulation in double pipe heat exchanger by using 

FLUENT software. 
iv. Analysis the heat exchanger specific to flow rate of hot 

and cold fluid. 
v. To simulate heat transfer in concentric tube heat 

exchanger by using CFD-Fluent software.  
vi. To analyze the heat transfer in concentric tube heat 

exchanger by comparing the simulation result to the 
Analytical calculations. Validate simulation results to 
the Analytical calculations within 5% error. 
 

IV. GEOMETRY AND MODELING 
 The layout diagram for practical analysis on parallel 
flow and counter flow heat exchanger is as shown below 

 
Fig 3: line diagram for practical heat exchanger 

 
A. Modeling of heat exchanger by using ANSYS 
 The geometry made in ANSYS workbench. This 
geometry imported to Ansys fluent and repairs the 
geometry 
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Fig 4: Geometric modeling of heat exchanger 

 

 
Fig 5: Geometric modeling of heat exchanger close view 

 
B. Defining Material Properties 
  Water was used as the base fluid flowing through 
tubing or piping. Its material properties were derived from 
tables based on the temperature which was being calculated 
in the model. The material was defined in FLUENT using 
its material browser. For the different flow arrangement 
problem model certain properties were defined by the user 
prior to computing the model, these properties were: 
thermal conductivity, density, heat capacity at constant 
pressure, ratio of specific heats, and dynamic viscosity. For 
the modified Graetz problem with pipe wall conduction as 
well as for the heat exchanger models the material library 
properties in FLUENT were used. 
TABLE I.  FLUID PROPERTIES 

Different 

fluids 

properties 

Density 

(ρ) 

kg/m3 

Thermal 

conducti 
vity(K) 

W/mk 

Specific 

heat CP 

j/kgK 

Dynamic 

viscosity 

(μ) kg/m 

Water 998.2 0.6 4182 0.001003 

Transform
er oil 

826 0.134 2328 0.009 

 
 
TABLE II.  MATERIAL PROPERTIES 

Different 
material 

properties 

Density (ρ) 
kg/m3 

Thermal 
conductivity(K) 

W/mk 

Specific heat 
(CP) j/kgK 

Copper 8978 387.6 381 

Galvanized iron 7850 520.1 470 

 

 
Fig 6: Meshed model of heat exchanger 

 

 
Fig 7: .Mesh structure of computational domain 

 
C. Finite volume methods 
 The mass, momentum, and scalar transport equations 
are integrated over all the fluid elements in a computational 
domain using CFD. The finite volume method is a 
particular finite differencing numerical technique, and is 
the most common method for calculating flow in CFD 
codes. This section describes the basic procedures involved 
in finite volume calculations.  
 The finite volume method involves first creating a 
system of algebraic equations through the process of 
discretizing the governing equations for mass, momentum, 
and scalar transport. To account for flow fluctuations due to 
turbulence in this project, the RANS equations are 
discretized instead when the cases are run using the k-
epsilon turbulence model. When the equations have been 
discretized using the appropriate differencing scheme for 
expressing the differential expressions in the integral 
equation (i.e. central, upwind, hybrid, or power-law, or 
other higher order differencing schemes), the resulting 
algebraic equations are solved at each node of each cell. 
Numerical procedure and computational methodology: 
 The governing differential transport equations were 
converted to algebraic equations before being solved 
numerically. After the specification of the boundary 
condition, the solution control and the initialization of the 
solution have to be given before the iteration starts. The 
solution controls like the pressure velocity coupling and the 
discrimination of the different variables and the relaxation 
factors have to be specified.  
The solutions sequential algorithm (called the segregated 
solver) used in the numerical computation requires less 
memory that the coupled solver. Since we are using the 
segregated solver for our problem, the default under 
relaxation factors are used and the SIMPLE scheme for the 
pressure velocity coupling is used and the second 
discrimination is used for the momentum and the standard 
scheme is used for the pressure. 
 

V. RESULTS AND DISCUSSIONS  

A. Experimental values Obtained for water From 

Practical Heat Exchanger 
For parallel flow:  
Hot water flow rate: 50CC 
Cold water flow rate: 40cc 
Inlet temperature Thi = 490 C  
Outlet temperature Tho = 420C 
Inlet temperature Tci = 250 C 
Outlet temperature Tco = 300C 
For counter flow:  
Hot water flow rate: 50CC 
Cold water flow rate: 40cc 
Inlet temperature Thi = 490C 
Outlet temperature Tho = 410 C  
Inlet temperature Tci = 250 C  
Outlet temperature Tco = 30.50 C 
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B. Experimentalvalues Obtained For Transformer Oil 

From Practical Heat Exchanger  
For parallel flow:  
Hot Transformer oil flow rate: 50CC 
Cold water flow rate: 40cc 
Inlet temperature Thi = 490 C  
Outlet temperature Tho = 450C 
Inlet temperature Tci = 250 C 
Outlet temperature Tco = 280C 
For counter flow:  
Hot transformer oil flow rate: 50CC 
Cold water flow rate: 40cc 
Inlet temperature Thi = 490C  
Outlet temperature Tho = 430 C 
Inlet temperature Tci = 250 C  
Outlet temperature Tco = 28.50C 

 
Fig 8: velocity distribution over pipes for water –water in tubes 
 

 
Fig 9: Temperature distribution for parallel flow heat exchanger 

 
Fig 10: Temperature distribution for parallel flow heat exchanger 
 

 
Fig 11:  velocity distribution over pipes for oil and water in tubes 

 

 
Fig 12: temperature distribution for parallel flow heat exchanger 

 
 
C. Results for practical analysis on heat exchanger 

 
TABLE III.  CASE 1- PARALLEL FLOW HEAT EXCHANGER  

WATER - WATER 

s.no 

Water 

flow 

rate in 

CC 

Inlet 

temperatur

e in 
0C 

Out let 

temperat

ure in 
0C 

Temperature 

difference in 
0C 

Cold 
water 

40 25 30 5 

Hot 
water 

50 49 43 6 

 

 
Graph 5.1: Case 1- Parallel flow heat exchanger water - water 

 
TABLE IV.  CASE 2 - COUNTER FLOW HEAT EXCHANGER 

WATER - WATER 

s.no 

Water 
flow 

rate in 
CC 

Inlet 
temperat

ure in 
0C 

Out let 
temperatur

e in 
0C 

Temperatu
re 

difference 
in 
0C 

Cold 
water 

40 25 30.5 5.5 

Hot 
water 

50 49 41 7 

 

 
Graph 5.2: Case 2- Counter flow heat exchanger water - 
water 
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TABLE V.  CASE 3- PARALLEL FLOW HEAT EXCHANGER  

TRANSFORMER OIL  - WATER 

s.no 

Water 
flow 

rate in 
CC 

Inlet 
temperature 

in 
0C 

Out let 
temperat

ure in 
0C 

Temperatu
re 

difference 
in 
0C 

Cold 
water 

40 25 28 3 

Trans
forme
r oil 

50 49 45 4 

 

 
Graph 5.3: Case 3- Parallel flow heat exchanger Transformer oil - 
water 

 
TABLE VI.  CASE 4 - COUNTER FLOW HEAT EXCHANGER 

TRANSFORMER OIL - WATER 

s.no 

Water 
flow 

rate in 
CC 

Inlet 
temperatur

e in 
0C 

Out let 
temperature 

in 
0C 

Tempera
ture 

differenc
e in 
0C 

Cold 
water 

40 25 29.5 4.5 

Transf
ormer 
oil 

50 49 43 6 

 

 
Graph 5.4: Case 4 - Counter flow heat exchanger 
Transformer oil - water 
D. Results for CFD analysis on heat exchanger 

 
TABLE VII.  CASE 5 - PARALLEL FLOW HEAT EXCHANGER 

WATER - WATER 

s.no 

Water 
flow 
rate in 
CC 

Inlet 
temperatur
e in 
0C 

Out let 
temperature 
in 
0C 

Temperatur
e difference 
in 
0C 

Cold 
water 

40 25 30.5 5.5 

Hot 
water 

50 49 43 6 

 

 
Graph 5.5: Case 1- Parallel flow heat exchanger water – water 

 
TABLE VIII.  CASE 6 - COUNTER FLOW HEAT EXCHANGER 

WATER - WATER 

s.no 

Water 
flow 
rate in 
CC 

Inlet 
temperature 
in 
0C 

Out let 
temperature 
in 
0C 

Temper
ature 
differen
ce in 
0C 

Cold 
water 

40 25 31 6 

Hot 
water 

50 49 42 7 

 

 
Graph 5.6: Case 6- Counter flow heat exchanger water - 
water 
TABLE IX.  CASE 7- PARALLEL FLOW HEAT EXCHANGER 

TRANSFORMER OIL  - WATER 

s.no 
Water 
flow rate 
in CC 

Inlet 
temperature in 
0C 

Out let 
temperature in 
0C 

Tempe
rature 
differe
nce in 
0C 

Cold 
water 

40 25 28 3 

Transf
ormer 
oil 

50 49 45 4 

 

 
Graph 5.7: Case 7 - Parallel flow heat exchanger 
Transformer oil - water 
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TABLE X.  CASE 8 - COUNTER FLOW HEAT EXCHANGER 

TRANSFORMER OIL - WATER 

s.no 

Water 

flow 

rate in 

CC 

Inlet 

temperature 

in 
0C 

Out let 

temperature 

in 
0C 

Temperat

ure 

difference 

in 
0C 

Cold 
water 

40 25 29 4 

Trans
forme
r oil 

50 49 43 5 

 

 
Graph 5.8: Case 8 - Counter flow heat exchanger 
Transformer oil - water 

 

Conclusion 
 The performance, practical and CFD analysis of 
different fluids were investigated on parallel and counter 
flow in concentric tube heat exchanger.  
 In the present work the counter flow heat exchanger 
using CFD analysis has been investigated. The heat transfer 
and flow distribution of 3-D model counter flow heat 
exchanger is discussed in detail and compared with the 
previous literature in view of varying the inlet temperature 
and flow rate. The discretized 3-D model outcome are in 
agreement with the previous literature and hence are 
validated for proposed heat exchanger using fluent 
simulation tool of ANSYS. The present work observes the 
better heat transfer and comprehensive understanding of a 
heat exchanger.  
The conclusions of the investigating at are as follows. 
1. The main objective of this project was to analyses the 

fluid flow in double pipe heat exchangers and the 
subsequent performance of these heat exchangers. 

2. This review is done on both practical and CFD analysis 
3. Modeling the double pipe heat exchanger by using 

ANSYS WORKBENCH. 
4. To simulate heat transfer in concentric tube heat 

exchanger by using CFD-Fluent software.   

5. The ANSYS FLUENT results were found to be fairly 
consistent with hard calculations with most of the 
values within 5% of each other 

6. The results in practical and as well as in cfd are nearly 
equal 

7. As the cold fluid temperature goes down, the steady 
state condition for heat transfer can be achieved at a 
faster rate  

8. The pressure and temperature contours show the higher 
velocity and pressure magnitudes along the outer pipes 
as compared to the inner pipe. 
Moreover, new materials with better thermal properties 

for the construction of counter flow heat exchanger could 

lead to bright and improved changes of heat transfer. The 
present work can further be enhanced by considering 
Nusselt and Reynolds number stress models to improve the 
flow characteristics in the system and comparing the results 
with other computational methods. 
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Design and Finite Element Analysis of Gas Turbine 

Blade 
Mojeswararao Duduku and B.Rambabu 

Department of Mechanical Engineering, Narasaraopeta Engineering College (A), Narasaraopet, India 

 

          Abstract— Gas turbines are extensively used for air craft 

propulsion, land based power generation and industrial 

applications. Thermal efficiency of gas turbine improved by 

increasing turbine rotor inlet temperature. The current rotor 

inlet temperature in advanced gas turbine is for above the   

melting point of blade material. A sophisticated cooling scheme 

must be developed for continuous safe operation of gas turbines 

with high performance. 

Gas turbines are cooled externally and internally. 

Several    methods have been suggested for the cooling of blades 

and vanes. The techniques that involve cooling the blades and 

vanes by using cooling methods is to have radial holes to pass high 

velocity cooling air along the blade span.                    

In this thesis a turbine blade is designed and modeled in 

CREO parametric software. The turbine blades are designed 

using film cooling. The turbine blade with film cooling for no 

holes, 3 holes, 7 holes, 13 holes is modeled. 

CFD, Thermal analysis is done to determine the heat 

transfer rates, heat transfer coefficients of the blade. The present 

used material for blade is chromium steel. In this thesis, it is 

replaced with Nickel alloys. CFD analysis, Thermal analysis is 

done in ANSYS. 

 

      Keywords: Gas turbine blade, Vanes, CREO, nickel alloy. 

 

INTRODUCTION 

A gas turbine, also called a combustion turbine, is a 

type of internal combustion engine. It has an upstream 

rotating compressor coupled to a downstream turbine, and 

a combustion chamber in-between.Gas turbines are sometimes 

referred to as turbine engines. Such engines usually feature an 

inlet, fan, compressor, combustor and nozzle (possibly other 

assemblies) in addition to one or more turbines. 

 

 
     Fig: 1 Gas Turbine 

I. SELECTION OF MATERIAL 

Chromium Steel Thermal conductivity = 24.38W/m-k 

Nickel Alloy 617 Thermal conductivity = 13.6W/m-k 

 

 
      Fig: 2 Imported Model 

 

II.FINITE ELEMENT ANALYSIS 

FEA consists of a computer model of a material or 

design that is stressed and analyzed for specific results. It is 

used in new product design, and existing product refinement. 

A company is able to verify a proposed design will be able to 

perform to the client's specifications prior to manufacturing or 

construction. Modifying an existing product or structure is 

utilized to qualify the product or structure for a new service 

condition. In case of structural failure, FEA may be used to 

help determine the design modifications to meet the new 

condition.  

There are generally two types of analysis that are used 

in industry: 2-D modeling, and 3-D modeling. While 2-D 

modeling conserves simplicity and allows the analysis to be 

run on a relatively normal computer, it tends to yield less 

accurate results. 3-D modeling, however, produces more 

accurate results while sacrificing the ability to run on all but 

the fastest computers effectively. Within each of these 

modeling schemes, the programmer can insert numerous 

algorithms (functions) which may make the system behave 

linearly or non-linearly. Linear systems are far less complex 

and generally do not take into account plastic deformation. 

Non-linear systems do account for plastic deformation, and 

many also are capable of testing a material all the way to 

fracture. Points of interest may consist of: fracture point of 

previously tested material, fillets, corners, complex detail, and 

high stress areas. The mesh acts like a spider web in that from 

each node, there extends a mesh element to each of the 

adjacent nodes.                                      

http://en.wikipedia.org/wiki/Internal_combustion_engine
http://en.wikipedia.org/wiki/Gas_compressor
http://en.wikipedia.org/wiki/Turbine
http://en.wikipedia.org/wiki/Combustion_chamber
http://en.wikipedia.org/wiki/Gas_turbine
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Fig: 3 Turbine blade with 3 holes 

                                                                                                                

 
Fig: 4 Turbine blade with 7 holes 

 

 
Fig: 5 Turbine blade with 13 holes 

RESULTS AND ANALYSIS 

TABLE I. CFD ANALYSIS 

 

 

TABLE II. THERMAL ANALYSIS 

 

 

In this thesis a turbine blade is designed and modeled 

in Pro/Engineer software. The turbine blades are designed 

using cooling holes. The turbine blade is designed with no 

holes, 3 holes, 7 holes, 13 holes. The present used material for 

blade is chromium steel. In this thesis, it is replaced with 

Nickel alloy. Thermal and CFD analysis is done to determine 

the heat transfer rates and heat transfer coefficients of the 

blade.  

CONCLUSION 

By observing the CFD analysis results, the pressure 

gradient is more for blade with 3 holes than blade with 7 & 13 

holes. Due to high pressure gradient, the heat transfer 

coefficient and heat transfer rate are more for blade with 3 
holes. 
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vinod  

Turbine 

models 

Results  

Pressu

re(Pa) 

Velo

city(

m/s) 

Heat 

transf

er 

coeffi

cient(

W/m2

-k) 

Mass 

flow 

rate 

(kg/s) 

Heat 

tran

sfer 

rate(

W) 

No-holes 2.63e+0

5 

1.79

e+03 

2.86e+

03 

0.366

0354

6 

2898

48 

3-holes 6.51e+0

5 

1.96

e+03 

2.66e+

03 

1.336

2656 

1468

896 

7-holes 3.59e+0

5 

1.98

e+03 

3.06e+

03 

0.218

4982

3 

1730

56 

13-holes 2.61e+0

5 

1.82

e+03 

2.88e+

03 

0.182

1594

2 

1442

32 

Models Material

s 

Results 

Temperature(°C) Heat 

flux(W/mm2) 

 

Max. Min.  

No-

holes 

Chrom

ium 

steel 

812 22.459 9.3625 

Nickel 

alloy  

812 22.059 6.4744 

3-holes Chrom

ium 

steel 

812 22.595 9.8363 

Nickel 

alloy  

812 22.078 6.8431 

7-holes Chrom

ium 

steel 

812 22.331 10.517 

Nickel 

alloy  

812 22.04 7.2644 

13-holes Chrom

ium 

steel 

812 22.39 7.9833 

Nickel 

alloy  

812 22.048 5.224 
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 Investigation on Mechanical Properties of Glass 

fiber and Carbon Nano Tubes Sandwich Composite 

Material 
 Rajiv Kumar Busa  
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.

 

    Abstract—Sandwich epoxy composite 

material is a combination of two or more different 

materials which consists of three layers i.e. two face 

sheets and one core material as in the form of layer. 

These Composites are widely used because of their light 

weight and good strength which are suitable for the 

applications like aerospace, marine, automobile, 

architecture panel etc. In order to improve the 

properties of the sandwich epoxy composites several 

particulate and fiber based fillers/reinforcing materials 

are used.  

 This research work involves in improving the 

mechanical properties of Epoxy /Glass Fiber composite 

by adding Multi Walled Carbon Nano Tubes 

(MWCNT) and thus reducing the cost of the hybrid 

nano composite.  

 In this research work high magnesium content 

and low weight aluminum sheet of 0.5mm thickness 

sheet is used as face material and Carbon nanotubes 

which is low weight material and glass fiber of woven 

type is used as core material in order to improve 

mechanical properties. In addition to this, Carbon 

nanotubes have high electrical conductivity than 

copper by adding Carbon nanotubes electrical 

properties can also be improved.  

 Formability analysis is done to find out forming 

parameters by using Erickson cupping test. 

.Experimental investigation helps in identifying the 

some of the parameters such as density, Poisson’s ratio, 

yield strength, ultimate tensile stress, total elongation, 

strain hardening coefficient, plastic strain ratio, etc. of 

materials.  

 
      Keywords—Epoxy, Carbon Nano Tubes, Glass Fiber. 

I. INTRODUCTION 

Sandwich composite material is a combination of 

two or more different materials which consists of three 

layers i.e. two face sheets and one core material as in the 

form of layer. These materials have great advantages such 

as low weight and considerably higher shear stiffness to 

weight ratio than an equivalent beam made of only the core 

material or the face-sheet material and also high tensile 

strength to weight ratio. The high stiffness of the face-sheet 

leads to a high bending stiffness to weight ratio for the 

composite. 

 There are different manufacturing processes for 

sandwich composite materials .They are cold working and 

hot working process. In cold working process there in no 

external heat is used in hot working process external heat 

is supplied to the material to improve its properties and also 

to minimize curing time. 

 Materials used for manufacturing are as in the form 

of sheets and some- times core materials are in the form of 

granulated powder. Mostly aluminum is used in 

manufacturing of sandwich composite material due to its 

low weight and easy deformation on applying of load. 

Depending up on the requirement number of layers are 

increased in general it is a three layer composite 

 

II. SANDWICH STRUCTURE 

 Sandwich structures can be classed as composite 

materials in that they consist of two or more individual 

components of differing properties which when combined 

result in a high performance material. In contrast to 

monolithic composites - which consist of an intimate 

mixture of fibres (glass, kevlar, carbon, metal, etc.) 

supported within a continuous matrix (e.g. thermoplastic or 

thermoset resin) - sandwich structures have a discrete 

structure in which a core material is bonded to, and faced 

with, a skin material.  

 The skin material usually has a high stiffness, 

whereas the core typically has high compressive and shear 

strength. When these are bonded together, this combination 

gives the sandwich structure a high flexural modulus. 

Skin material can vary but common forms include: 

FRP (fibre reinforced polymer - thermoplastic and 

thermoset). 

Polymer 

Wood 

Aramid sheet 

Metals (aluminium, titanium, steel, etc.) 

Ceramic 

Stone 

The core can exist in a number of structures and 

materials: 

Expanded/extruded foam (polymer - polyurethane, 

epoxy; metal - aluminium) 

Honeycomb structure (metal - aluminium, steel; 

Nomex - aramid fibre dipped in resin (epoxy, phenolic or 

polyamide) to form a paper-like material) 

Solid (wood - balsa; polymer - epoxy) 

 The skins are bonded to the core with film, liquid or 

paste adhesives and normally cured using heat and 

pressure, although some adhesives can cure at room 

temperature. It is important to note that the chosen adhesive 

needs to have the appropriate mechanical and thermal 

properties to achieve compatibility between the skin and 



Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

48 

 

core materials, especially with respect to thermal 

expansion differences. 

 Sandwich panels are used in preference to 

conventional composites where the characteristics of low 

weight and high resistance to bending are required. 

SANDWICH THEORY 

 Sandwich theory describes the behavior of a beam, 

plate, or shell which consists of three layers - two face 

sheets and one core. The most commonly used sandwich 

theory is linear and is an extension of first order beam 

theory. Linear sandwich theory is of importance for the 

design and analysis of sandwich panels, which are of use 

in building construction, vehicle construction, airplane 

construction and refrigeration engineering. 

 

SOME ADVANTAGES OF SANDWICH   

CONSTRUCTION ARE 

i) Sandwich cross sections are composite. They 

usually consist of a low to moderate stiffness core which is 

connected with two stiff exterior face-sheets. The 

composite has considerably higher shear stiffness to weight 

ratio than an equivalent beam made of only the core 

material or the face-sheet material. The composite also has 

a high tensile strength to weight ratio. 

ii) The high stiffness of the face-sheet leads to a 

high bending stiffness to weight ratio for the composite. 

 The behavior of a beam with sandwich cross-

section under a load differs from a beam with a constant 

elastic cross section as can be observed in the adjacent 

figure. If the radius of curvature during bending is large 

compared to the thickness of the sandwich beam and the 

strains in the component materials are small, the 

deformation of a sandwich composite beam can be 

separated into two parts 

i) Deformations due to bending moments or 

bending deformation, and 

ii) Deformations due to transverse forces, also 

called shear deformation. 

 

III.CARBON NANO TUBES 

 Carbon Nanotube is a tube shaped material, made 

of carbon, having a diameter measuring on the nanometer 

scale. A nanometer is one billionth of a meter, or about one 

ten thousandth of the thickness of a human hair. The 

graphite layer appears somewhat like a rolled up chicken 

wire with a continuous unbroken hexagonal mesh and 

carbon molecules at the apexes of the hexagons.  

 Carbon Nanotubes have many structures, differing 

in length, thickness, and in the type of helicity and number 

of layers. Although they are formed from essentially the 

same graphite sheet, their electrical characteristics differ 

depending on these variations, acting either as metals or as 

semiconductors. As a group, Carbon nanotubes typically 

have diameters ranging from <1 nm up to 50 nm. Their 

lengths are typically several microns, but recent 

advancements have made the nanotubes much longer, and 

measured in centimeters. 

 

CARBON NANO TUBES IN COMPOSITES  

 Carbon nanotubes have high Young’s modulus and 

axial tensile strength but they are also very flexible. So that 

they can be knotted tightly without breakage and exhibit a 

plastic behavior, in contrast with conventional carbon 

fibers. 

 It has been verified that carbon nanotubes improve 

thermal and flammability properties of a number of 

polymers. 

 CNTs show outstanding mechanical properties: 

stiffness, strength and resilience exceeds any current 

material .CNTs also have superior thermal and electrical 

properties: thermal stability up to 2,800◦C in vacuum 

thermal conductivity about twice as high as diamond, 

electric current-carrying capacity 1,000 times higher than 

copper wires. 

CNT has lot of applications due to is extensive 

properties compared with other materials by adding CNT 

to any composite its properties can be improved. It has high 

electrical conductivity than copper so it is used in many 

electrical applications. 

 

CNT CAN BE CATEGORIZED BY THEIR   

STRUCTURES 

 Single wall Nanotubes (SWNT) 

 Multiwall Nanotubes (MWNT) 

 Double wall Nanotubes (DWNT) 

In this research work multiwall carbon nanotubes powder 

is used.  

 

PROPERTIES OF A CARBON NANOTUBE 

 The intrinsic mechanical and transport properties of 

Carbon Nanotubes make them the ultimate carbon fibers. 

The following tables compare these properties to other 

engineering materials. 

 Overall, Carbon nanotubes show a unique 

combination of stiffness, strength, and tenacity compared 

to other fiber materials which usually lack one or more of 

these properties. Thermal and electrical conductivity are 

also very high, and comparable to other conductive 

materials. 

Fiber 

material 

Streng
th 

(Tpa) 

Specific 
density 

(g/cm3) 

E 

(TPa) 

Strain 

at 

Break 
(%) 

Carbon 

Nanotube 
10-60 1.3-2 1 10 

HS steel 4.1 7.8 0.2 <10 

Carbon 
fiber-PAN 

1.7-5 1.7-2 0.2-0.6 0.3-2.4 

Carbon 

fiber-Pitch 

2.2-

3.3 
2-2.2 0.4-0.96 

0.27-

0.6 

E/S- glass 2.4/4.5 2.5 0.07/0.08 4.8 

Kevlar 49 
3.6-

4.1 
1.4 0.13 2.8 

Comparison of mechanical properties of carbon nanotubes with different 

material 

 

Material 
Electrical 

Conductivity 

(s/m) 

Thermal 

Conductivity(W/m.k) 

Carbon 

Nanotubes 
106-107 >3000 

Carbon Fiber- 
Pitch 

2 -8.5 × 106 1000 

Carbon Fiber- 

PAN 
6.5 - 14 ×106 8 - 105 
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Copper 6 × 107 400 

Comparison of transport properties of carbon nanotubes with different 

material 

 

POTENTIAL APPLICATIONS FOR CARBON 

NANOTUBES 

 Carbon Nanotube Technology can be used for a 

wide range of new and existing applications: 

Conductive plastics 

Structural composite materials 

Flat-panel displays 

Gas storage 

Antifouling paint 

Micro- and nano-electronics 

Radar-absorbing coating 

Technical textiles 

Ultra-capacitors 

Atomic Force Microscope (AFM) tips 

Batteries with improved lifetime 

Biosensors for harmful gases 

Extra strong fibers. 

 

APPLICATIONS OF NANOCOMPOSITES 

Wind-turbine blades,  

Boats,  

Architectural moldings 

Automobile 

Structural panels for Aerospace applications. 

 

PROPERTIES TO BE INVESTIGATED 

Tensile properties 

Flexural properties 

Impact properties  

Hardness 

Formability 

 

MATERIALS USED IN PREPARATION OF 

HYBRIDSANDWICH COMPOSITE SHEETS: 

 Aluminum sheet (AA5052-H32) of 0.5mm 

thickness. 

 Glass fiber of woven type. 

 Adhesive (resin and hardener type) EPOXY 

(LY556) and Hardener (HY951). 

 Multi walled CNT (carbon nanotubes) powder 

(Inside Diameter: 5 to 10 nm, Out Side 

Diameter: 10 to 20 nm, Length: 10 to 30 µm, 

Purity: 99.8%). 

 

 
METHODS USED FOR PREPARATION OF SANDWICH    

SHEET: 

 Hand Lay-up 

 Vacuum Bagging 

 Spray Lay-up 

 Filament Winding 

 Pultrusion 

 Resin Transfer 

 Infusion Processes 

In this research work hand lay out technique is used for 

preparation of sandwich sheet which is a simple and low cost 

method for manufacturing of sandwich sheets. 

 

COMBINATIONS PREPARED: 

 AA (5052)-H32/GF/AA (5052)-H32. 

 AA (5052)-H32/CNT/GF/CNT/AA (5052)-H32. 

(3%, 4%, 5%) 

 

ACCESSORIES NEEDED FOR PREPARATION OF    

SANDWICH SHEETS: 

 i) Measuring tape: To measure and mark dimensions 

of   aluminum and glass fiber.  

   ii) Tin cutter: To cut aluminum sheet. 

   iii) Emery paper: To rub aluminum sheet. 

iv) Box plaster: To keep glass fiber without de-

lamination while cutting. 

   v) Scissor: To cut glass fiber. 

        vi) Mugs: For mixing of resin and hardener. 

    vii)  Gloves and face mask for safety purpose 

   viii) Stirrer: For mixing of resin and hardener. 

ix) Plastic cover: To cover sandwich sheet so extra 

resin    squeeze cannot stick to ply     wood.  

x) Ply wood: To cover sandwich sheet for equal 

distribution of pressure. 

  xi) Measuring jar: To measure ethyl alcohol. 

xii) Electronic weighting machine: To check weight of 

resin and hardener. 
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STEPS INVOLVED IN PREPARATION OF 

SANDWICH SHEET: 

CUTTING OF ALUMINUM SHEET: 

 The actual sheet dimension is 1220mm length and 

1020mm width. With tin cutter cut the sheet into 9 pieces 

of each has dimensions of 406 mm length and 340mm 

width. 

 

PREPARATION OF SHEET SURFACE: 

 By using high quality emery paper rub the shine 

surface side of sheets which provides scratches in order to 

provide grip to sandwich sheet without causing de-

lamination. With the help of emery paper manually can rub 

the sheet. 

 

CUTTING OF GLASS FIBER: 

 As glass fiber used is of woven type it will simply 

delaminate while cutting in order to prevent this use 5cm 

box tape (plaster) and paste it on glass fiber which helps in 

preventions of de-lamination of glass fiber and by using a 

strong scissor or glass fiber cotter is used to cut the glass 

fiber to required dimension upon the pasted box tape on 

glass fiber. 

 (Note: The dimension of glass fiber should be more 

than sheet) 

 

MIXING OF RESIN AND HARDNER: 

 Before starting work with epoxy ware face mask 

and rubber gloves why because resin and hardener smell is 

very bitter and it is difficult to work with it without wearing 

face mask which helps in covering your nose and 

chemicals in resin and hardener are highly reactive while 

coming in contact to skin leads skin diseases and allergies 

in order to overcome this wear gloves, allow proper work 

space i.e. prepare sheet at proper ventilation area. 

 For 1000gms of resin mix 400 grams of hardener 

and stirrer the combination using stirrer for 20 to 30 

minutes. Now epoxy mix is ready to apply. 

 

APPLYING OF RESIN HARDNER MIX TO ALUMINUM 

SHEET: 

 Take proper quantity of resin hardener mixture by 

using spoon and pour it on aluminum sheet after that by 

using a roller, distribute mixture to all the sheet without any 

gaps and place the glass fiber piece upon it repeat the step 

and place the another sheet upon glass fiber so as aluminum 

sheets are placed on both sides of glass fiber.  

 Now cover the both sides of sandwich sheet with 

plastic cover which helps in removing of sheet easily after 

curing why because by application of load upon sheet leads 

to squeeze the epoxy mixture to outer edges of sheet which 

will stick to other surfaces in order to overcome this plastic 

cover is used to cover both sides of sandwich sheet. 
 

APPLICATION OF LOAD ON SHEETS: 

 After completion of above steps place a plywood 

piece which is larger in dimension of sheet upon the 

sandwich sheet, on application of load upon wood leads to 

equal distribution of load to all sides of sheet. After that 

apply load of around 40 to 50kgs and allow the sheets to 

curing gas curing time is 19 hours, after curing remove the 

sheets and cut the extra glass fiber on each edges of 

sandwich sheet gently and sandwich sheet is ready for 

testing. Load can be applied by using any weight, but 

approximately 40kgs and above has to be applied. 

 (Note: After curing resin squeezes out sticks to 

glass fiber and plastic sheet covered plastic sheet can be 

removed easily but cutting of glass fiber will be difficult 

the scissor used for cutting of glass fiber cannot be used 

glass fiber cutter or tin cutter can also be used) 

 
PREPARATION OF CNT IMPREGATED SANDWICH 

SHEET: 

 The above procedure is same for all type of sheets 

prepared but only resin hardener mixing is to be changes 

while preparation of carbon nanotubes impregnated 

sandwich sheets. This project involves in preparation of 

different sandwich sheets with different percentages of CNT 

power in core material. 

 In order to prepare 3% of CNT sandwich sheet 

30gms of resin is to be removed from 1000gms and then 

CNT is poured into resin and mixed for some time and then 

hardener is mixed and further work is continued as described 

as above. 

 In this project CNT reinforced sheets with 3%, 4% 

and 5% are to be manufactured. For 4% sheets 40gms of 

resin has to be removed and for 5% sheets 50gms of resin 
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has to be removed. And for proper epoxy mix respective 

amount of hardener has also be removed improper mixing or 

low quantity mixing leads to damages such as de-lamination 

of sheet can takes place.  

 

WEIGHING OF RESINE: 

 An electronic weighing machine is used to measure 

resin and remaining resin is poured into another bottle with 

lid or closed container for further application. After opening 

of seal resin or hardener can be used only up to 3 months so 

extra resin removed can be used within 3 months. 

 

WEIGHTING OF HARDNER: 

 In order to get proper mix and good adhesion 

respective amount of hardener is also to be removed and 

poured in another bottle with lid or a closed container. If 

30gms of resin is removed from the 1000gms bottle then 

12gms of hardener has to be removed from the 400gms of 

hardener. If 40gms of resin is removed from the 1000gms 

bottle then 16gms of hardener has to be removed from the 

400gms of hardener. If 50gms of resin is removed from the 

1000gms bottle then 20gms of hardener has to be removed 

from the 400gms of hardener. Why this is because the resin 

and hardener mix ratio is 1000gms of resin to 400gms of 

hardener.  

(Note: Improper mixing leads to damage of work and 

proper strength can be achieved). 

 

PROBLEMS ARISED DURING PREPARATION OF CNT 

SANDWICH SHEETS: 

 As resin and hardener is highly reactive by mixing 

of CNT into it leads to some chemical reaction and lot of 

heat is generated and within 20 minutes total resin and 

hardener mix get solidified  as like as solid plastic. In 

addition to this lot of heat is generated and after 

solidification also heat cannot be reduced for a long time. 

For manufacturing purpose 20 minutes cannot be enough 

to prepare sandwich sheets. 

  This process was tried on 3% CNT mixture and 4% 

CNT and 5% CNT mixture but when CNT percentage is 

reactive time is reducing from 40 minutes to 20 minutes for 

solidification, which was enough to prepare one or two 

sheets, but in order to prepare more sheets time is not 

enough. 

 

PROBLEM RECTIFICATION: 

 In order to rectify the above problem dispassion 

solution is used which will increase the reaction time to 2 

hours so within 2 hours work can be finished but dispassion 

solution cannot be mixed directly to resin and hardener or 

CNT powders a method called sonication  or ultra-

sonication. Sonication process is used in which dispassion 

solution is heated to rise its temperature and CNT powder is 

mixed into it and allow to stirrer for 30 minutes to 1 hour and 

then solution is ready so that all powder poured into it gets 

equally dissipated, the solution is poured into the resin and 

further work is done as mentioned above. In this project ethyl 

alcohol is used as dispassion solution and 200ml is used for 

1000 grams of resin.   

(Note: while working with 4% and 5% CNT 300ml is 

used.) 

 
 

SONICATION PROCESS: 

 Sonication can be used to speed dissolution, by 

breaking intermolecular interactions. It is especially useful 

when it is not possible to stir the sample. Sonication is 

commonly used in nanotechnology for evenly dispersing 

nanoparticles in liquids. 

 

CLEANING AFTER PREPARATION: 

 Even though gloves are used as epoxy mix have 

high adhesive property sometimes gloves may tore due to 

sharp edges of aluminium sheet and epoxy mix can come in 

contact to skin during such time acetone can be used to clean 

where it comes in contact and also after completion of sheet 

preparation process and sonication process stirrer and 

measuring jars and other equipment’s which are in contact 

with epoxy mix can be cleaned by using acetone liquid. 

    
 

EXPERIMENTAL WORK 

TESTS CONDUCTED: 

 Tensile Test. 

 Flexural Test. 

 Impact Resistance Test. 

 Ericission Cupping Test. 

 

TENSILE TEST: 

The ASTM standard for tensile test is D638 

 
ASTM standard figure for tensile test 
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Tensile testing setup 

 

 
Tensile test specimens before and after testing. 

 

FLEXURAL TEST 

The ASTM standard for flexural test is [D790] all 

dimension are in mm. 

 
ASTM standard figure for flexural test 

 

 
 Flexural test specimens before and after testing 

 

IMPACT RESISTANCE TEST 

Test conditions: 

Temperature: Room temperature (25 ± 20C). 

Diameter of impact core: 12.7mm. 

Height of weight fall (1kg): 100cm & 150cm.  

 
Impact Resistance test setup 

 

 
Impact resistance specimens before and after testing 

 

ERICISSION CUPPING TEST 

Test method: IS10175 

 
Ericission cupping test setup 

 

 
Ericission cupping test specimen before and after testing 

 

 

 

OBJECTIVES 

The epoxy resin is proposed as the core material in 

this research due to its cheaper cost. This research work will 

be carried out in room temperature condition and with simple 

cost effective experimental setup (Hand Layup Technique) 

Glass Fiber (GF) will be used as reinforcement in the core 

(epoxy). The mechanical properties of the core shall be 

improved by adding Carbon Nano Tubes (CNT). 

 

OBSERVATIONS 

It has been found that by mixing of CNT powder to 

epoxy causes curing time to reduce due to the chemical 

reaction. It has been found that by mixing of CNT powder to 

epoxy, mechanical properties of sandwich sheets can be 

improved. It has been found that by mixing of various 
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percentages of CNT (by increasing percentage of CNT 

powder) mixed to epoxy, impact resistance can be reduced. 

It has been found that flexural strength of sandwich sheets 

can be improved by increasing in percentage of CNT powder 

mixed to epoxy. It has been found that ductility of sandwich 

sheets can be improved by varying in percentage of CNT 

powder mixed to epoxy. 

 

RESULTS AND DISCUSSION 

Impact Strength of Epoxy/GF/Steel Slag has 

improved compare to other composite materials. Hardness 

Results of Epoxy/GF/CNT very much improved compare to 

other combination of composite materials. Addition of Nano 

filler such as CNT gives better results compare to pure 

Epoxy/ Glass fiber. Mechanical Properties of AA/GF/AA 

sandwich sheets have been improved by adding of carbon 

nanotubes powder. Mechanical Strength for CNT sandwich 

sheets is more compare to GF sandwich sheets. Flexural 

strength of CNT impregnated sandwich sheets is more when 

compared to GF impregnated sandwich sheets.CNT 

impregnated sandwich sheets have more ductility when 

compared to glass fiber impregnated sandwich sheets. 

 

SCOPE 

The cost of MWCNT is high and not available in 

India. The research on CNT material in Epoxy Composite is 

not done. Very less literature is on using CNT in the Epoxy 

Composites. There is no work reported on improving the 

Mechanical properties of the Epoxy by using CNT. There is 

no study on synergetic effect of reinforcement fillers on the 

carbon nanotubes powder used in the Epoxy Composite 

materials. The research work made on combinations 

manufactured using CNT is not done yet.  
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Abstract— a steady increase in global energy demand has 

a direct influence on the fuel prices. This together with the 

environmental problems caused by the exhaust gases of cars 

is the main motives behind needs to reduce fuel consumption 

of roads vehicles. Reducing aerodynamic drag can lead to 

reduction in fuel consumption leading to less environment 

problems. 

Keywords—Aerodynamics, CFD analysis, Super Utility 

Vehicle. 

I.INTRODUCTION  

Aerodynamic, the study of the motion of air, partially it 

interaction with a solid object such as an airplane wing. 

Aerodynamic is a sub-field of fluid dynamic and gas 

dynamics, is often used synonymously with gas dynamics, 

the difference being that “gas dynamics” applies to study 

of the motion of all gases, and is not limited to air. The 

formal study of aerodynamic began in the modern sense in 

the eighteen century, although observations of fundamental 

concepts such as aerodynamic drag were recorded much 

earlier. Most of the early efforts in aerodynamic were 

directed towards achieving behavior-than-air flight, which 

was first demonstrated by Wilbur & Orville Wright in 

1903. Since then, the use of aerodynamics through 

mathematical analysis, empirical approximations, wind 

tunnel experimentation, and computer simulation has 

formed a rational basis for the development of heavier-

than-air flight & a number of other technologies. Recent 

work in aerodynamics has focused on issues related to 

compressible flow, turbulence, & boundary layers and has 

become increasingly computational in nature. 

 
Fig1.A vortex is created by the passage of an 

aircraft wing, revealed by smoke. Vortices are one of 
the many phenomena associated with the study of 

aerodynamics 

II.MODELING OF EXTERNAL BODY OF SUV 

The external body models of SUV’s Brezza & Eco sport 

are modelled. The model are modified by adding lip kits 

to the front bumper the analyses are carried out using a 

commercial CFD solver, ANSYS Fluent. The solver is 

based on finite volume method with second order 

discretization. The convergence criteria for continuity, 

momentum and other parameters were set to 10-3, while 

the convergence of energy equation was set to 10-6. In 

most  

Cases, the momentum and other residuals were less 

than 10-5 and the highest residual was 7*10-4. 

 

 

                     Fig2.  Layout of Steam Power Plant 

III.CFD ANALYSIS ON SUV MODELS 

CFD analysis is performed on all the models of SUV 

and compared for the better model by observing results of 

pressure, velocity, lift and drag. 

Turbulence models are known to replace the time-

dependent Navier–Stokes equations by averaging them and 

simplifying the equations to reduce the complexities in 

calculation of the required quantities. Though these 

turbulence models are simplified and averaged, these 

models are able to predict the effects of turbulence 

accurately in many applications that are developed and 

implemented within commercial CFD software. The ‘two-

equation’ models are most common and widely used 

models. These two equations represent two transport 

equations to solve for turbulent properties of the flow. 

Generally, one of the turbulent properties is the mean 

turbulent kinetic energy ‘k’ and the second property 

depends on the type of turbulence model. It is either 

dissipation rate ‘e’, for k-e turbulence model or the specific 

dissipation, ‘x’, which is a measure of the inverse time 

scale of the eddies, for k-x turbulence model. 

3.1 .Boundary Conditions: 

Analysis is performed by varying the speed of air 

speed of air -80km/hr, 120kmlhr & 160km/hr 

3.2 .Brezza original model 

   →→Ansys → workbench→ select analysis system →         

fluid flow fluent → double click  

→→Select geometry → right click → import geometry 

→ select browse →open part → ok→ 

Select Tools – Select Enclosure and enter dimensions 
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Fig3.Imported geometry of Brezza original model with 

enclosure from Creo 6.0 

3.3. Right click on Setup in main window and Edit 

The solver setup includes 

Following steps:- 

1. Type of analysis: For aerodynamic analysis 3D model 

analysis which pressure based steady state analysis with 

relative velocity formulation is carried out.  

2. Models: here the type of numerical model used for the 

analysis is defined. For aerodynamic analysis Viscous 

based numerical model. The type of viscous based model 

used is realizable k-epsilon and scalable wall function 

model 

3. Materials: here the material for the model is defined. In 

this work the analysis is carried out on Air which is the 

surrounding fluid. Here properties of the material can be 

retrieved from ANSYS Library.4. Boundary conditions: 

this is the core part of ANSYS Solver here the initial 

boundary conditions are defined. The initial boundary 

values for our analysis are:- 

a. Inlet fluid velocity: - 80km/hr, 120km/hr, 160km/hr. 

        b. Wall: - Stationary 

5. Solution methods:- 

        a. Pressure-Velocity Coupling 

        b. Scheme: Simple 

        c. Gradient: - Least Square Cell Based 

        d. Pressure: - second order 

        e. Momentum: - second order upwind 

After carrying out all these initial set-ups run the 

calculation with required number of iterations. More 

the number of iterations the obtained result will be 

more close to the actual values. 

 

Fig4. K-epsilon is considered as viscous model 

 

 

Fig5. Air flow path stream line on Brezza original  

model at 80km/hr 

 

         

 

 Drag force 

 Forces (n)   Coefficients                                                                                                                                                                                                                                                 

Zone                      Pressure                       Viscous                                       

Total                                    Pressure                                      Viscous                                       

Total                                         

Wall-12    (0 0 0)                 (0 0 0)                      (0 0 0)                                           

(0 0 0)                                      (0 0 0)                           (0 0 0)                                       

Wall-13 (-0.0024922251 0.0011541762 0.0055057006)      

        (-0.00031071517 1.2817594e-05 3.5113998e-07)   

          (-0.0028029403 0.0011669938 0.0055060517)      

           (-0.004068939 0.0018843694 0.0089888989)      

 (-0.00050729007 2.0926685e-05 5.7328976e-07)   

(-0.0045762291 0.001905296 0.0089894722)      

Wall-fluid (-7.3822244e-15 -128.47145 1.3418452)         

 (-16.02031 0.034087086 0.0032452923)  

(-16.02031 -128.43737 1.3450905) 

(-1.2052611e-14 -209.74931 2.1907676)   

(-26.155608 0.055652385 0.0052984364) 

(-26.155608 -209.69366 2.1960661) 

Lift force    

Forces (n) Coefficients                                                                                                                                                                                                                                                        

Zone                     Pressure                                    Viscous                                       

Total                      Pressure                                      Viscous                                       

Total                                         

Wall-12            (0 0 0)                               (0 0 0)                                       

(0 0 0)               (0 0 0)                                   (0 0 0)                                                                            

Wall-13 (-0.0024922251 0.0011541762 0.0055057006)      
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(-0.00031071517 1.2817594e-05 3.5113998e-07)   

(-0.0028029403 0.0011669938 0.0055060517)      

(-0.004068939 0.0018843694 0.0089888989)       

(-0.00050729007 2.0926685e-05 5.7328976e-07) 

(-0.0045762291 0.001905296 0.0089894722)      

Wall-fluid (-7.3822244e-15 -128.47145 1.3418452)          

(-16.02031 0.034087086 0.0032452923)   (-16.02031 

-128.43737 1.3450905)              (-1.2052611e-14 -

209.74931 2.1907676)   

(-26.155608 0.055652385 0.0052984364) (-

26.155608 -209.69366 2.1960661) 

 

 Fig6. Air flow path streamline on Brezza original  

model at120Km/hr 

Wall-fluid (-1.6521427e-14 -287.73915 2.2050127)          

(-32.634523 0.071008865 0.0055725886) (-

32.634523 -287.66814 2.2105852)             (-

2.6973759e-14 -469.7782 3.6000207)   

(-53.280854 0.11593284 0.0090981039) (-

53.280854 -469.66227 3.6091188)           

 Net (-497.49599 -123.84141 5.7629931)              

(-43.383338 1.3106357 -0.021196116)   

 (-540.87933 -122.53077 5.741797)               

(-812.23835 -202.19006 9.4089683)    

 (-70.82994 2.1398134 -0.034605904)             

(-883.06829 -200.05024 9.3743624)             

 

Forces - Direction Vector (1 0 0) 

                          Forces (n)                                      Coefficients                                    

Zone                      Pressure        Viscous         Total           

Pressure        Viscous         Total           

Wall-12                   0               0               0               0               

0               0               

Wall-13       (-0.00569847)     (-0.00067397237)  

 (-0.0063724424)   

 (-0.0093036245)   (-0.0011003631)   (-0.010403988)    

Wall-fluid   (-1.6521427e-14)   (-32.634523)      

 (-32.634523)       

 (-2.6973759e-14)    (-53.280854)     (-53.280854)      

Net (-497.49599 -43.383338) (-540.8793-812.23835)  

(-70.82994-883.06829)     

Lift force 

           

Force 

(n)                                                                                                                              

Coefficients                                                                                                                              

Zone                      Pressure                                      Viscous                                       

Total                                         Pressure                                      Viscous                                       

Total                                         

Wall-12                   (0 0 0)                                       (0 0 0)                                       

(0 0 0)                      (0 0 0)                                       (0 0 0)                                                                   

Wall-13   (-0.00569847 0.0025426239 0.012422399)  

(-0.00067397237 2.8976924e-05 -1.2574405e-06)  

(-0.0063724424 0.0025716008 0.012421142)       

(-0.0093036245 0.0041512227 0.020281468)       

(-0.0011003631 4.7309263e-05 -2.0529641e-06)   

(-0.010403988 0.004198532 0.020279415)        

          

Wall-fluid (-1.6521427e-14 -287.73915 2.2050127)      

     (-32.634523 0.071008865 0.0055725886)  

    (-32.634523 -287.66814 2.2105852)              

    (-2.6973759e-14 -469.7782 3.6000207)   

    (-53.280854 0.11593284 0.0090981039)  

    (-53.280854 -469.66227 3.6091188)             

    Net (-497.49599 -123.84141 5.7629931)              

    (-43.383338 1.3106357 -0.021196116)    

    (-540.87933 -122.53077 5.741797)   

    (-812.23835 -202.19006 9.4089683)      

    Forces - Direction Vector (0 1 0) 

    Forces (n) Coefficients                                    

   Zone     Pressure        Viscous         Total Pressure        Viscous         

Total           

 Wall-12                   0               0               0               0                 

 Wall-13       (0.0025426239)    (2.8976924e-05)   

(0.0025716008) 
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 (0.0041512227)    (4.7309263e-05)   (0.004198532)     

Wall-fluid     (-287.73915) (0.071008865)     (287.66814) 

                (-469.7782)       (0.11593284)      (-469.66227)      

  

Net (-123.84141 1.3106357) (-122.53077-

202.19006)(2.1398134-200.05024)   

 

IV.CALCULATIONS 

4.1 Ecosport Modified Model 

    Velocity – 22.22m/s (80Km/hr) 

 

 

Fig7.  Air flow path streamline on Ecosport 

modified model at 80Km/hr 

Drag force 

                            

Forces (n)                                                                                                                                

Coefficients                                                                                                                              

Zone                      Pressure                                      Viscous                                       

Total                                         Pressure                                      

Viscous                                       Total                                         

         Wall-kit                  (0 0 0)                                   (0 0 0)                                       

(0 0 0)                     (0 0 0)                                  (0 0 0)                                       

(0 0 0)                                       

Wall-car              (0 0 0)                             (0 0 0)                                       

(0 0 0)                   (0 0 0)                                 (0 0 0)                                       

(0 0 0)                                       

Wall-enclosure (296.47998 -95.926269 -

2.0658168)              

(23.68417 0.096242478 0.024856249) (320.16415 -

95.830026 -2.0409606)             (484.04894 -

156.61432 -3.3727622)  (38.668032 0.15713058 

0.040581631)            (522.71698 -156.45719 -

3.3321806) 

            ------------------------------------------------------------

-----               

Net (296.47998 -95.926269 -2.0658168)              

(23.68417 0.096242478 0.024856249)   

(320.16415 -95.830026 -2.0409606)             

(484.04894 -156.61432 -3.3727622)    (38.668032 

0.15713058 0.040581631)           (522.71698 -

156.45719 -3.3321806)             

 

Forces - Direction Vector (1 0 0) 

                          Forces (n)                                      Coefficients                                    

Zone                      Pressure        Viscous         Total           

Pressure        Viscous         Total           

Wall-kit                  0               0               0               0               

0               0               

Wall-car                  0               0               0               0               

0               0               

Wall-enclosure (296.47998)       (23.68417)        

(320.16415) 

 (484.04894)       (38.668032)       (522.71698) 

       

Net    (296.47998)       (23.68417)        (320.16415)        

        (484.04894)       (38.668032)       (522.71698)       

Lift force 

                                    "Force Report" 

Forces 

Forces (n) Coefficients                                                                                                                                                                                                                                                             

Zone                      Pressure                                      Viscous                                       

Total                                         Pressure                                      

Viscous                                       Total                                         

Wall-kit                  (0 0 0)                                       (0 

0 0)                                       (0 0 0)                                       (0 

0 0)                                       (0 0 0)                                       (0 

0 0)                                       

Wall-car                  (0 0 0)                                       (0 

0 0)                                       (0 0 0)                                       (0 

0 0)                                       (0 0 0)                                       (0 

0 0)                                       

 

Wall-enclosure (296.47998 - 95.926269 -2.0658168) 
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(23.68417 0.096242478 0.024856249)  (320.16415 

-95.830026 -2.0409606)             (484.04894 -

156.61432 -3.3727622)    (38.668032 0.15713058 

0.040581631)            (522.71698 -156.45719 -

3.3321806) 

----------------------------------------------------------------------- -

----------------------------------------------------------------------              

Net    (296.47998 -95.926269 -2.0658168)  

(23.68417 0.096242478 0.024856249)    

(320.16415 -95.830026 -2.0409606)   

(484.04894 -156.61432 -3.3727622)     

(38.668032 0.15713058 0.040581631)  

(522.71698 -156.45719 -3.3321806)             

Forces - Direction Vector (0 1 0) 

 Forces (n) Coefficients                                    

Zone                      Pressure        Viscous         Total           

Pressure        Viscous         Total           

Wall-kit                  0               0               0               0               

0               0               

Wall-car                  0               0               0               0               

0               0               

 Wall-enclosure (-95.926269)     (0.096242478)      

        (-95.830026) 

        (-156.61432)      (0.15713058)     (-156.45719)      

    Net     (-95.926269)      (0.096242478)   (-95.830026)       

            (-156.61432)      (0.15713058)      (-156.45719)   

  

I. RESULTS AND DISCUSSIONS 

A. From CFD analysis, the pressure, 

velocity, drag and lift forces are observed for all 

the models of SUV. 

B. The results are tabulated as follows: 

 TABLE 1.1: CFD RESULTS OF BREZZA ORIGINAL 

MODEL AT DIFFERENT SPEEDS 

Speed 

(Km/hr) 

Pressur

e (Pa) 

Velocity 

(m/s) 

Drag 

(N) 

Lift 

(N) 

80 229.2 36.79 395 
89.8

2 

120 514.4 40.34 883 
200.

05 

160 912.5 53.84 
1557.6

8 

364.

28 

TABLE 1.2: CFD RESULTS OF BREZZA MODIFIED 

MODEL AT DIFFERENT SPEEDS 

Speed 

(Km/hr

) 

Pressur

e (Pa) 

Velocit

y (m/s) 
Drag (N) 

Lift 

(N) 

80 223.5 26.96 395.19 
91.6

11 

120 502.7 40.48 879.54 
208.

189 

160 892.9 53.99 1557.12 
372.

22 

 

By comparing results of original and modified Brezza 

models, the pressure & velocity are decreasing and lift is 

increasing for the modified model (attaching lip kit for 

the front bumper) when compared with original model. 

The change in drag is very less for the modified model. 

The change in velocity is also very less for higher speeds 

120km/hr and 160km/hr. 

For the modified model, the pressure is reducing by about 

2.5%, the velocity is reducing by about 26.7%, and the 

lift is increasing by about 2%. 

 

CFD RESULTS OF ECOSPORT ORIGINAL MODEL AT 

DIFFERENT SPEEDS 

Spee

d 

(Km/

hr) 

Pressure 

(Pa) 

Velocit

y (m/s) 
Drag (N) 

Lift 

(N) 

80 241.1 28.42 492.4 
77.2

9 

120 539.1 42.65 1097.43 
84.9

9 

160 956 56.01 2226.90 
176.

16 

   CFD RESULTS OF ECOSPORT MODIFIED MODEL AT 

DIFFERENT SPEEDS 

Speed 

(Km/

hr) 

Pressur

e (Pa) 

Velocity 

(m/s) 

Drag 

(N) 

Lift 

(N) 

80 249.9 29.37 522.71 
156.

45 

120 556.2 44.07 
1163.0

8 

344.

27 

160 993.5 58.76 
2059.8

5 

601.

94 

By comparing results of original and modified Ecosport 

models, the pressure, velocity, drag and lift are increasing 

for the modified model (attaching lip kit for the front 

bumper) when compared with original model.  

For the modified model, the pressure is increasing by 

about 3.5%, the velocity is increasing by about 3%, the 

lift is increasing by about 50.6% and the drag is 

increasing by about 5.8%. 
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Graph 1.1: Comparison of pressure values at different speeds 

for all SUV models 

 

Graph 1.2: Comparison of velocity values at different speeds 

for all SUV models 

V.CONCLUSION 

CFD analysis is done by applying different inlet speeds 

80Km/hr, 120Km/hr and 160Km/hr. the original models of 

Brezza and Ecosport are modified by attaching a lip kit for 

front bumper. 

The modification of the models by attaching lip kit showed 

significant difference on Ecosport model than Brezza 

model. The lift has been increased and drag force has been 

reduced by the attachment for Ecosport model. But the 

pressure and velocity are increasing for modified Ecosport 

model in reverse with the Brezza model where pressure and 

velocity are decreased for modified model. 
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Abstract—the present work is intended to develop a code 

to automate the HVAC System. To achieve that, advanced 

industrial controller (PLC) software called WPL soft is 

used, which is the most widely used tool in industries. This 

software requires a dedicated programming language 

called Ladder diagram. By using WPL soft, a program in 

Ladder diagram is developed to automate the HVAC 

system, also this program will take care the different 

requirements of industries such as controlling 

temperature, selection of proper compressor based on the 

requirement. 
Keywords—HVAC, Ladder diagram, PLC. 

I.INTRODUCTION TO HVAC 

Heating, Ventilating and Air Conditioning, HVAC, is a huge 

field. HVAC systems include a range from the simplest hand-

stoked stove, used for comfort heating, to the extremely reliable 

total air-conditioning systems found in submarines and space 

shuttles. Cooling equipment varies from the small domestic 

unit to refrigeration machines that are 10,000 times the size, 

which is used in industrial processes 

 

Depending on the complexity of the requirements, the HVAC 

designer must consider many more issues than simply keeping 

temperatures comfortable. This chapter will introduce you to 

the fundamental concepts that are used by designers to make 

decisions about system design, operation, and maintenance. 

II.HVAC OBJECTIVE & ITS COMPONENTS 

A. Objective of HVAC 

Before starting to design a system, it is critical that you know 

what your system is to achieve. Often, the objective is to 

provide a comfortable environment for the human occupants, 

but there are many other possible objectives: creating a suitable 

environment for farm animals; regulating a hospital operating 

room; maintaining cold temperatures for frozen food storage; 

or maintaining temperature and humidity to preserve wood and 

fibre works of art.  

 

Whatever the situation, it is important that the objective 

criteria for system success are clearly identified at the start of 

the project, because different requirements need different 

design considerations. 

 

B.Components of HVAC 

The components of HVAC system are shown in below 

figure:  

 

 

 

 

 

 

 

1. Air Conditioner Equipment 

Evaporator Coil: In a system with a furnace, the 

evaporator coils sit on top of the furnace and is the critical 

component that cools the air inside a home. The furnace 

blower passes air across the evaporator coil. During this 

process, the air cools as it comes in contact With the cold coil 

and heat transfers from the air to the refrigerant. 

Condenser Coil: This part of the air conditioning system 

cools (removes heat) from refrigerant and is located in the 

outdoor condenser unit. 

   

Compressor: A machine used to supply air or   other gas at 

increased pressure, located in the outdoor condenser unit. 

Fan: A mechanical device that creates a current of air. 

Fig: II.I Components of HVAC 

 

Refrigerant Filled Tubing: Circulates refrigerant between 

outdoor condenser unit and indoor evaporator coil 

Gas Forced Air Furnace Equipment 

Return Air Duct: A duct carrying air from a conditioned 

space to the mixing air duct or plenum unit.

Filter: A porous device for removing impurities or solid 

particles from the air that passes through it. 

Blower: a mechanical device that creates a current of air. See 

the fan also.

Air Handling Unit (AHU): a device used   to condition and 

circulate air as part of a heating, ventilating, and air-

conditioning (HVAC) system. An air handler is usually a 

large metal box containing a blower, heating or cooling 

elements, filter racks or chambers, sound attenuators, and 

dampers. Air handlers usually connect to a ductwork 

ventilation system that distributes the conditioned air 

through the building and return it to the AHU.  

Air Supply Duct: A duct that carries conditioned air from air 

supply units to room diffusers or grilles. 
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III.PROGRAMMABLE LOGIC CONTROLLER 

PLC manufacturer. Once the program has been written A 

Programmable Logic Controller (PLC) is a small, self–

contained, rugged computer designed to control processes 

and events in an industrial environment – that is, to take over 

the job previously done with relay logic controllers. Wires 

from switches, sensors and other input devices are attached 

directly to PLC. Each PLC contains a microprocessor that 

has been programmed to drive the output (O/P). Terminals 

in a specified manner, based on the signals from the input 

terminals. The PLC program is usually developed on a 

separate programmer (PG) computer such as a Personal 

Computer (PC), using special software provided by the, it is 

transferred or downloaded into the PLC. 

III.I PLC Hardware:   

The PLC is basically a programmed interface between the 

field input devices like limit switches, sensors, transducers, 

push buttons etc. And the final control elements like 

actuators, solenoid valves, dampers, drives, LED’s, etc. 

Programmable controller consists of the following modules: 

1. Input modules 

2. Output modules 

3. CPU with processor and program memory 

4. Power supply 

5. Bus system 

Fig: III.I.a Block diagram of PLC hardware 

 

III.II Operation of PLC: 

C. Bringing Input Signal Status to the 

Internal Memory of CPU: 

The field signals are connected to input module. At the 

output of input module, the field status is converted into a 

voltage level that is required by the CPU. At the beginning 

of each cycle the CPU brings in all the field-input signals 

from input module and stores into its internal memory as 

process image of input signal. This internal memory of CPU 

is called as PII (Process Image Input). The programmable 

controller operates cyclically i.e. when the program has been 

scanned, it starts again at the beginning of the program. 

IV.PROCESSING OF SIGNALS USING PROGRAM & 

UPDATING PIQ: 

Once the field-input status is brought into the internal 

memory of CPU i.e. in PII, the execution of user program, 

statement-by-statement begins. Based on the user program 

the CPU performs logical and arithmetic operation on the date 

from PII. It also processes times and counts as well as flag 

states based on the instructions. The results of the user 

program scan i.e. decision are then stored in the internal 

memory of CPU. This internal memory is called Process 

Image Output or PIQ. 

        D.Sending Process Output Image to Output Module: 

At the end of the program run i.e. at the end of scanning 

cycle, the CPU transfers the signal states in the process 

image output to the output module and further to field 

control. 

             

 

Fig: III.II.a PLC Kit 

Programmable logic controller: Delta dvp12sa2 

 

MPU points : 12 (8DI + 4DO) 

           Max. I/O points :  492 (12 + 480) 

           Program capacity : 16k steps 

High-Speed Pulse Output:  

Supports 2 points (Y0, Y2) of 100 kHz and 2 points (Y1, Y3) 

of 10kHz independent high-speed pulse output. 

Extendable to Maximum 8 Modules: DVP-SA2 is 

extendable to analogue I/O, temperature measurement, input 

DIP switch, PROFIBUS/ Device Net communication modules 

and single-axis motion control functions 

V.Delta PLC 

Programmable logic controller (PLC) is a control system using 

electronic operations. It’s easy storing procedures, handy 

extending principles, functions of sequential/position control, 

timed counting and input/output control are widely applied to 

the field of industrial automation control. Delta's DVP series 

programmable logic controllers offer high-speed, stable and 

highly reliable applications in all kinds of industrial 

automation machines. In addition to fast logic operation, 

bountiful instructions and multiple function cards, the cost-

effective DVP- PLC also supports various communication 

protocols, connecting Delta's AC motor drive, servo, human 

machine interface and temperature controller through the 

industrial network in to a complete “Delta Solution” for all 

users. 

   Delta's DVP series programmable logic controllers offer 

high-speed, stable and highly reliable applications in all kinds 

of industrial automation machines. In addition to fast logic 

operation, bountiful instructions and multiple function cards, 

the cost-effective DVP-PLC also supports various 

communication protocols, connecting Delta's AC motor drive, 

servo, human machine interface and temperature controller 

through the industrial network in to a complete “Delta 

Solution” for all users 
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Figure no: IV.1a DVP-12SA2 

Components of Delta PLC: 

        Miniature Circuit Breakers (MCB) 

        Switch Mode Power Supply 

        Relay card 

        Terminal Block 

       Ground Terminal blocks 

       Fused connection terminals 

       Wire duct 

IV.II Programming languages: 

Based on the “International Electro Technical Commission 

(IEC)” standard, PLC programming languages are 

classified into five main standards. 

1. Ladder diagram (LD) 

2. Instruction List (IL) 

3. Structured Text (ST) 

4. Function Block Diagram (FBD) 

5. Sequential Function Charts (SFC) 

These languages are accepted internationally. Among all of 

them, mostly Ladder diagram (LD) programming language 

is used in the industry. 

 

 

               Figure no: IV.1b PLC programming 

language  

 

Ladder diagram (LD): 

Ladder diagram (LD) is also known as “Ladder Logic “. It 

is used with programmable logic controllers. 

Generally, Ladder diagram is most popular all over the 

world (including India). This language is easy to learn. If 

you look at the ladder diagram, it looks similar to the 

electrical circuit diagram 

 

 

Ladder Diagrams: 

The ladder diagram is the universal programming language 

of PLC. It has a short abbreviation as LD and also known as 

Ladder Logic. It is one of the oldest programming languages 

for PLC. In the ladder diagram, the programming language 

that used to create the program to control the PLC system is 

known as Ladder Diagram Language or Ladder Logic 

Language. It has signified by the graphical representation, 

just like electrical wiring for logic control. (At the end of this 

article, I will share LD examples that will get you a clear 

understanding.) 

Different Symbols used in Ladder Diagram: 

 This programming uses different graphic elements.   

These graphic elements are also called as Symbols. 

Basic Important Parts of Ladder Diagram in PLC 

Programming: 

 Rungs 

 Branches 

 Inputs and Outputs for PLC programming 

Rungs 

In Ladder diagram, the horizontal lines called Rungs. 

You can put as many numbers of rungs as per your 

project requirements. 

 

 
Figure no: IV.II.a The above diagram is shown with ‘N’ 

number of rungs. 
Branches 

There are three types of branches. They are as follows. 

Series Branch: In the series branch, inputs or outputs 

are connected in the series. 

 

 
Figure no: IV.II.b Series branch 

 

Parallel Branch 

 In the parallel branch, inputs or outputs are 
connected parallels. 
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Figure no: IV.II.c Parallel branch 

     Nest Branch 

The combination of series and parallel branches in the 

same or different rungs are called as Nest Branch. 

 

 

Figure no: IV.II.d Nest branch 

Inputs and Outputs for PLC Programming 

For writing the program, Inputs and outputs are playing 

the most important role. 

       Inputs refer to the switch or Push Button (PB). 

Output referred to the Coil or Lamp or Load. 

Input is Normally Open (NO) Contact or Normally 

Closed (NC) Contact. 

 

 

Figure no: IV.II.e Inputs and Outputs 

 

      WPL Software: 

Here the software used is DELTA WPL Soft by DVP 

programmable logic controllers. This is the official 

software used to create and simulate the ladder diagrams 

which are dumped in Delta PLC’s. For this, the WPL Soft 

is to be installed in the laptop. And the software is 

opened. By clicking on the file button, we can create a 

new file and then the ladder diagram is generated 

according to our requirement. 

Rules of ladder diagram programming: 

There are 6 Rules for PLC Ladder Diagram 

Programming. 

1. Inputs can be used in Series as well as Parallel 

to form a connection 

2. Outputs (or coil) can be used only in Parallel 

3. One Input can be used in multiple times in one 

program 

4. One Output cannot be used multiple times in 

one program, except in Set/Reset and Latch/ 

Unlatch functions 

5. Input Address cannot be used as an Output 

Address 

6. Outputs Address can be used as Inputs 

Address 

VI.EXPERIMENTAL PROCEDURE: 

 Here the case studies are regulating temperature of room 

by two compressors, limiting the level co2 by using smoke 

sensor. The compressors and smoke sensor is controlled by 

plc. The ladder diagram created by using WPL software. After 

creating ladder diagram its simulated in software itself to know 

whether the created code is write or wrong. 

Case 1: 

The average level co2 should be maintained in a room that 

must be less than 1000 ppm. To decrease the level of co2 in a 

room a smoke sensor is used. If the co2 level increase more 

than permissible level indication is made by the smoke sensor 

and the compressor gets started. 

Case 2: 

In this case study, the temperature of the room must be 

maintained below 33o C. if the temperature of the room 

increases more than 33o c the compressor gets started. The 

compressor runs on three different speeds based on the 

temperature in a room. 

Temperature between 33 to 35o c compressor 1 runs with 

normal speed. 

Temperature between 36 to 38o c compressor 1 runs with 

medium speed. 

Temperature between 39 to 41o c compressor 1 runs with high 

speed. 

Case 3: 

Within 10 minutes if compressor 1 could not able to maintain 

below 33o c the HVAC immediately gets shifted to a backup 

compressor is also running on three different speeds. 

Temperature between 33 to 35o c compressor 1 runs with 

normal speed. 

Temperature between 36 to 38o c compressor 1 runs with 

medium speed. 

Temperature between 39 to 41o c compressor 1 runs with high 

speed. 

VII.RESULT AND DISCUSSION: 

Ladder diagram for automated HVAC system 

The ladder diagram of automated HVAC system is 

programmed by using WPL software is shown in below. 
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1. The current enter into the circuit through the    main 

switch (xo) as a manual switch is on the Condition and 

auto switch, Estop, standby is off Condition. 

2. The temperature sensor of HVAC system monitors       

  temperature of room every minute 

3. A timer is also works along with compressor. 

4. The compressor runs on three different speeds     

  Based on the temperature in a room. 

Temperature between 36 to 38o c compressor runs with 

medium speed. 

Temperature between 39 to 41o c compressor 1 runs with 

high speed. 

If temperature of room isn’t maintained below given limit 

after 10 minutes work of compressor 1 then it shifts to 

standby compressor. 

The smoke sensor detects co2 level if level increase more 

than1000 ppm then it send signal plc. And plc. activate 

compressor. 

II. CONCLUSION: 

In this paper, PLC programs are successfully developed 

for different industrial applications. In case study one 

PLC program is developed for limiting the co2 levels in 

the room, in case study 2 PLC program is developed for 

regulation temperature by compressor 1 and case study 3 

PLC program is developed for regulation temperature by 

standby compressor an automated HVAC system will 

continuously monitors the room temperature. The PLC is 

programmed by using ladder diagram with the help of 

WPL software then the ladder diagram is dumped into 

PLC to obtain results. The Ladder diagram is extensively 

used and easy to understand. The compressors of HVAC 

system are controlled by PLC, when the temperature 

raises than the permissible limit, then the compressor 

start working, by removing heat they reduce the 

temperature and get stopped. . A smoke sensor is also 

used to limit the co2 level in the room. Thus an automated 

HVAC not only monitoring room temperature but saves 

the power. 

References 

1. International Journal of Research in Engineering, Science and 
Management Volume-2, Issue-1, January-2019 www.ijresm.com 
| ISSN (Online): 2581-5792 

2. ODuran, and A. Batocchio, “Object oriented development 
methodology for PLC software”, Advances in Information and 
Communication Technology, 1995, 265-272. 

3. R. Augustin, “Programmable Logic Controllers versus Personal 
Computers for process control”, Computers in Industrial 
Engineering, Elsevier Science Ltd., 33, 1997, 421- 42. 

4. Georg Frey, “Formal methods in PLC control demonstrated at a 
flexible manufacturing line”, Marik et.al(eds.), Knowledge and 
Technology Integration in Production and Services © Springer 
Science Business Media, New York, 2002,501-508. 

5. S N Sivanandam, S Sumathi, and S N Deepa, “Design and 
implementtion of PLC cum micro-controller based electrically 
synchronized lift”, Indian Journal of Engineering and Materials 
Sciences, 12, Aug. 2005, 269 – 277. 

6. 6.   Suresh Kumar, Jitendra Prasad Rajwar, Abhay Kumar Thakur, 
“Building Management System using PLC and SCADA”, Int. J. 
Scientific and Engineering Research, 4(5), May. 2013, 217-219. 

7. 7.    Adrian Ioannou, (1984) HVAC system. In: Ioannou A. (eds) 
HVAC Specifications. Springer, Boston, MA.Douglas M. 
Considine, Glenn D. Considine, Part of the Chapman and Hall 
Advanced HVAC Technology Series book series (AITS). 

8. 8.    Mortimer J., Rooks B. (1987) HVAC system Specifications. 
In: The International HVAC system Report. Springer, Berlin, 
Heidelberg.Cheng Ding, Jianhua Wu, Part of the Lecture Notes in 
Computer Science book series (LNCS, volume 10985). 

9. 9.Hartley J. (1984) HVAC. In: Flexible Automation in Japan. 
Springer, Berlin, Heidelberg. 

10. 10.International Journal for Research in Applied Science & 
Engineering Technology (IJRASET). HVAC Modern Trailer 
Bharth G, Sunil Kumar K, Srinivasa Chari V. 

11. 11.International Journal for Research in Applied Science & 
Engineering Technology (IJRASET). HVAC Modern Trailer 
Lakshiminarayana T. 

12. 12.https://blog.bisresearch.com/heating-ventilation-air-
conditioner-market-future-multi- billion-dollar-industry 

http://www.ijresm.com/
http://www.ijresm.com/
https://blog.bisresearch.com/heating-ventilation-air-conditioner-market-future-multi-billion-dollar-industry
https://blog.bisresearch.com/heating-ventilation-air-conditioner-market-future-multi-billion-dollar-industry
https://blog.bisresearch.com/heating-ventilation-air-conditioner-market-future-multi-billion-dollar-industry


 

Proceedings of NEC-ICETMEIA- 2K21                                                                                                     ISBN: 978-93-91420-02-4 

 

65 

 

Performance and Emission Characteristics of Diesel 

Engine with Linseed Oil –Diesel blends as Fuel 

with VCR 
1K.Kiran chand, 2P.Srinivasa Rao, 3Thirupathi Reddy.K and 4Jyothu Naik 

1,2 Department of Mechanical Engineering, Narasaraopeta Engineering College (A),Narasaraopet, India 
3Department of Mechanical Engineering, RGM College of Enginering and Technology, Nandhyal, India. 
4Department of Mechanical Engineering, Rayalaseema University College of Engineering, Kurnool, India

 

Abstract— this paper investigates the performance and 

emission characteristics of a diesel engine with Linseed oil and 

its diesel blends. The Linseed oil-diesel blends C5 (5% Linseed 

l oil and 95% diesel), C10 (10% Linseed oil and 90% diesel), 

L15 (15% Linseed oil and 85% diesel), and L20 (20% Linseed 

oil and 80% diesel) was prepared to test in diesel engines. The 

present experimental results were obtained on the performance 

and the emissions of CO, HC and NOx in diesel engine. The 

results showed that the brake thermal efficiency was decreased 

as the blend increased, and the brake specific fuel consumption 

was slightly higher than the diesel fuel. The CO and HC 

emissions are higher than diesel. However, NOx emissions of the 

blends were found to be decreased significantly compared to 

diesel as blend ratio increased. Smoke emission was found to be 

increased slightly when compared to diesel. 

 
Keywords— Diesel engine, Linseed oil, Diesel blend. 

Introduction 

The energy demand increases day by day in India due to 

increase in population as well as increase in modernization 

of the world. Today India is much dependent on 

petrochemical reserve (i.e. coal, gasoline, crude oil etc.) to 

satisfy our energy demand. In our country we have a very 

limited crude oil reserve. So to satisfy our demand we are 

fully dependent on crude oil import from foreign countries. 

Among various gasoline fuels, diesel fuel is most widely 

used as it proves higher energy density (i.e. more energy can 

be extracted from diesel as compared with the same volume 

of gasoline fuel) than other gasoline. Therefore diesel 

engines have versatile uses in heavy-duty transportation, 

power generation and also in agricultural sectors. That’s why 

the consumption of diesel is much higher than other gasoline. 

As the underground crude oil reserve is non-renewable, so its 

reserve is decreasing rapidly due to gradual increase in its 

consumption. This phenomenon drives us to search for an 

alternative and renewable substitute of diesel fuel. 

The use of vegetable oils as an alternative fuel for diesel 

engines dates back to around a century. Due to rapid decline 

of crude oil reserve and increase in price, the use of vegetable 

oils is again prompted in many countries. Depending upon 

soil condition and climate, different nations are looking for 

different vegetable oils- for example, soybean oil in U.S.A., 

rapeseed and sunflower oil in Europe, palm oil in Malaysia 

and  

 

Problems associated with using straight vegetable oil (SVO) 

in diesel engine can be classified in two groups, namely:  

 

operational and durability problems. Operational problems 

are related to starting ability, ignition, combustion and 

performance. Durability problems are related to deposit 

formation, carbonization of injection tip, ring sticking and 

lubrication oil dilution 2, 3. Various researchers have shown 

that the use of vegetable oil and their derivatives is 

competitive compared to mineral diesel 4, 5. Many researchers 

have tried to use biodiesel derived from mahua oil as fuel for 

diesel engine. In most of the countries including India, 

biodiesel is expensive than the diesel and also biodiesel is not 

available commercially in the market. Most of the work 

reported in the literature involves only the laboratory studies 
6-8. Pramanik et al.  Have studied the performance and 

emissions of a diesel engine with Jatropha methyl ester at 

various blends. It has been reported that 50% of Jatropha oil 

blends can be substituted for diesel fuel in a C.I. engine. It 

has been reported that the Jatropha oil exhibited higher 

specific fuel consumption and lower exhaust gas 

temperatures compared with diesel fuel. Etherification is one 

of the methods to convert the vegetable oil into its methyl 

ester, known as biodiesel. Several researchers have used 

biodiesel as an alternate fuel in the existing CI engines 

without any modifications the objectives of this experimental 

study are to assess the performance and emission 

characteristics of a diesel engine with Castrol oil diesel 

blends and compared with diesel fuel. 

 
Experimental setup and procedure: 

The engine test was conducted on a four stroke, single 

cylinder, water-cooled direct injection, Kirloskar Engine 

diesel engine. The specifications of the test engine are given 

in Table 2. The schematic of the experimental set up is shown 

in Fig. 1 A three whole injector nozzle was located at the 

center of the combustion chamber with high pressure fuel 

pump and has an operating pressure of 180 bar. The engine 

was coupled to an electrical dynamometer and loaded by 

electrical resistance to apply different engine brake loads. 

AVL DI 444 exhaust gas analyzer was used for this 

experiment is to measure the exhaust emissions like CO, HC, 

NO. The measuring method is based on the principle of light 

absorption in the infrared region, known as "non-dispersive 

infrared absorption”. The broadband infrared radiation 

produced by the light source passes through a chamber filled 

with gas, generally methane or carbon dioxide. Smoke 

opacity was measured by AVL 437C model. The 
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measurement is based on the principle of light absorption by 

particle. Photo electronic smoke detection is based on the 

principle of optical detection. It is also known as the 

"scattered" light principle. 

 

 

 
 

          Fig. 2: Schematic view of experimental setup 

 

Table 4: Specification details of Kirloskar TV1 

engine 

 

To estimate the performance parameters, operating 

parameters such as engine speed, power output, and fuel 

consumption were measured. Significant engine 

performance parameters such as Brake specific fuel 

consumption (BSFC) and Brake thermal efficiency (BTE) 

for the test fuels were calculated. Emission parameters such 

as CO, HC, NO and smoke opacity were observed for various 

fuel blends. Initially, experimental tests were conducted with 

neat diesel, in the next phase, the engine was operated diesel-

mustard oil blend ratio of 95:05 (L5), 90:10 (L10), 85:15 

(L15) and 80:20 (L20). 

  RESULTS AND DISCUSSION 

Brake thermal efficiency 

The variations of BTE at different loads and various fuel 

blends are shown in Fig. 3. The BTE for diesel is higher than 

that of all other Linseed oil diesel -blends at all loads. It is 

observed that the BTE is decreases with increase in Linseed 

oil diesel blends at full load. The BTE for L5 blend is higher 

than other blends L10, L15 and L20 blends. The reason for 

this higher viscosity, lower calorific value of the blends and 

low cetane number of fuel blends. The BTE of L5, L10, L15 

and L20 are 26.6%, 25.5%, 24.2% and 23.2% respectively, 

whereas for diesel is 28.1% at full load. At 75% of the load 

all the fuel blends have higher brake thermal efficiency than 

full load conditions. 

 

          Fig. 3: Brake thermal efficiency Vs brake power 

Brake specific fuel consumption: 

The variation in BSFC for the test fuels with respect to brake 

power is shown in Fig. 4 for diesel and various Linseed oil-

diesel blends. The BSFC of all fest fuels are decreases with 

increase in loads. At 75% of the load Linseed oil diesel 

blends have lower specific fuel consumptions. The BSFC of 

all Linseed oil-diesel blends are higher than diesel fuel at full 

load. This may be due to poor atomization and vaporization 

of high viscosity, low cetane number and lower calorific 

value of the blends. The BSFC of L5, L10, L15 and L20 are 

0.32 kg/kWh, 0.346 kg/kWh, 0.362 kg/kWh and 0.387 

kg/kWh respectively, whereas for diesel is 0.306 kg/kWh. 

 

 
       Fig. 4: Brake specific fuel consumption Vs Brake 

power 

 

 

Exhaust gas temperature 

Fig. 10 shows the variation between exhaust gas temperature 

and brake power for different fuels. It is seen that the exhaust 

gas temperature increases with increase in load for all test 

fuels. At higher % load condition, L20 shows higher exhaust 

gas temperature than other fuel blends. The exhaust gas 

temperature of L5, L10, L15 and L20 are 345oC, 358oC, 

368oC and 382oC, respectively, whereas for diesel is 338oC 

at full load. 

Type 

Vertical, single 

cylinder  

4 stroke 

  

     Number of cylinders 01 

Rated power (kW) 3.7 

Bore(mm)/Stroke (mm) 80/110 

Compression ratio 16.5:1 

Speed (rpm) 1500 

Type of cooling Water cooling 

Injection pressure 180bar 

Injection timing 23o bTDC 
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Fig. 5: Exhaust gas temperature Vs brake power 

 

This may be due to slow burning of high viscous Linseed oil 

blends, resulting in higher exhaust gas temperature. 

Carbon monoxide emission (CO) 

The variation of CO emission with brake power for diesel 

and different blends of Linseed oil is shown in Fig. 6. It is 

observed that the CO emissions increase with increase in load 

for all the test fuels. The CO emissions for L5, L10, L15 and 

L20 are 0.17% Vol, 0.24% Vol, 0.32% Vol and 0.39% Vol, 

respectively, whereas for diesel is 0.11% Vol at full load. 

Linseed oil-diesel blends have higher CO emissions due to 

poor atomization and vaporization due to its high viscosity 

and have less time to undergo complete combustion. 

 

 
 

Fig. 6: Carbon monoxide emission Vs brake power 

Hydrocarbon emission (HC) 

 

The Fig. 7 shows the variation of hydrocarbon emission with 

respect to brake power for diesel and different blends of 

Castrol oil. It can be seen that the HC emission for all the 

Linseed oil- diesel blends are higher than that of diesel for 

medium and higher loads. This may be due to incomplete 

combustion of vegetable oil blends due its high viscosity and 

poor atomization of the blends. The HC emission for L5, 

L10, L15 and L20 are 0.17% Vol, 0.24% Vol, 0.32% Vol and 

0.360% Vol, respectively, whereas for diesel is 0.11% Vol at 

full load. 

Nitrogen oxides emissions (NO) 

The variations of nitrogen oxide emissions with brake power 

for diesel and different Linseed oil blends is shown in Fig. 8. 

The NOx emission is a function of lean fuel with higher 

temperature, high peak combustion temperature and spray 

characteristics. A fuel with high HRR at rapid combustion 

and lower HRR at mixing controlled combustion will causes 

of NOx emission. NOx emission increases with increase in 

load for all test fuels. The NO emission for L5, L10, L15 and 

L20 blend is 9.6%, 21%, 29% and 37, respectively lower than 

neat diesel at full load. The decrease in NO emission due to 

slower burning of high viscosity of Linseed oil diesel blends, 

resulting in lower peak combustion temperature. 

 

 
Fig. 7: Hydrocarbon emission Vs brake power 

 

Fig. 8: Nitrogen oxide emission vs. brake power 

Smoke opacity 

The variation of smoke opacity with brake power for all the 

test fuels is shown in Fig. 9. The smoke is produced due to 

incomplete combustion of fuel. It can be seen that at higher 

load, the smoke intensity for blended fuels are higher compare 

to neat diesel. The smoke opacity of L5, L10, L15 and L20 

are 4 BSU, 4.3 BSU, 4.5 BSU and 4.9 BSU respectively, 

whereas for diesel is 3.6 BSU at full load. This may be due to 

poor atomization and of high viscosity and low volatility of 

Linseed oil blends, resulting in higher smoke emission at full 

load.  
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Fig. 9: Smoke opacity vs. brake power 

CONCLUSION 

In the present investigations the Linseed oil –diesel blends 
were prepared by blending methods by vol/vol. Fuel 
properties were determined for the Linseed oil diesel 
blends. Performance and emission characteristics were 
investigated on diesel engine by smoke analyzer and gas 
analyzer. The results of the experimental study were 
concluded as follows: The brake thermal efficiency of all 
Linseed oil diesel blends was slightly higher than diesel due 
to high viscosity, and low calorific value of the fuel. Brake 
specific fuel consumption of the blends were determined to 
be higher for all blends at full load. The exhaust 
temperature was increased with L10. L15 and L20 biodiesel 
mixture reduced the temperature as the blend ratio 
increased. The CO and HC emissions of all blends were 
higher than diesel. The smoke emissions were found to be 
slightly higher than diesel fuel. When compared to diesel, 
NOx emissions of all the blends of Linseed oil were found 
to be increased. As the blend ratio increased, the NOx 
emissions were also increased respectively. 
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 Abstract— The linseed oil is characterized for engine 
performance, combustion and emission analysis at various 
compression ratios (CR-14, 16, and 18) and fuel blends (B9, 
B18, B27, B36%, and Diesel). The brake thermal efficiency 
(BTHE) at CR18 is higher at full load condition for all blend 
ratios that may be due to lower brake specific fuel consumption 
(BSFC) and complete combustion of mixture with excess 
oxygen in the biodiesel. The BSFC is decreased on increasing 
brake power (BP) and CR. The exhaust gas temperature is 
decreased (3%) on increase in CR from 14 to 18. The cylinder 
peak pressures and net heat release rate are lower than that of 
diesel because of lower heating value. The hydro carbon (HC), 
carbon monoxide (CO), and carbon dioxide (CO2) emissions 
decreases while increasing the compression ratio, however, 
nitrogen oxide (NOx) emission is increased with CR for all fuel 
blends and these properties were progressively lower for higher 
concentration of biodiesel. Overall engine performance is 
optimum at CR of 18 for B18 fuel blend. 

Keywords— VCR Engine, Multi Fuel, Fuel Efficiency. 

I. INTRODUCTION 

A VCR engine has been widely tested these days to bring out 
the best fuel efficiency and also to minimize the pollutants[1-
2]. Various tests have been made these days by the 
researchers using this VCR engines to bring out the 
comparison results using petrol or diesel. This works 
investigates on a single cylinder multi fuel VCR Engine at 2 
compression ratios 16:1 and 18:1 respectively. Petrol engines 
have the tendency to limit the max pressure during a 
compression stroke which would result in detonation rather 
than burning, and hence to achieve this max 

Power output along with its same speed, more amount of fuel 

is to be burnt. This would result in the requirement of more 

amount of air for burning the fuel[3-7]. This brings in the use 

of the turbochargers and superchargers for increasing the 

pressure at the inlet. This would result in decrease in the 

compression ratio of the detonation in the fuel or air mixture 

i.e. the volume above the piston is made greater. This can be 

done to a greater or lesser extent with a very massive increase 

in power being possible. 

Variable Compression Ratio is becoming very much 

desirable as the oil cost increase and car owners have an 

interest in fuel economy[12]. In addition to this, the Global 

Climate Warming may require some measures from the 

international community. In this Automobile industry, it has 

stricter limits in the case of car emissions, especially the 

emission of carbon di oxide. VCR is one cost effective way 

of to achieve these targets of pollutants. In addition, VCR 

permits the use of blended diesel with ethanol[8-11]. The 

cylinder head of an VCR engine is varied by the hydraulic 

system that is connected to the crank shaft and it could also 

provide some potential in order to control the temperature of 

the emitted exhaust gas, contributing to protecting component 

temperatures. A VCR Engine’s efficiency and its 

performance can be continuously varied by the compression 

ratio by changing the combustion chamber volume.. 

 MATERIALS AND METHODOLOGY 

The VCR engine which is capable of varying the compression 

ratio has been used to test the performance of diesel at two 

compression ratios (16:1 and 18:1). This test is then compared 

with one another to obtain the best performance results. 

Compression Ratio can be changed in a number of ways: 

 Changing the piston head design. 

 Changing the stroke length of the cylinder 

 Changing cylinder diameter 

 Changing the air fuel ratio. 

 
Table 1 Engine Specification

Parameter Specification 

Compression Ratio Variable from 5:1 to 20:1 

No of Cylinder Single Cylinder 

Cooling Water Cooling 

Spark Timing Variable from 0 to 70 Deg. 

Fuel Petrol / Diesel 

Speed 1400 to 1500 RPM 

Lubrication Forced 

Ignition Type 

Spark Ignition or Compression 

Ignition 




Figure 1 Set up of the VCR Engine 
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
Figure 2 VCR Engine 

RESULT AND DISCUSSION 

o For Compression Ratio 18:1 

Table 2 Engine Performance using diesel at compression ratio 18:1 

Load 

(Kg) 

Speed 

(rpm) 

BP 

(KW) 

IP 

(Kw) 

FP 

(Kw) 

Air 

(Kg/hr) 

SFC 

(Kg/Kw 

hr) 

0 1620 0 1.76 1.76 24.88 0 

2.52 1590 1.081888 2.47 1.39 24.26 0.45 

4.97 1560 2.100679 3.48 1.42 23.19 0.28 

7.51 1560 3.171527 4.48 1.25 22.92 0.28 

10.04 1560 4.238695 5.33 1.188 21.82 0.29 

 
Table 3 Engine Performance using diesel at compression ratio 18:1 

Load Max Mech BTE Vol Calorific Cooling 

(Kg) Pressure (%) (%) (%) value water 

 (bar)    (KJ/Kg) (ml/sec) 

0 57.31021 0 0 92.61602 44000 60 

2.524037 59.33685 43.66655 18.14223 92.00136 44000 60 

4.978955 60.94967 59.00144 27.61648 89.62067 44000 60 

7.517039 61.18668 71.79788 34.0362 88.59778 44000 60 

10.0464 61.24949 77.60807 36.61852 84.35046 44000 60 

 
Brake power = T*ᾠ, Indicated power can be defined as the 

theoretical maximum output power of an engine. The 

indicated power is the total power obtained from the extension 

of the gases in the cylinders by avoiding any abrasion, heat 

loss or entropy of the system. In  thermodynamics, the thermal 

efficiency ( ) can be described as an  dimensionless rate of 

performance of a device that consumes  thermal energy like 

an  internal combustion engine, a  steam turbine or a  steam 

engine, a  boiler, a  furnace, or a  refrigerator. In other words, 

efficiency means how well an energy change or transfer 

process is achieved. Mechanical efficiency = BHP/IP, BSFC 

is a rate of fuel ability of a shaft  reciprocating engine. It is 

defined as the measure of  fuel consumption to the measure of  

power produced. It can be also known as power- specific fuel 

consumption. 

 

For Compression Ratio 16:1 

The above tabular column shows the engine performance of 

standard diesel with compression ratio 16:1 Horsepower (hp) 

is the name of measurement of power for several units, the 

rate at which  work is done. The conventional conversion 

factor, generally for electrical power, is 1 hp=746  watts. 

Mechanical efficiency is defined as the measure of 

effectiveness of a  machine to transform the energy and power 

from the input of the device into the output force and 

movement. Efficiency could be defined as the ratio of 

measure of output performance to the performance of an  ideal 

machine. Volumetric efficiency can be used to define the 

comparison performance or other measurable parameter per 

unit of the physical volume. 

 
Table 4 Engine Performance using diesel at compression ratio 16:1 

Load 

(Kg) 

Speed 

(rpm) 

BP 

(KW) 

IP 

(Kw) 

FP 

(Kw) 

Air 

(Kg/hr) 

SFC 

(Kg/Kw 

hr) 

0 1620 0 3.28 3.28 22.26 0 

2.49 1590 1.07 3.85 2.80 21.80 0.67 

5.00 1560 2.11 5.03 2.92 21.06 0.44 

7.49 1560 3.16 5.73 2.66 19.87 0.37 

10.02 1530 4.14 6.27 2.11 17.09 0.37 

 

Table 5 Engine Performance using diesel at compression ratio 16:1 

Load  

(Kg) 

Max 

Pressure 

(bar) 

Mech 
(%) 

BTE 

(%) 

Vol 

(%) 

Calorific 

value 

(KJ/Kg) 

Cooling 

water 

(ml/sec) 

0 46.87 0 0 82.8 44000 60 

2.47 48.47 27.95 12.06 82.67 44000 60 

5.00 49.59 41.58 18.51 81.22 44000 60 

7.47 50.80 53.79 21.95 76.81 44000 60 

10.02 51.36 66.17 21.61 67.38 44000 60 

 
Table 6 Engine Performance using diesel at compression ratio 14:1 

 

Load 

(Kg) 

Speed 

(rpm) 

BP 

(KW) 

IP 

(Kw) 

FP 

(Kw) 

Air 

(Kg/hr) 

SFC 

(Kg/Kw 

hr) 

0 1620  0  3.28  3.24 22.26 0 

2.49 1590  1.07  3.85  2.85 21.80 0.67 

5.00 1560  2.11  5.037  2.95 21.06 0.44 

7.49 1560  3.16  5.78  2.67 19.81 0.37 

10.02 1530  4.14  6.26  2.17 17.07 0.37 

 
Table 7 Engine Performance using diesel at compression ratio 14:1 

 

Load 

(Kg) 

Max 

Pressure 

(bar) 

Mech 

(%) 

BTE 

(%) 

Vol 

(%) 

Calorific 

value 

(KJ/Kg) 

Cooling 

water 

(ml/sec) 

0 57.31 0 0 92.61 44000 60 

2.52 59.33 43.66 18.14 92.00 44000 60 

4.97 60.94 59.00 27.61 89.62 44000 60 

7.51 61.18 71.79 34.03 88.59 44000 60 

10.04 61.24 77.60 36.61 84.35 44000 60 

 
 Mechanical Efficiency = (Brake Power/Indicated 

Power)*100 

 Sample Calculation: At CR 16:1 

 Load = 2.5Kg,  BP=1.073KW,  IP=3.853KW 

http://en.wikipedia.org/wiki/Thermodynamics
http://en.wikipedia.org/wiki/Dimensionless_quantity
http://en.wikipedia.org/wiki/Thermal_energy
http://en.wikipedia.org/wiki/Internal_combustion_engine
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Furnace
http://en.wikipedia.org/wiki/Refrigerator
http://en.wikipedia.org/wiki/Reciprocating_engine
http://en.wikipedia.org/wiki/Fuel
http://en.wikipedia.org/wiki/Power_(physics)
http://en.wikipedia.org/wiki/Power_(physics)
http://en.wikipedia.org/wiki/Specific
http://en.wikipedia.org/wiki/Work_(physics)
http://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/Machine_(mechanical)
http://en.wikipedia.org/wiki/Ideal_machine
http://en.wikipedia.org/wiki/Ideal_machine
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 Mechanical Efficiency = (1.073/3.853)*100 

 Mechanical Efficiency at load 2.5Kg = 27.28% 
 

Real devices can dissipate power through friction, wear and 

also by part deformation. It can be seen in fig that the 

mechanical efficiency of compression ratio 18:1 is more when 

compared with the compression ratio 16:1 

 Brake Thermal Efficiency = 3600*Brake 

Power*100/(Fuel Consumption*Calorific Value) 

 Sample calculation at CR16:1 

 Load=2.5 Kg BP=1.073KW   FC=0.728 

Kgs/Hr  CV= 44000 KJ/Kg 

 Brake Thermal 

Efficiency=3600*1.073*100/(0.728*44000) 

 Brake Thermal Efficiency = 12.062% 

 

It can be seen in fig 3.3 that the Brake Thermal efficiency 

using compression ratio 18:1 at different loads is more when 

compared with the compression ratio 16:1 

It is observed that the brake thermal efficiency increases with 

increase in load. This may be due to the friction torque is 

constant at all loads because, as the load increases, forms a 

smaller proportion of the indicated torque. The factors such as 

lower heating values and higher viscosity of the esters may 

affect the mixture formation process and hence the result in 

slow combustion hence reducing the brake thermal efficiency. 

 

 
 

          CONCLUSIONS  
 

This experiment is done varying the load from 0 kg to 10 kgs 

and their respective efficiencies are obtained. The brake 

power, mechanical efficiency and also the brake thermal 

efficiency are found to be more for the case of 18:1 

Compression ratio. The study concludes that the compression 

ratio at 18:1 has a better engine performance when compared 

to that of 16:1 when fueled with diesel. Same kind of tests 

could also be performed with biodiesel as different blends and 

at different compression ratios. 
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Abstract- Work drained this project is to improve the 

tribological properties by surface texturing on cylindrical body. 

The textured surface contains different or single scale micro 

level dimples on the surface of the contact body. The 

performance of a textured surface depends on the shape, 

geometry and pattern of the surface texture. In this paper we 

analyzed the tribological properties in ansys by creating non-

textured and textured bodies and analyzed the static pressure, 

dynamic pressure, cell Reynolds number, total energy, wall 

shear stress, skin friction coefficient. The different texture 

shape, different texture area ratio and patterns, different 

lubrication regims with different contact geometries and 

materials have been subjected to theoretical and experimental 

researches for many years. This project studies about the 

process of surface texturing and its analysis. 

 

1. INTRODUCTION 

The word trilogy came from Greek word tribe mean 

rubbing. Tribology is branch of science which deals with 

the Friction, Lubrication and Wear. Sometimes we want to 

reduce the friction. For example, in gears, cams, bearing, 

car engine applications we need to reduce friction, so we 

use lubrication in this areas to decrease friction. Sometimes 

we need to increase the friction for example in brakes, to 

stop moving objects we use brakes where the friction need 

to increase. Here in some application we need friction to 

increase and in some applications some we need to decrease 

the friction. By texturing the surface we can reduce friction 

and also we can increase the friction. The reduction of 

friction depends on the pattern of the dimples in many 

experimental studies conclude the textured surface is more 

adoptable to reduce the friction. 

 

2. LITERATURE WORK 

Bowden was a pioneer of tribology field. His work with 

Taylor explored that making a surface roughness or smother 

not always affect the sliding friction. For some materials the 

rough surfaces may decrease friction and some other 

materials making smoother increase friction. Here they 

conclude that the surface with texturing with micro level 

dimples can reduce the friction. 

On this paper on Friction reduction through biologically 

inspired scale-like laser surface Textures Source: doi: 

10.3762/bjnano.9.238, Published online 2018 Sep 26. In 

this contribution, biologically inspired scale-like 

morphologies were manufactured on bearing steel surfaces 

by laser light. When they did test on the textured surface 

under lubrication they concluded that reduction in the 

friction coefficient varied between 20–30% for speeds 

between 20 to 80 mm/s. 

 
 

3. TEXTURING 

Surface texturing is surface modification technique, in order 

to improve, in order to improve, among other things, its 

tribological performance. This obtained through different 

patterns, which can be on micro or non-scales created on 

contact surface .The performance of a textured surface 

depends on the shape, geometry and pattern of surface. 

 

3.1. Single Scale Texturing: 

 

The single scale texturing defined as the texturing on the 

surface is done in the only in single dimple pattern. 

 
3.2 Multi Textured Surface: 

 

The multi scale texturing defined as the texturing on the 

surface is done in the multiple different types of dimple 

patterns. 

4. SOFTWARE EMPLOYED 

 

Software used for doing the Analysis in Ansys19.2. 

Ansys is mechanical finite element analysis software is used 

to simulate computer model of structures, machine 

components for analyzing strength, 

toughness,elasticity,temperature distribution, fluid flow and 

other attributes on the components. 

Ansys is used to determine how the product is functioning, 

analysis is done in the software. In ansys we can get more 

accuracy and no parallax error, we can faster and more 

accurately in ansys. 

 
4.2 Considerations: 

 

A cylindrical work-piece with dimensions Diameter 

10mm and Length 30mm is considered for Analysis 

purpose. 
 

• Material selected for analysis is Aluminum.  
• Analysis is done with Steady state flow, Reynolds 

Equation. 

 Inlet velocity is 5m/s and pressure at ambient 

conditions 
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4.2. Analysis of Non-Textured Surface: 

   
 

              Figure 4.2.5 Contour of Cell Reynolds Number

                Figure 4.2.1Contour of Static Pressure  
             

                     
                Figure 4.2.2 Plot of Static Pressure                                                                        Figure 4.2.6 Contour of Wall Shear Stress 
     

                              
             Figure 4.2.3 Contour of Dynamic Pressure                                                                                           

                                                                                                                            Figure 4.2.7 Contour of Skin Friction Coefficient 
 

                         
Figure 4.2.4 Plot of Dynamic Pressure                                                                  Figure 4.2.8 Plot of Skin Friction Coefficient 
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4.3Analysis of textured surface: 

 

Surface Texturing made: Circular Dimples of radius 30μm 

and depth 30μm. 

 

 
  Figure: 4.3.1 Textured Surface 

 

 
  Figure: 4.3.2 Contour of Static Pressure 

 

 

 
  Figure: 4.3.3 Plot of Static Pressure 

 

 

 

 

 

 

 

 

 
  Figure: 4.3.4 Contour of Dynamic Pressure 

 

 

 
            Figure: 4.3.5 Contour of Static Pressure 

 
            Figure: 4.3.6 Contour of Reynolds Number  
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            Figure: 4.3.7 Contour of Wall Shear Force 
 

 

 
            Figure: 4.3.8 Contour of Skin Friction Coefficient 
 

 

 

 

5. RESULT 

 

 

By observing the analysis results of circular textured 

surface and Non-Textured surface in ansys workbench that 

the values of the Static pressure, Dynamic pressure, Cell 

Reynolds Number, Wall Shear Stress, Skin Friction 

Coefficient, are reduced in circular textured surface 

compared to the Non-Textured surface.  
So by the observing analysis values we are concluding that 

the friction wear parameters also can be reduced. So it better 

to choose the textured surface over the Non-textured 

surface. 
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                  Figure: 4.3.9 Plot of Skin Friction Coefficient
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Abstract— Industrial components often fail due to 

overheating because of less heat dissipation. This paper 

emphasizes on the experimental investigation of the 

temperature distribution along the pin fin made of brass. The 

analysis is performed on a 150mm long, 12 mm diameter 

brass pin fin, having a thermal conductivity of 110.7 W/m K. 

The influence of the mode of convection viz., natural and 

forced convection is evaluated. Temperature at different 

lengths along the fin is evaluated experimentally (both 

natural and forced), analytically and using ANSYS. The 

temperature distribution along the fin is then compared with 

one another. Analysis and graphical representation of heat 

transfer, efficiency and effectiveness is then presented.   

Keywords— natural convection, forced convection, heat 

transfer coefficient, efficiency, effectiveness 

II. INTRODUCTION 

Many of the industrial components generate some amount 

of energy. At elevated temperatures, the system may fail 

due to overheating.  For continuous and efficient working 

of any industrial component, the generated heat must be 

dissipated to the surroundings and the temperatures should 

be kept within the permissible limits. Thermal analysis is 

the process of finding the values of temperature at different 

points when the material is in steady state condition. A 

steady state is the material condition where there is input 

heat energy equal to output heat energy.  

Fins or extended surfaces are employed on the industrial 

components in order to increase the surface area available 

for convection. This increases the heat dissipation to the 

surroundings thereby keeping the system safe. Depending 

on the application, different geometrical configurations of 

fins are available as uniform cross-section (rectangular and 

pin) fin and non-uniform cross-section (triangular, 

elliptical and trapezoidal) fin. The important factors which 

mainly affect the heat transfer rate are the thermal 

conductivity of material, size of material etc., Different 

materials have different thermal conductivity and it affects 

the rate of heat transfer.  

By increasing the length and diameter of the pin fin, the 

heat transfer rate can be improved but the fin faces the 

difficulty of increased self-weight and size. 

 Many researches are going on the heat transfer analysis of 

pin fin although very less information about the 

temperature distribution over the fin length and influence 

of operating conditions on the heat transfer rate was found. 

Therefore, in this work, an experimental and analytical 

investigation is carried out to evaluate temperature 

distribution across the fin length at variable operating 

conditions. The experiments are conducted for both natural 

and  

Forced convection. The experimental findings were then 

compared with the analytical results and represented 

graphically. 

 

III. EXPERIMENTAL SET-UP 

The apparatus is equipped with a blower that provides air 

flow at different rates. A control valve is also provided to 

regulate the flow from the blower. The equipment consists 

of a rectangular channel in conjunction with a nozzle 

attached to the blower. A 150 mm long pin fin of 12 mm 

diameter made up of brass is fitted at the base to a rectangular 

channel. A controlled amount of heat is supplied to the 

flange by means of an electric heater, which can be varied 

with the help of a variance. Six thermocouples were installed 

over the length of the fin as shown in fig. 2. The brass fin is 

kept inside a rectangular duct. An ammeter and voltmeter are 

also provided to record the current and voltage readings at a 

particular heat input. To vary the heat input the voltage may 

be increased or decreased with the help of a regulator. 
The analytical relations and solutions for uniform area fin are 

available in several literatures [16-18]. In this study, the fin 

of finite length with insulated tip was considered. The 

analytical relations were made by considering some of the 

assumptions as listed below: 

 1-D conduction in the y-direction. 

 The fin material is having constant thermal 

conductivity. 

 No internal heat source is placed inside the fin. 

 Radiation heat transfer is neglected. 
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Heat transfer mechanism that does not need any external 

agent to generate fluid motion, the flow movement is solely 

by density difference due to temperature gradient is termed 

as free convection. Two dimensionless numbers that 

dominate the free convection heat transfer are Prandtl and 

Grashof number, can be written as: 

 Prandtl number, 𝑃𝑟 = 
ℎ𝑑

𝑘
 

 Grashoff number, 𝐺𝑟 =
𝜌2𝑑3𝑔𝛽𝛥𝑇

𝜇2    

 Nusselt number,𝑢 = 0.59(𝐺𝑟𝑃𝑟)0.25 

 

IV. FORCED CONVECTION 

In convection mode of heat transfer if the movement of 

surrounding fluid is provided by some external agents like 

fans, blower, pumps etc. then it is termed as forced 

convection. The fluid flow may be of the laminar or 

turbulent type. The motion of fluid amplify the heat 

transfer, flow with higher velocity will increase the heat 

dissipation rate. Forced convection is dominated by two 

dimensionless numbers named as Prandtl and Reynolds 

numbers, can be expressed as: 

Prandtl number, 𝑃𝑟 = 
ℎ𝑑

𝑘
 

Reynold’s number, 𝑅𝑒 =
𝜌𝑣𝑑

𝜇
 

Nusselt number, 𝑁𝑢 = 0.683(𝑅𝑒)0⋅466 (𝑃𝑟)0.333 

The case of flow over vertical cylinder is 

considered to obtain temperature distribution over 

the fin length. 

Temperature distribution for finite length fin with 

insulated tip is expressed as: 

𝑇 − 𝑇∞

𝑇0 − 𝑇∞

=
𝑐𝑜𝑠 ℎ[𝑚(𝐿 − 𝑥)]

𝑐𝑜𝑠ℎ(𝑚𝐿)
 

Where m is fin parameter which is given by; 

𝑚 = √
ℎ𝑃

𝑘𝐴
 

Heat Transfer Rate, Q = √ℎ𝑃𝑘𝐴 𝑇𝑎𝑛ℎ(𝑚𝐿) (𝑇0 −

𝑇∞) 

Effectiveness of the Fin, 𝜖 =
𝑇𝑎𝑛ℎ(𝑚𝐿)

𝑚𝐿
 

Efficiency of the fin, 𝜂 = √
ℎ𝑝

𝑘𝐴
𝑡𝑎𝑛ℎ ( 𝑚𝐿) 

 

Results and Discussion 

A. Case A: Free Convection 

In this case, the investigation of temperature distribution 

over the fin length is performed under the natural circulation 

of air due to density difference. The temperature distribution 

at the various section of the fin was experimentally observed 

at constant heat input supplied by the heater. The 

experimental results are compared with the analytical 

solutions for the case of free convection heat transfer over 

pin fin made of brass. 

 

 
B. Forced Convection 

In this case, the air is forced to flow over the fin by 

employing a blower. The temperature profile at the different 

section of fin length is observed at variable heat input. 

Thermal analysis is also performed using ANSYS. 

Experimental results are compared with the findings 

obtained by employing widely accepted relations and also 

ANSYS. The variation of temperature distribution over the 

fin length by experimental, analytical approach and ANSYS 

at given heat input is represented. It can be depicted that the 

results by analytical relation predict comparatively lesser 

than that of experimental observations, the dominance of 

forced convection heat transfer increases as the distance of 

length section from the fin base increases while conduction 

mode is more responsible for heat dissipation near the fin 

base region. The dominance of different modes of heat 

transfer leads to the variation in experimental and analytical 

thermal behavior.  
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eat Transfer Coefficient, h = 32.65 W/𝑚2 𝐾 

 

 
 

 
 

 
 

 
 

Nomenclature: 

𝐶𝑝=specific heat of the fluid 

μ=viscosity of fluid 

𝑘𝑎=thermal conductivity of the material of the 

fin 

L=characteristic length of fin 

𝜌=Density of Fluid 

𝜗 =kinematic viscosity of fluid 

d= Fin diameter 

V=Air Velocity 

𝑇0 =Base Temperature 

𝑇𝑎𝑡𝑚=Atmospheric Temperature 

K=Thermal conductivity of Brass 

h=Convective heat transfer coefficient 

P=Perimeter of fin 

A=Fin Area 

CONCLUSION 

From the above observations and results, we can conclude 

that 

 The results by widely accepted analytical 

relations were in better agreement with the 

experimental findings for natural convection. 

 Forced convection in a brass pin fin when used 

with a fluid velocity of 1.74 m/s, can dissipate 

122% more heat than in the free convection, with 

improved efficiency (32.68%) and effectiveness 

(125.67%). 

 Convection mode of heat transfer was found to be 

more dominating than conduction at the region 

away from the fin base. 
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Abstract: Wear rate is defined as the volume lose per unit 

distance and unit time. The current 

design/manufacturing field looking for value 

added/engineering projects. In this project an attempt 

has been made on GPR material to predict the wear rate 

in helicopter rotor, wind turbines and sports equipment 

Etc. The wear rate of a material can be estimated by 

using pin on disc by factorial method. The tangential load 

and the coefficient of friction values are taken from pin 

on disc experiment and estimate the wear rate by 

factorial method. During the wear testing the total 

deformation, directional deformation, elastic strain and 

shear strain are estimated using ansys software at 

different conditions. These results should provide good 

understanding of wear prediction and durability of the 

material. 

Keywords: glass reinforced polymer, wear rate, sliding 

contact. 

INDRODUCTION 

INTRODUCTION TO PIN ON DISC: 

Microsystems and micro-machines in particular are a rapidly 

emerging technology, finding a wide variety of applications. 

Various investigations on micro-machines show that the 

tribological behaviour plays a key role in the performance of 

micro-machines 1–4. At present, in-situ wear measurements are 

the most realistic methods to predict wear in micro-components. 

In 5 a detailed in-situ study of the tribological performance of 

poly-silicon micro-engines can be found. Moreover, the 

manufacture of prototypes is highly expensive both in terms of 

time and money for such in-situ studies. 

 

Fig 1: Pin on disc setup  

INTRODUCTION TO WEAR: 

              Wear is the damaging, gradual removal or 

deformation of material at solid surfaces. Causes of wear 

can be mechanical (e.g., erosion) 

or chemical (e.g., corrosion). The study of wear and related 

processes is referred to as tribology. Wear in machine 

elements, together with other processes such 

as fatigue and creep, causes functional surfaces to degrade, 

eventually leading to material failure or loss of 

functionality. Thus, wear has large economic relevance as 

first outlined in the Just Report. Abrasive wear alone has 

been estimated to cost 1-4% of the gross national product 

of industrialized nations.  

Wear of metals occurs by plastic displacement of surface 

and near-surface material and by detachment of particles 

that form wear debris. The particle size may vary from 

millimeters to nanometers. This process may occur by 

contact with other metals, non-metallic solids, flowing 

liquids, solid particles or liquid droplets entrained in 

flowing gasses. The wear rate is affected by 

impact,static,dynamic),typeof motion (e.g., sliding, rollin

g), temperature and lubrication, in particular by the process 

of deposition and wearing out of the boundary lubrication 

layer. Depending on the tribosystem, different wear 

types and wear mechanisms can be observed. 

 Wear types and mechanisms : 

                     Wear is commonly classified according to 

so-called wear types, which occur in isolation or complex 

interaction. Common types of wear include: 

 Adhesive wear 

 Abrasive wear 

 Surface fatigue 

 Fretting wear 

 Erosive wear 

 Corrosion and oxidation wear 

Other, less common types of wear are impact-, 

cavitation- and diffusive wear. Each wear type is caused 

by one or more wear mechanisms. For example, the 

primary wear mechanism of adhesive wear is adhesion. 

Wear mechanisms and/or sub-mechanisms frequently 

overlap and occur in a synergistic manner, producing a 

greater rate of wear than the sum of the individual wear 

mechanisms.  

Factorial technique:  

                The wear rate for the glass reinforced 

polymer can be calculated by using the formula  

Wear rate = co efficient of friction / density * 

sliding distance 

The co-efficient of friction can be calculated by 

using the formula (µ) = Tangential load / Applied 

load. 

Boundary conditions: 

https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Erosion
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Corrosion
https://en.wikipedia.org/wiki/Machine_element
https://en.wikipedia.org/wiki/Machine_element
https://en.wikipedia.org/wiki/Fatigue_(material)
https://en.wikipedia.org/wiki/Creep_(deformation)
https://en.wikipedia.org/wiki/Tribology#The_Jost_report
https://en.wikipedia.org/wiki/Metals
https://en.wikipedia.org/wiki/Nanometre
https://en.wikipedia.org/wiki/Motion_(physics)
https://en.wikipedia.org/wiki/Sliding_(motion)
https://en.wikipedia.org/wiki/Rolling
https://en.wikipedia.org/wiki/Rolling
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Lubrication
https://en.wikipedia.org/wiki/Tribosystem
https://en.wikipedia.org/wiki/Wear#Wear_types_and_mechanisms
https://en.wikipedia.org/wiki/Adhesive_wear
https://en.wikipedia.org/wiki/Abrasive_wear
https://en.wikipedia.org/wiki/Wear#Surface_fatigue
https://en.wikipedia.org/wiki/Fretting_wear
https://en.wikipedia.org/wiki/Wear#Erosive_wear
https://en.wikipedia.org/wiki/Wear#Corrosion_and_oxidation_wear
https://en.wikipedia.org/wiki/Adhesion
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Boundary conditions applied in ansys are given below 

 

 

 

 

Fig 2: part-1 

 

 

 

 

 

Fig 3: part-2 

 

 

 

 

 

Fig 4: Meshing 

 

 

 

 

 

Fig 5: Force 

 

 

 

 

Fig 6: Rotational Velocity 

Results:  The results obtained by using ansys are shown 

below 

At Speed 200rpm and Load 1 KN 

 

 

 

 

 

     Fig 7: Total deformation 

 

 

 

 

Fig 8: Directional deformation 

 

 

 

 

 

Fig 9: Equivalent Elastic Strain 

 

 

 

 

 

Fig 10: Shear elastic strain 

 

 

 

 

Fig 11: Max shear elastic strain 

 

 

The results obtained are tabulated as shown below:  
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The values of the terms provided by ansys are recorded and 

tabulated as given below 

Table no 1: Observations for each set of results in 

ansys 

S

L 

N

O 

Sp

ee

d 

(r

p

m) 

L

oa

d 

(k

n) 

Deformation 

(mm) 

Equi

valen

t 

elasti

c 

strai

n 

Shea

r 

elast

ic 

strai

n 

Max

imu

m 

shea

r 

elast

ic 

strai

n 

Total 
defor
matio

n 

Direct
ional 
defor
matio

n 

1 20
0 

1 1.352
7e^5 

0.581
25 

0.032
841 

0.00
1997

5 

0.04
8834 

1.
5 

2.028
6e^5 

4.264
9 

0.108
45 

0.00
6666

5 

0.16
133 

2 2.703
2e^5 

17.68
7 

0.253
77 

0.01
5708 

0.37
757 

2 40
0 

1 1.352
7e^5 

0.580
32 

0.032
829 

0.00
1996

8 

0.04
8816 

1.
5 

2.028
6e^5 

4.254
5 

0.108
42 

0.00
6664

2 

0.16
127 

2 2.703
2e^5 

17.69
4 

0.253
78 

0.01
5706 

0.37
758 

3 60
0 

1 1.352
7e^5 

0.579
87 

0.032
817 

0.00
1995

8 

0.04
8798 

1.
5 

2.028
6e^5 

4.257
2 

0.108
41 

0.00
6663 

0.16
125 

2 2.703
2e^5 

17.69
1 

0.253
72 

0.01
5703 

0.37
749 

 

The values of wear rate are calculated by using the formula 

mentioned in the factorial technique and by varying the 

tangential load for 5 different samples at 1, 1.5 and 2 KN 

loads and the values are obtained as shown in the table 

below. 

 

 

 

Table no: 2 Wear rate values for five samples 

SAM
PLE 

LOAD 
(P) 

(KN) 

SP
EE
D 

(N) 

(RP
M) 

COFFICI
ENT OF 

FRICTIO
N (µ) 

WEAR 
RATE 

 

1 1 200 0.26 0.0000
013 

1.5 400 0.19 0.0000
009 

2 600 0.038 0.0000
001 

2 1 200 0.42 0.0000
021 

1.5 400 0.156 0.0000
008 

2 600 0.025 0.0000
001 

3 1 200 0.188 0.0000
009 

1.5 400 0.16 0.0000
008 

2 600 0.17 0.0000
008 

4 1 200 0.26 0.0000
013 

1.5 400 0.32 0.0000
016 

2 600 0.017 0.0000
001 

5 1 200 0.65 0.0000
033 

1.5 400 0.847 0.0000
044 

2 600 1.35 0.0000
07 

 

 

CONCLSION 

The values of wear rate for glass reinforced polymer 

(GPR) at different compositions (or) samples are calculated 

and noted in the table 5.2. From the table we can observe that 

the values of wear rate decrease with increase in speed as we 

can see that the wear rate is lower at 200rpm and decreases 
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when speed is increased to 400rpm. The reason is when the 

sliding velocity continue sly increases the coefficient of 

friction is decreased causing the decrease in wear loss at high 

speed. From the table 5.2 we can also conclude that 45%glass 

fibre reinforced polyamide has the least wear rate values 

when compared to the other composition samples. Hence we 

can say that products made of 45%glass fibre reinforced 

polyamide has high durability than other compositions of the 

glass reinforced polymer (GPR). In addition the values for 

total deformation, directional deformation, equivalent elastic 

strain, shear elastic strain and maximum shear elastic strain 

are determined at different speeds and lods by using 

ansysand the relation between these terms and the lads and 

speed are determned. Total deformation is same when there 

is a change of speed but increases when the load applied 

increases. The values of directional deformation are 

proportional to the load and inversely proportional to the 

speed of the disc. The equivalent elastic strain, shear elastic 

strain and maximum shear elastic strain is proportional to the 

load and inversely proportional to the speed of the disc. 

The helicopter rotor, wind turbines and sports equipment like 

kayaks are more durable when the material used to prepare 

them is 45%glass fiber reinforced polyamide of GRP 

materials. 

References 

1. ANSYS User’s Manual for Version 10.0.  

2. Ashraf, M. A., Najafabadi B. S., Gol O., Sugumar D. (2008) Time-to-

failure prediction for a polymer– polymer swivelling joint. International 

Journal of Advanced Manufacturing Technology, 39(3-4): 271-278.  

3. Ashraf, M. A., Najafabadi, B. S., Gol, O., Sugumar, D. (2007) Finite 

element analysis of a polymer sliding contact for Schallamach wave and 

wear. Key Engineering Materials, 348–349:633–636.  

4. Ashraf, M.A., Najafabadi, B.S., Hsu, H.Y. (2006) Surface-surface contact 
wear prediction using FEA. In Research in Interactive Design, Springer, 

Paris.  

5. Ashraf, M.A., Najafabadi, B.S., Hsu, H.Y. (2006) Wear prediction: A 

methodical approach. In Research in interactive design, Springer, Paris.  

6. Bayer, R.G. (2002) Wear analysis for engineers. HNB Publishers, New 
York.  

7. Cantizano, A., Carnicero, A., Zavarise, G. (2002) Numerical 

simulation of wear-mechanism maps. Computational Materials 

Science, 25:54-60.  

8. Hegadekatte, V., Huber, N., Kraft, O. (2005) Finite element-based 

simulation of dry sliding wear. Modelling and Simulation in Materials 

Science and Engineering, 13 (1):57-75.   

9. Hutchings, I.M. (1992) Tribology: friction and wear of engineering 
material. Edward Arnold Publishers, London.  

10. Kim, N.H., Won, D., Burris, D., Holtkamp, B., Gessel, G.R., Swanson, 

P., Sawyer, W.G. (2005) Finite element analysis and experiments of 

metal/metal wear in oscillatory contacts. Wear, 258:1787–1793.  

11. Lydersen, S., Rausand, M. (1987) A systematic approach to 
accelerated life testing. ReliabEng 18(4):285–293.  

12. Meng, H.C., Ludema, K.C. (1999) Wear models and predictive: 

Their form and content. Wear, 181- 183:443-457.  

13. Podra, P., Andersson, S. (1999) Simulating sliding wear with 
finite element method. Tribology International, 32:71-81.  

14. Rabinowicz, E. (1995) Friction and wear of materials. Wiley, 

New York.  

15. Sfantos, G.K., Aliabadi, M.H. (2007) Total hip arthroplasty wear 

simulation using the boundary element method. Journal of 
Biomechanics, 40: 378–389.  

16. Unal, H., Mimaroglu, A., Kadroglu, and Ekiz, H. (2004) Sliding 

Friction and Wear Behaviour of Polytetrafluoroethylene and its 

Composites under Dry Conditions. Material and Design, 25:239-245.  

17. Williams, J.A. (2005) Wear and wear particles-Some 
fundamentals. Tribology International, 38(10): 863–870.  

18. Zhang, W.M., Meng, G. (2006) Friction and wear study of the 

hemispherical rotor bushing in a variable capacitance micro motor. 

Microsystem Technologies, 12(4):283–292.  

19. Zhang, W.M., Meng, G. (2006) Numerical simulation of sliding 
wear between the rotor bushing and ground plane in micro motors. 

Sensors and Actuators A: Physical, 126(1):15–24. 

20. Wear – Materials, Mechanisms and Practice Editor::Gwidon W. 

Stachowiak first published: 11 November 2005 ISBN: 

9780470016282 online ISBN: 9780470017029 DOI: 

10.1002/9780470017029 

21. Friction and Wear of Materials, 2nd Edition Ernest Rabinowicz 

ISBN: 978-0-471-83084-9 

https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AErnest+Rabinowicz


Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

83 

 

 
 

CFD Analysis of Two Pass Double Pipe Heat  

Exchanger with TiO2/Ethylene Glycol Nano Fluid 
 

Gopi Nerusu and Pathuri Srinivasa Rao 

 Department of Mechanical Engineering, Narasaraopeta Engineering College (A), Narasaraopet, India.   

 

 

Abstract- This paper deals with the numerical simulation of cold 

fluid forced convection heat transfer under turbulent flow 

condition with different flow rates of 8, 10, 12, 14, 16 lpm and 

at various Nano fluid volume-fractions of 0.03%, 0.1%, 0.2%, 

0.3% and 0.4% with constant hot fluid flow rate of 8 lpm. In 

this study, TiO2/Ethylene Glycol Nano fluid is used as cold fluid 

and pure water is used as hot fluid around initial temperatures 

of 27 °C and 60 °C, respectively. The objective is to augment the 

heat transfer coefficient and friction-factor of 2 pass Double 

pipe heat exchanger at various Reynolds numbers range of 

9,000 to 25,000 using Computational Fluid Dynamics (CFD). 

The present study explored that the effect of volume 

concentration in 2 pass Double pipe counter flow heat 

exchanger on convective heat transfer and friction 

characteristics in a tube. The simulations were done for these 

flow rates at different volume concentrations. The results 

showed that an enhancement in heat transfer coefficient is 

increased by 34.93% at 0.4% volume concentration at Reynolds 

number range of 9000 to 24,000 when compared to water. The 

maximum friction factor obtained is 1.34 times at 0.3% volume-

fraction of TiO2/Ethylene Glycol Nano fluid at Reynolds 

number of 10,833, when compared to water. 

 Keywords: Heat Pipe, Nano fluid, CFD Analysis, Double pipe   

heat pipe.  

I INTRODUCTION 

 
Heat exchangers are essential engineering devices in several 

process industries as the efficiency and economy of the 

process largely depends on the performance of the heat 

exchangers and other important engineering applications in 

heat exchangers such as power plants, air-conditioning, 

petrochemical industry, natural gas processing, refrigeration, 

solar water heater, chemical reactors, sewage treatment, shell 

and tube heat exchangers in nuclear reactors. The design 

method for heat exchangers is very critical, as it needs 

perfect analysis on rate of heat transfer and pressure drop 

estimations. The rate of heat transfer can be enriched by 

producing a disturbance in the flow of fluid by breaking the 

viscous boundary and thermal boundary layers, this problem 

can be rectified in the other type as there exists a fairly 

constant difference in temperature. Double pie heat 

exchanger is a simple exchanger which consists of two pairs 

of pipes are arranged in the hairpin alignment, for noticeable 

causes. Butteries of this type of heat exchangers are 

connected in series-parallel or series in arrangements in 

order to obtain grater area of surface for heat transfer. The 

working fluids that are transmitting heat energy from one 

fluid to another fluid depending up on our requirement in the 

inner and outer pipes. The  

 

 

 

increase of heating and cooling systems in a factories or 

industrial aspects will create a saving the energy, reducing 

the process-time, raising the temperature and increasing the 

life of apparatus. The improvement of high operation of 

thermal processes for augmentation of heat transfer will 

become trendy now-a-days. There are  

 

Various methods to develop the efficiency heat transfer by 

use of extended surfaces that are Passive methods and 

aspect of vibration to the heat transfer parts that are Active 

methods etc. Efficiency of heat transfer can be developed 

by raising the thermal conductivity of the base fluids. 

Generally water, ethylene glycol, and engine oil etc., are 

having low thermal conductivity and used as base fluids, 

when compared to solid particles. To raise the thermal 

conductivity of these fluids, solid particles, generally 

having higher thermal conductivity, are used to mix with 

these fluids with a certain concentrations.  

These are having following drawbacks represented below:  

A. The particles are settled down rapidly and form a 

small layer on the surface and dropping the heat 

transfer rate.  

B. Whenever rate of circulation increases, sedimentation 

is diminished, but increasing the erosion rapidly of the 

heat exchanger parts such as pipe walls, etc.  

C. Particles are of large size tends to block the flow 

loops.  

D. The pressure drop increases hastily in the fluid.  

E. Finally, development of conductivity based on 

particle-concentration is reached. That is the higher the 

particle volume-fraction is, higher the improvement and 

having major problems.  

 

II OBJECTIVE AND METHODOLOGY  

Several research works have been done in the tube flow 

recently on heat transfer aspects. Convective heat transfer 

improvement with different types of Nano fluid in a plain 

tube is clarified by several researchers.  

A closer observation at experi0mental and numerical 

results reveals that most of the convective heat transfer 

studies in the tube flow have been done with Al2O3, CuO, 

SiC, CNT and Fe3O4 etc., Nano fluids itself. So in the 

present work, TiO2/Ethylene Glycol is considered as a 

Nano fluid because of the advantage with this, there is a 

possibility of separation of magnetic Nanoparticles (Fe3O4) 



Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

84 

 

from the base fluid, isis not achievable with non-magnetic 

(Al2O3, CuO and TiO2) type nanoparticles.  

In order to complete a project successfully, the objectives 

for the project must be determined and the objectives of 

this project includes:  

A. To investigate numerically the behavior of Nano fluid 

(TiO2/Ethylene Glycol) at different Reynolds numbers and 

volume concentrations (0.03%, 0.1%, 0.2%, 0.3%, 0.4%) 

during the forced convection heat transfer using ANSYS 

FLUENT.  

B .To compare the results obtained from the numerical 

simulation software with the Analytical results by using the 

several correlations given by different authors, who have 

researched on this work and study the enhancement of the 

heat transfer in comparison with that of water.  

III CFD ANALYSIS OF DOUBLE PIPE HEAT 

EXCHANGER AND SIMULATION  

This chapter deals with the computational fluid dynamics 

(CFD) analysis of the behaviour of the turbulent flow 

through a 2 pass double pipe heat exchanger using ANSYS 

FLUENT 16 software.  

Geometry and Modelling Specifications of Geometry and 

Boundary conditions  

The analysis is performed on a 2-pass double pipe heat 

exchanger with the inner diameter of inner pipe is 0.019 m 

& outer diameter of inner pipe is 0.025 m, similarly for 

annulus pipe, the inner diameter of outer pipe is 0.05 m & 

outer diameter of outer pipe is 0.056 m and the total length 

of heat exchanger is 2.36 m (2-pass).  

A. Meshing of Geometry  

Structured meshing method in ANSYS WORKBENCH 

was used for the geometry. The element for meshing 

considered is hexahedral shape with number of elements of 

876874 to 1240000 as shown in Fig.1.Naming selections 

were also done at required places. 

  

              TABLE 5.2: Properties of Water and Fe3O4 Nanoparticles 

 

 

Fig. 1. Meshing of 2 pass double pipe heat exchanger in 

ANSYS Workbench  

 

B. Grid Independence Test  

 Grid independence test was conducted at 8 lpm hot water 

and 10 lpm cold water flow rates in ANSYS-FLUENT, by 

decreasing and increasing the size of the elements. The 

gained results are tabulated in Table 5.1, for outlet 

temperatures of cold water and hot water of 2-pass double 

pipe heat exchanger.  

TABLE 5.1 Grid Test Results  

Finally, I selected as final mesh elements of 876874 for 

further simulation purpose.  

 

C.Physical Models  

The standard k-ϵ (k-epsilon) model is used for single phase 

turbulent flow in circular pipe channel. Based on the 

Reynolds number, ρVd/μ either viscous laminar or standard 

k-ϵ model is used for laminar and turbulent flow 

respectively. The choice of the model is shown in Table 5.2. 

Where, d is the diameter of the pipe, ρ is are the density and 

μ is viscosity of the fluid. 

 

E.Material Properties  

Pure water is used as base fluid, steel is used for pipes and 

TiO2/Ethylene Glycol used as cold fluid, the properties are 
shown in Table 5.3. 

TABLE 5.2: Properties of Water and Fe3O4 Nanoparticles 

 

TABLE 5.3: Boundary Conditions 

 

 

D.Boundary Conditions  

A Velocity inlet, uniform mass flow inlets and a constant 

inlet temperature were assigned at the channel inlet. At the 

exit, pressure was specified. The boundary conditions 

assigned as shown in Figure.2.  

S.No  Boundary type   
Annulus 
Pipe  

Inside 
Pipe  

1  
Mass flow rate at 

Inlets  
0.134 kg/s  

0.134 to 

0.267 

kg/s  

2  Temperatures  333 K  300 K  

3  
Constant heat flux 

at pipe wall 
(Insulation)  

0 W/m2 ---  

No. of 

elements 

Coldwater outlet 

temperature (°C) 

Hot water outlet 

temperature  (°C) 

876874  31.458  53.970  

895812  31.652  53.625  

856253  30.256  54.325  

S.

no 
m dia Den K SG KV 

1 

Ethyle

ne 

Glycol 

-- 
122

0 

0.

25

8 

236

0 

8.32

E-07 

2 TiO2 
50-

100 

397

0 

11

.8 
683 ----- 
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Fig. 2: Boundary conditions given in Problem setup in 

ANSYS-FLUENT  

E.Method of Solution  

The CFD method follows the use of commercial software 

ANSYS FLUENT 15.0 to solving the problem. The solver 

in ANSYSFLUENT used a pressure correction based 

SIMPLE algorithm with 2nd order upwind scheme for 

discretizing the convective transport terms. The criteria for 

convergence dependent variables are specified as 0.001.   

In the present analysis, the analytical values of heat transfer 

coefficients are calculated. The heat transfer coefficients 

are also obtained using CFD methods and compared with 

analytical values.  

The Flow diagram of 2 pass Double Pipe Heat Exchanger 

as shows in Figure below 

 
     Fig.3:  Flow diagram of double pipe heat exchanger   

The CFD method follows the use of commercial software 

ANSYS FLUENT 15.0 to solving the problem. The solver 

in ANSYSFLUENT used a pressure correction based 

SIMPLE algorithm with 2nd order upwind scheme for 

discretizing the convective transport terms. The criteria for 

convergence dependent variables are specified as 0.001.   

In the present analysis, the analytical values of heat transfer 

coefficients are calculated. The heat transfer coefficients 

are also obtained using CFD methods and compared with 

analytical values.  

 

Model Calculations  

Model calculations were taken at 0.03% Nano fluid at 8 lpm 

hot fluid and 12 lpm cold fluid: 

  

     IV.RESULTS AND DISCUSSION  

 

A.Validation of Numerical Results  

Effect of Nusselt number on Reynolds number. Here 

Analytical relation taken by Sunder and Sharma [22] 

equation.  

 

 

 
Fig.5: shows that comparison of Numerical friction factor 

with Blasius correlation for pure water. 

From this illustration, it was observed that there is a closer 

agreement for simulation results with Analytical data is 

achieved. The figure shows comparison of friction factor values 

of Analytical and Simulation results at corresponding Reynolds 

numbers. It was observed that the friction factor values are closer 

to the values obtained by correlation by Sunder and Sharma.  

 

 

CONCLUSION 

In this work the hydrodynamics and thermal behavior of Double 

pipe 2 pass heat exchanger were studied. Pure water and its Nano 
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fluids (TiO2/Ethylene Glycol) were considered in pipe channel. 

A steady state computational fluid dynamics (CFD) models was 

simulated by ANSYS FLUENT 15.0.  

Conclusion of the present work can be summarized as 

follows.  

The heat transfer enhancement is observed that better in the 

turbulent region compared to that in the laminar region for 

all volume fractions considered in the analysis.  

There is a good agreement between the results gained from 

the simulation and analytical data. The maximum error was 

found that 10.56%.  

It is observed that according to simulation results there is a 

34.93% enhancement in heat transfer coefficient at 0.4% 

volume concentration of Nano fluid when compared to water 

at Reynolds number range of 9000 to 22,000.  

It is observed that there is a maximum friction-factor found 

that 1.34 times at 0.3% volume-concentration of 

TiO2/Ethylene Glycol Nano fluid at Reynolds number of 

10,833 when compared to water.  

The friction-factor is increased with the increase of volume 

concentration but it is observed that the friction-factor 

enhancement is less compared to the enhancement to the heat 

transfer for volume fraction considered in the analysis.  
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Abstract –          The present paper deals with input process 

parameter optimization in an extrusion process using 

DEFORM-3D software and Taguchi approach. Selection of 

process parameters in an extrusion process is a trivial task in 

order to minimize the power consumption as an objective 

function by using Aluminum alloy 2A12T4. The present 

research focuses on input process parameters including the 

shape of the work piece; half die angle, coefficient of friction, 

logarithmic strain, ram velocity and die length. The simulations 

are done by DFORM-3D software used for expecting minimum 

force attained in cold forward extrusion process. The results 

attained from DFORM-3D software has been comparing with 

analytical results. The results reveal that effective parameters 

have the significant influence on decreasing the minimum 

extrusion force.  

Keywords: DEFORM-3D, Taguchi, coefficient friction, 

effective stress, extrusion force. 

 

1. INTRODUCTION 

The extrusion is a metal forming process is considered by 

various important variables including cross-sectional area, 

half die angle, ram speed, frictional conditions, extrusion 

ratio, and material properties of the work piece. This process 

is an attractive production method in industry for its ability 

to achieve energy, material saving, quality improvement and 

development of homogeneous properties throughout 

component [1].Many industrial applications requires 

excellent capability from area of cross-section, aluminum is 

find an ideal material, because it has ability to extrude any 

shape. Aluminium and its alloys makes high strength-to-

weight ratio better than other materials. Now-a-days, in the 

manufacturing process the use of computer aided design 

gives more accuracy, reduces design time, improves 

tolerance and also decreases each stage of the process [2]. 

 

        In general for the curved sections, the conical extrusion 

dies have been preferred because it can be manufactured very 

easily. Noorni [3] found the effects of die profile on the cold 

extrusion of aluminum by experimentally and numerically. 

The deformation load was reduced, the metallurgical 

properties of the product and die life was improved by 

considering optimum die profile. The optimum die geometry 

was found by means of incremental slab method. The two 

types of optimized extrusion dies, namely curved and conical 

dies were used and compared. 
 

     Through conical converging dies Zimerman [4] analyzed 

the plastic zone in radial flow. The assumed boundaries have 

been generalized and the actual solution has been 

approached by selecting lowest possible upper bound and 

highest possible lower bound. The exact energy was obtained 

by selection of flow pattern through conical dies. A 

kinematically admissible velocity field has been 

built up for the process of extrusion through a 

wedge shaped die. This velocity field satisfies the 

asymptotic behavior of the real velocity field in the 

vicinity of maximum frictional surfaces [5]. 
 

     A new slab method was applied to three-dimensional 

problems in metal forming by Ghoschi [6]. In this analysis a 

parametric slab has considered and free balance on the slab 

was carried out to obtain equilibrium equations. The geometry 

of the final extruded shape, the die and the material flow region 

assumed in the formulation has been correlated with the 

parameters. The effect of reduction of area, frictional 

conditions and other process parameters on the extrusion 

pressure has been analyzed. Both experimental and theoretical 

results obtained have been validated. 

 
      The capabilities of the DEFORM system for the 

automatic mesh generation and re-meshing which is an 

essential feature for Industrial applications. The design of the 

complex cold forging process has been mainly achieved based 

on experience of trial and error. Development of the process 

simulation technology enables a designer to study and even 

optimize the cold forging process on a computer before actual 

tryout which reduces process design cost and time [7]. 

 

    3D FEM simulations are performed on Aluminum 

extrusion in order to determine state of stress, strain and the 

temperature of a commercial aluminum alloy sent through 

square and round dies. From the simulations, under the process 

conditions, the state of stress in the aluminum alloy extruded 

through round dies is more favorable than square die 

especially at reduction ratios. [8]. In addition to 3D FEM 

simulations of the extrusion die pocket on metal flow to yield 

two chevron profiles with unequal thicknesses through two 

hole dies. The predicted values of extrusion through various 

designs of pocket dies have been validated with the extrusion 

experiments. 3D FEM simulations were proven to be an 

efficient tool in optimizing the die design and decreasing the 

number of trial runs. 

 

                     The present research work is concerned 

with the effect of input process parameters on the extrusion 

force. Selection of input process parameters such as half die 

angle, extrusion ratio, length of the work piece, geometry of 

the cross- section, coefficient of friction, ram speed can 

significant load and energy saving, when this manufacturing 

process is employed.  Taguchi technique was used to 

determine minimum extrusion force, deform-3D software 

were used for simulations. 
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2. FORCE PREDICTION MODEL  

 

       In the present paper the solid forward extrusion process 

was consider to analyse the forces because the direction of 

the flow of metal is in the same direction of the direction of 

punch. The samples of  
Aluminum alloy 2A12T4 ingot taken as a billet material 

whose chemical composition is presented in table1. 

 

Table.1.Chemical composition of aluminum alloy 

2A12T4   

 

Element Composition (wt %) 

Si 0.45 

Mg 0.50 

Fe 0.22 

Cu 0.03 

Mn 0.03 

Ti 0.02 

Cr 0.03 

Al 98.72 

 

    The material of the billet was Aluminum modeled 

as a Von Mises elastic-plastic material with isotropic 

hardening. 

 According to Holloman, based on compression test 

the data for the flow stress curve has the following form 

[10]. 

𝜎 = 𝐶. ∅𝑛 

 

Where 𝜎 is the flow stress, C is constant, and n is strain 

hardening coefficient.  The following equation was taken 

from the reference [12] for mean flow stress. 

𝜎 = (570.558). ∅0.16 
 

     For the total forward extrusion force based on the 

literature known mathematical model. 
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3. MODELING AND SIMULATION OF COLD 

FORWARD EXTRUSION. 

 

    The die geometry, work piece and punch tool were 

designed in CATIA software. Figure 1. Shows assemble 

component of billet, die and punch having the billet diameter 

of 15mm and length 20mm with meshing before 

deformation. The die and punch were considered as a rigid 

material whereas the material of the billet was considered as 

plastic. Three die angles such as 30ᵒ, 45ᵒ, 60ᵒ; extrusion ratio 

1.2, 1.5,2 and coefficient of friction as 0.066, 0.7 were 

considered as input process parameters. The initial cross 

section of the billet was round. The billet, punch and die of 

varying dimensions were generated in CATIA and then 

transferred in the STL format to Deform-3D.  A four node 

tetrahedral element with the Lagrangian increment was 

applied. A finite element mesh is done automatically with 

number of nodes 1412, elements 5851 and surface polygons 

1556. The billet is permitted only finished conical 

converging die for different reductions and friction with 

constant die length. The material properties were selected 

from software data base for simulation. The Newton-

Raphson method was used for the solution of the non-linear 

simulation equations. The flow stress (𝜎)was a function of 

effective strain (𝜖)̅, effective strain rate,(∈̇̅)and 

temperature(T) in the isotropic rigid plastic model.       

       

     𝜎 = 𝜎(𝜖,̅ ∈̇̅T) ----------- (2) 

 

Figure 1. shows the initial geometry of the billet, 

punch and container/die also the billet with meshing. 

 
 

Fig.1. Initial geometry with billet, punch and container 
 

4. TAGUCHI APPROACH 

     To achieve more efficiency, Taguchi optimization 

method is used in the present. The results obtained by using 

DEFORM-3D software are set by the Taguchi approach. The 

key set up in the Taguchi optimization approach is the 

parameters design and to increase the more quality of the 

product without increasing the cost. The appropriate Taguchi 

three factorial with three level orthogonal array L18 with 

notations is designed for the experimental set up. In this 

approach, the simulation results are transformed into S/N 

ratios. The S/N ratio is calculated by the following equation: 
 𝑆

𝑁
=  = −10 log10 [

1

𝑛
∑ 𝑦𝑖

2𝑛
𝑖=1 ]------ (3) 

      Where   is called signal to-noise ratio. i.e. is (S/N), 

‘n’ is called number of repetitions of the experiment, and yi 

is the measured value of quality characteristic. Therefore, it 

is a minimization problem, the (S/N) ratio is calculated 

smaller is better which means minimization of the extrusion 

force. 

Figure 2 shows the change of S/N ratios of control 

parameters is changed from one value to another. By the 

response graphs presented, the setting of control parameters 

with best quality can be achieved. The determination of 

optimal design process parameters, estimation of quality 

characteristics and prediction of optimal design parameters 

can be achieved by Taguchi approach [11].   
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Fig 3.The response surface graph for =0.066. 

5. RESULTS AND DISCUSSION 

      Figure 4 and 5 shows post processor result 

analysis with a load stroke plot for run 340 and 240 run 

with extrusion ratio 1.2, coefficient of friction 0.066 and 

die angle 30o,having die length 20mm and billet diameter 

15mm combinational set. The figure also shows the 

maximum principal stress and velocity distribution across 

the billet at the various stages of extrusion process is 

presented.  

 
Fig 4.  Prediction of load-stroke plot and effective 

stress distribution from the post –processor analysis  

 

Table.2. 18 set of combination of parameters with 

output and also comparison 

COF ER DA() 

Force 

(Deform-

3D) 

Slab 

Analysis 

0.066 1.2 30 55100 51200 

0.066 1.2 45 63100 61147 

0.066 1.2 60 78400 76048 

0.066 1.5 30 90500 74551 

0.066 1.5 45 105000 89754 

0.066 1.5 60 145000 106450 

0.066 2 30 167000 111200 

0.066 2 45 192000 126740 

0.066 2 60 205000 145020 

0.7 1.2 30 89230 69197 

0.7 1.2 45 91600 80510 

0.7 1.2 60 104000 98437 

0.7 1.5 30 185000 128740 

0.7 1.5 45 191000 136670 

0.7 1.5 60 205000 160640 

0.7 2 30 295000 209520 

0.7 2 45 305000 211880 

0.7 2 60 345600 243330 

 

 
Fig 2.S/N graphs for control parameters 

 

 

 

Fig 5.  Effective stress distribution from the post  

processor analysis   

 
 Fig.6.The velocity distribution across the die profile 

    From figure 6, it is clearly observed that there is no dead 

metal zone formation by using the conical die profile. Therefore, 

when there is no dead metal zone means there is no extra energy 
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consumption to overcome redundant work which only 

minimizing the minimum extrusion load requirement.  

 
Fig 7.Comparision of analytical and simulation results 

Figure 7 shows the comparison among the analytical 

method and simulation. It is observed that, deform results are 

well matched with analytical method. When the die angle 

increases, the extrusion pressure also increases because large 

area of contact. 

6. CONCLUSION 
      Extrusion force is one of the most important 

specifications in extrusion process. Therefore, the study of 

this parameter is of utmost importance. This work addresses 

the selection of process parameters in an extrusion process to 

minimize the power consumption. Aluminum alloy 2A12T4 of 

extrusion has been used to evaluate the effect of various 

parameter settings. The results obtained from DFORM-3D 

software compared with analytical results. The parameters 

extrusion ratio, coefficient of friction and die angle have the 

maximum significance in reducing the extrusion force.  

 In the next case, Taguchi is used to determine the 

optimal values of input process parameters to achieve the 

minimum extrusion force. The optimal process parameters 

for extrusion force are die angle 45o, extrusion ratio 1.2 and 

coefficient of friction 0.066. 

REFERENCES 

 
1. K. Karayel; Simulation of direct extrusion process and optimal 

design of technology parameters using FEM and artificial neural 

networks, key engineering materials. 2008.367:185-192. 

2. UK Aluminum Industry Fact Sheet 9: Aluminum Extrusions. 

www.alfed.org.uk. 

3.    Noorani-Azad,        M.Bakshi- Jooybari, M. Hosseinipou, S.J. 

Gorji,  A Experimental and numerical study of optimal die profile 

in cold forward rod extrusion of aluminum , Journal of Material 

Processing Technology 2005, 164-165,1572-1577. 

4. Zimerman, B.Avitzar, Metal flow through conical converging 

dies- A lower and Upper Bound Approach using Generalized 

Boundaries of the Plastic zone ,Journal of Engineering for Industry 

1970,(119-129) 

5. Sergei Alexandrov, Yusof Mustafa, Yeong-Maw-Hwang and 

Elena Lyanima, An accurate Upper Bound solution for strain 

Extrusion through a Wedge –Shaped Die. The Scientific World 

Journal Volume 2014, Article ID 189070. 

6. A. Samadi Ghoshchi, S.M.Bazargani and S.Emani, Slab method 

of Analysis for three Dimensional Forward Extrusion of Squared 

End Section , 10th Biennai Conference on Engineering Systems 

Design and Analysis ,ASME 2010, Volume 4(491-495) 

7. S.I. Oh,W.T.Wu and J.P.Tang, Simulations of cold forging 

processes by the Deform system,Journal of Materials Processing 

Technology 1992,Volume 35(357-370). 

8. T.Chandra.J.Zhou. J.Duszczyk, FEM Analysis of Aluminum 

extrusion through square and round dies, Materials and Design 

2000, Volume 21(323-335). 

9. G.Fang, J.Zhou and J. Duszczyk. FEM Simulation of 

Aluminum extrusion through two hole Multi-Step pocket dies, 

Journal of Materials Processing Technology 2008, Volume 

209,(1891-1900). 

10. Lange, K. Handbook of metal forming, 1985, McGraw-Hill, 

New York. 

11. W.H.Yang; Tang Y.S. Design optimation of cutting 

parameters for turning operations based on the Taguchi method, 

Journal of Materials Processing Technology 1998, vol 84, 122-

129.  

12.  A. Hosseini, Kh. Farhangdoost, M. Manoochehri Modelling 

of extrusion process and application of Taguchi method and 

ANOVA analysis for optimization the parameters. ISSN 1392 - 

1207. MECHANIKA. 2012 Volume 18(3): 301-305. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.alfed.org.uk/


Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

  

 

91 

 

Importance of Ice Jet machining - A Review 
Penugonda Sundara Krishna  and Mrs. I.Sri Phani Sushma  

Departement of Mechanical Engineering, University College of Engineering JNTUK Narasaraopet, Andhra Pradesh, India 

Abstract— Ice jet technology also known as Ice Abrasive 

Water Jet (IAWJ) machining is one of the machining process 

for removal of work piece material and is a prototype 

technology currently under development. In IAWJ technology 

ice particles made from water are used instead of mineral 

abrasive. The aim is to increase the productivity of pure water 

jet (WJ) while keeping its advantages, producing no other waste 

product but water. Although the use of Abrasive Water Jet 

(AWJ) technology in cutting, cleaning, machining and surface 

processing is a very successful industrial process, a considerable 

amount of secondary particle waste and contamination 

impingement by abrasive materials has been an important issue 

in AWJ process and this was overcoming by this process. This 

review paper mainly focusses on generation of ice particle, 

advantages, disadvantages, applications of this process 

Keywords— IAWJ machining; Ice Jet; Ice abrasive; Ice 

particles. 

I. INTRODUCTION  

Actually, there are several limitations for traditional 
machining process, because of which it is very difficult to 
machining some materials. Here this Ice jet machining 
process is a type of unconventional machining process which 
uses ice as abrasive particles for machining. Abrasive water 
jet (AWJ) machining process uses a high-speed water jet for 
acceleration of very hard abrasive grains, enabling the 
removal of work piece material. The high-speed waterjet is 
generated by pushing the water under high pressure, up to 600 
MPa, through the water nozzle of a small diameter (from 0.08 
mm to 0.4 mm) where the potential energy is transformed to 
kinetic energy, achieving supersonic speeds of the formed 
water jet. The process is universal as it is possible to machine 
almost any kind of material regardless of its composition, 
structure, hardness or other physical properties. This makes it 
possible to machine different materials that cannot be 
machined by traditional machining processes. AWJ 
machining technology has received considerable attention 
from several domains of production industry due to this 
competitive advantage. 

     In AWJ machining, the quantity of waste abrasive 
material   produced is huge compared to the quantity of 
removed workpiece material. Handling of this sludge is 
usually not critical since abrasive material is non-toxic, but in 
e.g., disintegration of nuclear power plants the quantity of 
sludge plays an important role. Ice abrasive water jet (IAWJ) 
technology, also named Ice Jet, uses ice grains that melt away 
after the machining instead of mineral abrasive. The 
technology also has a great potential in both food and medical 
industries for applications. It is expected that the machining 
capability of IAWJ technology will be between pure WJ and 
AWJ technology [1] 

In abrasive water jet cutting the water jet contains abrasive 
particles such as silicon carbide (SiC) or aluminium oxide 
(Al2O3) to increase the material removal rate when compared 
to water jet machining. By using this technique, hard brittle 
materials such as ceramics, metals and glass and also soft 
materials such as foam and rubbers can be cut. But, the major 

disadvantages of this method are high capital cost and high 
noise levels during operation. [2]. Another advantage of the 
water jet is the ability to cut material without interfering with 
its inherent structure, as there is no heat-affected zone (HAZ). 
Minimizing the effects of heat allows metals to be cut without 
harming or changing intrinsic properties [3, 4] 

II. HISTORY OF ICE JET MACHINING PROCESS 

The first experimental researching done on Ice Jet 

technology dates back to 1982, when the first ice particles 

were created by mechanical crushing of bigger ice particles. 

Galecki and Vickers performed surface cleaning and 

abrading with an ice-blasting technique. The ice particles 

were produced by refrigeration of 3 cm blocks, which were 

then transferred to a container of liquid nitrogen where the 

ice cubes were further cooled, and finally transferred to a 

mechanical crusher where those were crushed and 

subsequently entrained into a nozzle. 

Also in 1982, Krzysztof et al. showed that one of the most 

promising applications for ice particles is the cleaning 

technology. Water ice is readily available, inexpensive 

material, which can be used as a green manufacturing tool. 

Only water, electricity and refrigerant are needed for the 

fabrication of this tool, which can be produced just in time. 

The use of ice tools might practically prevent pollution and 

eliminate work piece contamination. 

 Since then, several researchers have developed equipment 

for producing ice particles, mainly for cleaning polishing and 

surface decontaminating purposes. Newer research works 

and show that ice particles can be used for water jet 

applications such as cleaning, degreasing and cutting. 

Anyway, the process productivity is less than when using 

mineral abrasive particles [5]. Generally, ice is even 

preferred for other super finishing process such as dry ice 

deburring process, dry ice blasting process 

 Dry Ice Deburring Process 

 Removal of burrs from edges and holes. 

 Where burrs could not be removed with any other means like 

filing or grinding. 

  Dry Ice blasting process 

 Used for cleaning purpose 

 Cleaning of engine block can be done with ice blasting 

process effectively 

III. GENERATION OF ICE PARTICLES 

There are two approaches to generate ice particles [1] 

  

1. Generating the ice in a generator before mixing it to the 

water jet. 

2. Forming ice particles during water jet formation by 

introducing a cooling gas like liquid nitrogen 

 

3.1 Using Ice Generator: 
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This figure shows ice generation by introducing the liquid 
nitrogen to the atomized water droplets. 

 

 
Fig-1 ice generation system using ice generator [6] 

 Here in fig-1 ice particles are generated in a 

separate collector and temperature of the liquid nitrogen is -

196 C. Here   liquid nitrogen (N2) is a cryogenic liquid as the 

water comes into contact with liquid nitrogen it is converted 

into ice particles. It is collected into the storage tank and 

additionally cooled. When it is required, this is sent to jetting 

head where it is supplied under pressurized water to get 

material be machined 

 

3.2 By introducing cryogenic gas to water jet: 

  

 
               Fig-2 Ice formation directly on jetting head [6] 

  Here in the fig- 2 cryogenic gas i.e., liquid 

Nitrogen is directly introduced to the jet of the ice. Due to 

low temperature of the LN, ice particles are formed into the 

jet of ice. But compressor, nozzle, atomizer is same in both 

process. 

IV. REQUIRED SPECIFICATIONS 

• Water Pressure: 50 to 700 MPa (for harder 

materials: 700 MPa & for softer materials: 50 

MPa 

• The ultrasonic atomizer used in the ice particle 

generator can produce uniform water droplets of 

45 to 90 microns and 2 ltr/hr to 12 ltr/hr. 

• Water nozzle diameter:0.1mm to 0.3mm 

• Speed of water jet:500 to 900 m/s 

• No heat affected zones. 

• Treatment of all kind of materials. 

V. COST ANALYSIS FOR AWJ, WJ AND IJM 

 
Table-1 comparison of costs of various process 

Here table-1 provides the detailed analysis of ice 

jet machining (IJM) with abrasive water jet machining 

and water jet machining. There is no abrasive cost in IJM 

as water is natural resource. There would be additional 

cost for liquid nitrogen (N2) - cryogenic liquid compared 

with remaining processes. Remaining factors are same 

for all process. Compared with remaining processes this 

process (IWJ) is high 

VI. ADVANTAGES AND DISADVANTAGES OF 

ICE JET MACHINING PROCESS 

 

6.1 Advantages: 

• As the hardness of ice is less than that of the 

abrasives used in conventional AWJ, IJ may not 

be as highly productive as AWJ. However, cost 

reduction and elimination of the negative 

environmental effects could overweigh the 

reduction in productivity [7]. 

• We can reuse the water as it is free from 

contaminations 

• Ice Jet process is an environmentally friendly 

process which makes worth its value. 

• Uses natural resources 

• It has 40% more MRR compared with water jet 

manufacturing 

• Also, solid waste is produced in the AWJ 

technology and it pollutes the environment [8]. 

• Heat affected zone (HAZ) is generally with 

metals where the cutting process will generate 

enough heat to change the mechanical properties 

of the metal, essentially locally heat treating the 

material at and nearby the cutting area. Water jet 

does not get near hot enough to create a heat 

affected zone [9] 

6.2 Disadvantages 

• Injection of ice particles in to the water jet it is not 

a complicated task but it requires continuous 

monitoring of the process to control the 

temperatures in order to avoid clogging and melting 
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of the ice particles.  However, this can be automated 

[10] 

• Cost of this process is very high compared with 

other process 

• We should safe with liquid nitrogen (N2) 

VII. APPLICATIONS OF ICE JET MACHINING 

PROCESS 

 

 

7.1 Food industry:  

To cut meat this process is widely used    as 

contamination is very negligible. 

7.2 Medical industry: 

Surgical device handles and stents, maintaining product 

quality and clean manufacturing equipment is important, 

keeping micro-cavities clean, as well as cleaning the small, 

deep, and complex geometry of micro-tools, is a critical 

concern when manufacturing very high tolerance medical 

device parts. 

VIII. CONCLUSIONS 

This ice jet machining process is an unconventional process 

which was used as a machining and as a super finishing 

process. The feasibility of the use of ice particles as a 

pollution free machining tool was demonstrated. It might 

therefore be applicable in the primary cutting of carcasses 

(meat and bone) in abattoirs. The process might also have 

use in the cutting of frozen and soft foods. These enhanced 

hygienically beneficial effects can be achieved at far lower 

water pressures than are required in the cutting of common 

engineering materials. Soft food products should be 

undamaged by ice-jet cutting. The cutting of human and 

other tissues by non-traditional abrasives included in water-

jet processes also becomes relevant. 

This emerging technology includes precision cleaning of 

highly delicate and complex mechanical, electronic and 

biomedical components. A low cost of ice-air cleaning will 

enable us to use it for processing large surfaces at a high rate. 

Still another application involves cleaning of sensitive 

facilities such as lining of pharmaceutical or food processing 

reactors, aircraft skin, etc. Cleaning of discarded parts for 

reuse or recycling constitutes another potential application 

[10]  

A disadvantage of WJC is the high capital cost of the 

equipment. The highest cost is that of an intensifier pump 

with high power requirements. Whether lower pressures 

needed for softer biomaterials reduce this cost and it is still 

has to be established [11] 
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Abstract— Now a days, Thermoelectric cooling systems are 

used in more applications due to their advantages over 

conventional cooling devices, such as compact in size, light in 

weight, high reliability, no mechanical moving parts and no 

working fluid. Thermoelectric (TE) technology is regarded as 

alternative and environmentally friendly technology for 

harvesting and recovering heat which is directly converted into 

electrical energy using thermoelectric generators (TEG). 

Conversely, Peltier coolers and heaters are utilized to convert 

electrical energy into heat energy for cooling and heating 

purposes. A thermoelectric (TE) cooler, sometimes called a 

thermoelectric module or Peltier cooler, is a semiconductor- 

based electronic component that functions as a small heat pump. 

By applying a low voltage DC power source to a TE module, heat 

will be moved through the module from one side to the other. 

One module face, therefore, will be cooled while the opposite 

face simultaneously is heated. 

In this work, we did investigation on performance of 

Thermoelectric cooler by installing it in a Industrial Helmet. 
 

Keywords— Peltier effect, Thermoelectric Module, Industrial 

Helmet 

I. INTRODUCTION 

Thermoelectric coolers (TEC), also known as Peltier 
Coolers are solid state heat pumps that utilize the Peltier effect 
to move heat. The principle of thermoelectric cooling dates back 
to the discovery of the Peltier effect by Jean Peltier in 1834. 
Peltier observed that when electric current passes across the two 
junctions of two dissimilar conductors (a thermocouple) there 
was a heating effect that could not be explained by Joule heating 
alone. Infect, the direction of current decides the cooling effect 
or heating effect. This effect can be harnessed to transfer heat, 
creating a heater or cooler. Peltier could not realize the 
importance of this phenomenon and the other scientists also 
could not utilize this phenomenon till late 20th century. 
Thermoelectric technology, as one entirely solid state energy 
conversion way, can directly transform thermal energy in to 
electricity and vice-versa by using thermoelectric 
transformation materials. A thermoelectric TEC has no moving 
parts, and is compact, quiet, highly reliable and environment 
friendly. Due to these merits, this technology is presently 
becoming a noticeable research direction. 

There are three types of thermoelectric effects: The Seebeck 
effect, the Peltier effect, the Thomson effect. From these three 
effects, Peltier cooler works on the Peltier effect; which states 
that when voltage is applied across two junctions of dissimilar 
electrical conductors, heat is absorbed from one junction and 
heat is rejected at another junction.    

 

LITERATURE REVIEW 

A. Performance Investigation 

The novel concept of thermoelectric self-cooling introduced 
as a cooling and temperature control of a device using 
thermoelectric technology without electricity consumption was 
studied by Martínez et al., 2011. Various theoretical and 
experimental studies have been reported to evaluate and 
enhance the utility of thermoelectric coolers. The performance 
of a thermoelectric air cooling module for electronic device was 
studied by Chang et al., 2009. It was shown that at a specific 
heat load, the thermoelectric cooling module reaches the best 
cooling performance at an optimum input current. An 
experimental investigation using a Peltier thermoelectric cooler 
to cool down a cryoprobe for cryosurgery was performed by 
Putra et al., 2010. Two prototypes of cryosurgery devices 
consisting of 5 to 6 stages of TEC modules were analyzed using 
a variety of electrical voltages. A model of thermoelectric 
generator driven thermoelectric refrigerator with external heat 
transfer was probed. The influence of the external and internal 
irreversibilities of the thermoelectric refrigeration device on the 
performance of the system was analyzed (Chen et al., 2011, Pan 
et al., 2007). 

B. Recent Developments in Thermoelectrics 

Thermal resistance models extensively adopted in the 
previous two stage thermoelectric cooler studies could not 
predict the two-stage thermoelectric cooler performance 
accurately because they assume the one-dimensional 
temperature distribution and constant material properties. The 
results also show that the thermoelectric element number on the 
hot stage should be larger than that on the cold stage for 
improving the cooling capacity and COP. It was also reported 
that the performance can be improved by applying the different 
amount of current in two stages. Wang et al (2014). Geometric 
design of an integrated thermoelectric generation-cooling 
system was performed numerically by Chen et al. (2014) using 
a finite element method. In the system, a thermoelectric cooler 
(TEC) was powered directly by a thermoelectric generator 
(TEG). Two different boundary conditions in association with 
the effects of contact resistance and heat convection on system 
performance were taken into account. 

II. THEORY 

The thermoelectric effect is the direct conversion of 
temperature differences to electric voltage and vice versa. A 
thermoelectric device creates voltage when there is a different 
temperature on each side. Conversely, when a voltage is applied 
to it, it creates a temperature difference. At the atomic scale, an 
applied temperature gradient causes charge carriers in the 
material to diffuse from the hot side to the cold side. The term 
"thermoelectric effect" encompasses three separately identified 
effects: Seebeck effect, Peltier effect, and Thomson effect. 
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A. Seebeck Effect 

The Seebeck effect is the conversion of heat directly into 
electricity at the junction of dissimilar electrical conductors. It 
is named for the Baltic German physicist Thomas Johann 
Seebeck. 

The Seebeck EMF, can be expressed as 

Eout=α (Th-Tc) 
B. Peltier Effect 

Peltier found there was an opposite phenomenon to the 
Seebeck Effect, whereby thermal energy could be absorbed at 
one dissimilar metal junction and discharged at the other 
junction when an electric current flowed within the closed 
circuit. 

 

Fig. 2 Peltier effect 

The Peltier effect can be expressed mathematically as 

QC or QH = β X I = (α T) X I 

C. Thomson Effect 

As per the Thomson effect, when an electric current is 
passed through a conductor having a temperature gradient over 
its length, heat will be either absorbed by or expelled from the 
conductor. Whether heat is absorbed or expelled depends on the 
direction of both the electric current and temperature gradient. 
This phenomenon is known as the Thomson Effect. 

Choosing materials 

The best thermoelectric materials currently available, 

compounds of doped Bi2Te3, have ZT≈1 at room temperature 

and attain maximum temperature differential of 

≈82K. Some of the commonly used conventional 
thermoelectric materials are as follows: 

 Bi2Te3, Bi2Se3 and Sb2Te3 ; ZnSb, PbTe and PbSe 

Bi2Te3, this compound has been extensively used in the 
construction of thermoelectric modules. The performance of 
these modules has steadily improved, since the original 

observations, due to a number of factors. The thermoelectric 

figure of merit has increased from the order of 0.5 to values 

significantly greater than one. 

III. WORKING AND FABRICATION 

The Peltier effect occurs whenever electrical current flows 
through two dissimilar conductors; depending on the direction 
of current flow, the junction of the two conductors will either 
absorb or release heat. In the world of thermoelectric 
technology, semiconductors (usually Bismuth Telluride) are the 
material of choice for producing the Peltier effect because they 
can be more easily optimized for pumping heat. Using this type 
of material, a Peltier device (i.e., thermoelectric module) can be 
constructed in its simplest form around a single semiconductor 
“pellet” which is soldered to electrically-conductive material on 
each end (usually plated copper). In this configuration, the 
second dissimilar material required for the Peltier effect, is 
actually the copper connection paths to the power supply. [10] It 
is important to note that the heat will be moved in the direction 
of charge carrier movement throughout the circuit (actually, it 
is the charge carriers that transfer the heat). 

When the two ends of two dissimilar conductors are 
connected to a battery, electrons flow out of one in which the 
electrons are loosely bound to the one in which the electrons are 
tightly bound. This occurs due to the deference in the Fermi 
level between the conductors. The Fermi level represents the 
demarcation in energy within the conduction band of a metal, 
between the energy level occupied and unoccupied energy 
levels. When the two different conductors are joined which have 
different Fermi levels, electron start flowing from the conductor 
with higher level to the other one. This flow continues till the 
electrostatic potential bridges this gap and the two Fermi levels 
come at the same value. Current passing across the junction 
results in either a forward or a reverse bias, resulting in 
temperature gradient. If the temperature of the hotter junction is 
kept low by removing the heat, the temperature of the cold plate 
can be cooled by tens of degrees. 

A. Fabrication of Peltier cooler 

As we have seen in previous section, for producing 
thermoelectric effect couples of P and N type semiconductors 
are connected in series by metal plates. By doing this it absorbs 
the heat from one side and releases the heat to another side. 

So, when solid state P-N materials are connected electrically 
in series and thermally in parallel it makes one thermoelectric 
unit as shown in Figure 4. 

A typical TEC module comprises of two highly thermally 
conductive substrates (A12O3, AlN, BeO) that serve as Hot/Cold 

plates. An array of p-type and n-type semiconductor (Bi2Te3, 

Sb2Te3, Bi2Se3, PbTe, Si-Ge) pellets are connected electrically 
in series sandwiched between the substrates. The device is 
normally attached to the cold side of the TEC module, and a heat 
sink which is required for enhanced heat dissipation is attached 
to the hot side. Solder is normally used to connect the TEC 
elements onto the conducting pads of the substrates, the 
component will run as per the efficiency of the thermoelectric 
module. 

D. Governing Equations and performance parameters 

1) Cooling power: 

The cooling capacity Q1 results from the energy balance at 
the cold side of the thermoelectric refrigerator. 
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1 

The expression for cooling power is 

Q1= (αp-αn) IT1-(T2-T1)*(Kp+Kn)-[I
2(Rp+Rn)/2] 

2) Power consumed: 
The electrical power consumption W in the thermo element 

is the Joule resistance heating plus the power used to create the 
temperature difference ΔT by applying Peltier voltage  

B. Components and Their Specifications 

A complete thermoelectric cooling system comprises the 
Peltier element and heat sink assembly, temperature sensors to 
monitor the hot and cold plates and a controller unit to ensure 
the correct current is supplied to maintain the desired 
temperature difference across the module. The specifications of 
Peltier module used are 

 Model: TEC1-12706 

 Voltage: 12V 

 U max (V): 15V 

 Max Current (A): 4-4.6A 

 Cooling Power: Qc max 50-60W 

 Resistance: 2.1-2.4Ω 

 Δ T max(Qc=0): up to 670C 

 Operates Temperature: -550C to 830C 

 Dimensions: 40mm x 40mm x 3.75mm 

(L*W*T) 

C. Procedure of assembling parts 

We all know an industrial helmet and its design; we have to 
select the area to mount the thermoelectric cooler on the helmet. 
Mark the top of the helmet and cut the marked part of the 
helmet. 

The thermoelectric module components should be ensure 
whether it worked correctly or not and the module requires two 
heat sink and two fans and one thermoelectric cooler. All the 
components should be arranged in the format, the cool side of 
the thermoelectric cooler is faced to the bottom and heat side is 
faced to the top side. The design structure of the thermoelectric 
cooler is placed inside the helmet and giving the connection of 

battery                                     W= (αp-αn).I.(T2-T1)+I2.(Rp+Rn) 

3) Coefficient of performance (COP): 

The coefficient of performance COP is the ratio 

between the cooling capacity Q1 and the electrical power 

consumption W, 

COP=Q1/W 

4) Maximum cooling power: 

Referring equation for cooling power, 

Q1= (αp-αn) IT1-(T2-T1)*(Kp+Kn)-[I
2(Rp+Rn)/2] 

As the current is increased, the Peltier cooling rises 
linearly but the Joule heating depends on I2. Thus, a plot of 
cooling power against current has the parabolic form shown in 
Figure 6.The cooling power is negative until the Peltier effect 
is great enough to counteract both heat conduction and Joule 
heating. As the current increased, Peltier effect increases and 
after some value Peltier effect will be more that sum of heat 
conduction and joule heating. So, cooling power will become 
positive at a certain value of the current. However, as the 
current is increased further, there will come a point at which 
the difference between the Peltier cooling and the Joule heating 
begins to diminish. In other words, there is a particular current 

at which the cooling power reaches its maximum value. To find 

the maximum cooling power, differentiating Q1, with respect to 
I and equating it to 0, 

dQ1/dI =0 

Value of maximum cooling power, corresponding to Imax, 

Qmax= [(α2*T 2)/2R]-K*(T2-T1) 

5) Figure of merit 

We can see from the above equations of Qmax and COPmax 

that, it solely depend on Z and the temperatures of the source 

and sink. So, Z is known as the figure of merit for thermocouple. 
Z has the dimensions of inverse temperature and it is more usual 

nowadays to specify the dimensionless figure of merit, which is 

equal to ZTm at a mean temperature Tm. 

Z = α2/R.K and ZTmean= (α2.Tmean)/R.K  

Here, R is the electrical resistance. 

In practice, ZT represents the efficiency of the N-type 
and P-type materials which compose a thermo element. A 
thermoelectric material having a higher figure of merit ZT is 
more convenient, as it can carry out higher cooling power. 

V RESULTS AND DISCUSSION 

The variation of temperatures at the hot side and cold side 
of the heat exchanger as well as the room temperature over 
operating period of 8 hours, it is worth observing that the 
temperature drops from 340C to 28.20C only after 15 minutes. 
The ambient temperature attains its stable value till the end of 
operating hours. The achievement of ambient temperature of 
240C is most probably controlled by the surrounding condition 
like air conditioning system, good building envelope of the 
laboratory, and the location of the laboratory which minimizes 
the exposure of the experiment room to the sunlight. On the other 
hand, the cold side temperature drops drastically from 250C to 
23.280C in 480 minutes. It maintains nearly constant till the end 
of operating hour. By contrast, the temperature of the hot side of 
heat exchanger is found to be decreased from 32.30C to 26.70C, 
its lowest temperature after operating in 480 minutes. Its 
temperature will be then increased slightly and fluctuates 
between 290C and 300C. The relatively high temperature of the 
hot side location is due to the heat released by the heat 
exchanger. This is because the heat exchanger of thermoelectric 
refrigerator acts as a solid-state active heat pump which transfers 
heat from the cabinet (cold side) to its hot side against the 
temperature gradient with consumption of electrical energy. This 
working mechanism is called as thermoelectric effect. 

 

VI CONCLUSION 

With near exhaustion of fossil fuel resources coupled with 
desire to reduce global warming, it has become increasingly 
necessary to exploit alternative and renewable energy sources to 
diversify the energy supply. Thermoelectric (TE) devices are 
regarded as alternative and environmental friendly technology 
for harvesting and recovering heat which is directly converted 
into electrical energy. A notable use of TEG/TEC devices to 
recover heat energy from, geothermal, biomass, infra-red 
radiation have been observed in addition to the primary use of 
TE devices for waste heat recovery. Nevertheless, the main 
challenge remains in de- signing and optimizing advanced TE 
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materials with appropriate values of ZT and power factor, 
calling for more research work into TE technology. 
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Abstract— Braking system represents one of the most 

fundamental safety critical components in modern 

vehicles.Brake absorbs kinetic energy of the rotating parts 

(wheels) and the energy is dissipated in the form of heat energy 

to the surrounding atmosphere. Disc (Rotor) brakes are 

exposed to large stresses during routine braking and 

extraordinary thermal stresses during hard braking. The aim 

of the project is to model a disc. Modeling is done using ANSYS 

design modeler. Structural and Thermal analysis is to be done 

on the disc brakes using three materials i.e. cast iron, aluminum 

alloy and carbon fiber. Structural analysis is done on the disc 

brake to validate the strength of the disc brake and thermal 

analysis is done to analyze the thermal properties. Comparison 

can be done for deformation, stresses, temperature from the 

three materials to check which material is best. ANSYS is 

general-purpose finite element analysis (FEA) software 

package. Finite Element Analysis is a numerical method of 

deconstructing a complex system into very small pieces called 

elements. 

Keywords— Disc brake, ANSYS, FEA (Finite element 

analysis 

I. INTRODUCTION (HEADING 1) 

DISC BRAKE: 

A disc brake consists of a cast iron disc bolted to the wheel 
hub and a stationary housing called calliper. The calliper is 
connected to some stationary part of the vehicle like the axle 
casing or the stub axle as is cast  in two parts each part 
containing a piston. In between each piston and the disc there 
is a friction pad held in position by retaining pins, spring 
plates etc. passages are drilled in the calliper for the fluid to 
enter or leave each housing. The passages are also connected 
to another one for bleeding. Each cylinder contains rubber-
sealing ring between the cylinder and piston. A schematic 
diagram is shown in the figure 1.1. The main components of 
the disc brake are: The Brake Pads The Calliper which 
contains the piston The Rotor, which is mounted to the hub 
When the brakes are applied, hydraulically actuated pistons 
move the friction pads in to contact with the rotating disc, 
applying equal and opposite forces on the disc. Due to the 
friction in between disc and pad surfaces, the kinetic energy 
of the rotating wheel is converted into heat, by which vehicle 
is to stop after a certain distance. On releasing the brakes the 
brakes the rubber-sealing ring acts as return spring and retract 
the pistons and the friction. 

During the braking action, the kinetic energy developed at 
the wheel is translated into heat energy, which doesn’t break 
up fast profusion into the air stream from the brake to the 
brake disk, as a result, the thermal conductivity plays a 
significant role in handling such heat generated. 

 

II. MATERIAL PROPERTIES 

Disc brakes are made up of various materials. The 
materials  used  for  this analysis are  Cast  Iron, Aluminium  
Alloy  and Carbon Fiber. Their properties are shown below. 

Properties Cast 

Iron 

Aluminum 

Alloy 

Carbon 

Fiber 

Density 7100 

kg/m3 

2770 

kg/m3 

1800 

kg/m3 

Young’s 

modulus 

125 

Gpa 

71 Gpa 395 Gpa 

Thermal 

Conductivity 

54.5 

W/m k 

150W/m k 25W/mk 

Specific 

Heat 

586 

J/kg 

Co 

  

Compressive 

Strength 

820 

Mpa 

280 Mpa 869Mpa 

Poisons 

Ratio 

0.28 0.33 0.2 

III. DESIGN AND CALCULATIONS 

Automobile model: Maruti Suzuki Swift 

 

 

 

 

 

ITEM VALUE 

Disc diameter 250 mm 

 

Disc Thickness 20 mm 

 

Weight of Automobile 1335 kg 

 

Top Speed 165 km/h 

 

Tyre Radius 15 inches 

 

Effective Radius Of Rotor 100 mm 

 

Mass of Disc 3.87 kg 

Angular Velocity 60 rad/sec 

Specific Heat 554 J/kg Co 
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IV. METHODOLOGY 

A. Modelling of disc ANSYS 

The modelling of disc is done is ANSYS design modeller 

as per the dimensions of the disc rotor of Maruti Suzuki 

swift. The modelled disc is shown below: 

 Poly-line 

 Revolve 

 Extrude 
 Pattern 

 Face split 

 Circle 

 Rectangle etc 

 

B. Meshing: 

The disc is meshed with the 6 node 
tetrahedral element as shown below for both 
structural and thermal analysis.For meshing 
select the geometry and click on generate mesh 
with required element.The number of elements 
used for the mesh are 5021 and the number of 
nodes are 2572. 

C. Loading and boundary conditions 

For thermal analysis a temperature of 66 
degrees is applied on the face of the disc and air 
convection is applied on the other faces. For 
structural analysis a force of 12203N is applied 
on the disc. 

The following commands are used for 
modelling of disc face and fixed support is given 
at the bolt holes. Along with this a rotational 
velocity of 60 rad /sec is also applied on the disc. 
The applied boundary conditions and loading are 
shown below 

 

 

 

 

 
 

 

 
 

V. RESULTS AND ANALYSIS: 

CAST IRON 
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CARBON FIBER 

 

 
 

VI. CONCLUSION 

 

It can be observed that from the above results the 

deformation and stresses are less in carbon fiber material. 

So carbon fiber material will be best suited as disc brake 

material. 

 

NOMENCLATURE 
E =Energy of the vehicle  

M =Mass of Vehicle  

m =Mass of rotor 

I =Moment of inertia  

W =Angular velocity  

µ =Coefficient of friction 

Rf  =Effective radius of the disc  

F =Force on the disc  

P =Pressure on the disc  

C =Specific heat of material 
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Abstract— Each single system has been studied and developed 

in order to meet safety requirement. Instead of having air bag, 

good suspension systems, good handling and safe cornering, 

there is one most critical system in the vehicle which is brake 

systems. Without brake system in the vehicle will put a 

passenger in unsafe position. Therefore, it is must for all 

vehicles to have proper brake system. In this paper carbon 

ceramic matrix disc brake material use for calculating normal 

force, shear force and piston force. And also calculating the 

brake distance of disc brake. The standard disc brake two 

wheelers model using in Ansys and done the Thermal analysis 

and Modal analysis also calculate the deflection and Heat flux, 

Temperature of disc brake model. This is important to 

understand action force and friction force on the disc brake new 

material, how disc brake works more efficiently, which can help 

to reduce the accident that may happen in each day. 

Keywords— Disc Brake, Thermal Analysis, Modal Analysis, 

Ansys 

 

I. INTRODUCTION 

The disc brake is a wheel brake which slows rotation of 

the wheel by the friction caused by pushing brake pads 

against a brake disc with a set of callipers. The brake disc (or 

rotor in American English) is usually made of cast iron, but 

may in some cases be made of composites such as reinforced 

carbon– carbon or ceramic matrix composites. This is 

connected to the wheel and/or the axle. To stop the wheel, 

friction material in the form of brake pads, mounted on a 

device called a brake calliper, is forced mechanically, 

hydraulically, pneumatically or electromagnetically against 

both sides of the disc. Friction causes the disc and attached 

wheel to slow or stop. Brakes convert motion to heat, and if 

the brakes get too hot, they become less effective, a 

phenomenon known as brake fade. 

Disc-style brakes development and use began in 

England in the 1890s. The first calliper-type automobile disc 

brake was patented by Frederick William Lanchester in his 

Birmingham, UK factory in 1902 and used successfully on 

Lanchester cars. Compared to drum brakes, disc brakes offer 

better stopping performance, because the disc is more readily 

cooled. A disc brake consists of a cast iron disc bolted to the 

wheel hub and a stationary housing called calliper. The 

calliper is connected to some stationary part of the vehicle 

like the axle casing or the stub axle as is cast in two parts 

each part containing a piston. In between each piston and the 

disc there is a friction pad held in position by retaining pins, 

spring plates etc. passages are drilled in the calliper for the 

fluid to enter or leave each housing. The passages are also 

connected to another one for bleeding. Each cylinder 

contains rubber-sealing ring between 

 

 The cylinder and piston. A schematic diagram is shown in 

the figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 Disc Brake 

 

II. PROBLEM OCCURRED IN DISC BRAKE 

Discs are made up mainly gray cast iron, so discs 

are damaged in one of three ways: scarring, cracking, 

warping or excessive rusting. Service shops will sometimes 

respond to any disc problem by changing out the discs 

entirely. This is done mainly where the cost of a new disc 

may actually be lower than the cost of workers to resurface 

the original disc. Mechanically this is unnecessary unless the 

discs have reached manufacturer's minimum recommended 

thickness, which would make it unsafe to use them, or vane 

rusting. Severe (ventilated discs only). Most leading vehicle 

manufacturers recommend brake disc skimming (US: 

turning) as a solution for lateral run-out, vibration issues and 

brake noises. 

The machining process is performed in a brake 

lathe, which removes a very thin layer off the disc surface to 

clean off minor damage and restore uniform thickness. 

Machining the disc as necessary will maximize the mileage 

out of the current discs on the vehicle. Braking systems rely 

on friction to bring the vehicle to a halt – hydraulic pressure 

pushes brake pads against a cast iron disc or brake shoes 

against the inside of a cast iron drum. When a vehicle is 

decelerated, load is transferred to the front wheels – this 

means that the front 

 Brakes do most of the work in stopping the vehicle. Scarring 

can occur if brake pads are not changed promptly when they 

reach the end of their service life and are considered worn 

out. 

Cracking is limited mostly to drilled discs, which may 

develop small cracks around edges of holes drilled near the 

edge of the disc due to the disc's uneven rate of expansion in 

severe duty environments. The discs are commonly made from 

cast iron and a certain amount of what is known as "surface 

rust" is normal. Sometimes a loud noise or high pitched squeal 

occurs when the brakes are applied. Most brake squeal is 

produced by vibration (resonance instability) of the brake 
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components, especially the pads and discs (known as force-

coupled excitation). This type of squeal should not negatively 

affect brake stopping performance. 

III. CALCULATION OF DISC BRAKE 

The forces acting on the inner and outer rotor faces 

due to contact with brake pads are shown in Figure 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 Forces Acting On Rotor Due To Contact with Brake 

Pads 

 

Disc Brake Standard    

  

Rotor disc dimension = 240mm. (240×10-3 m)  

Rotor disc material = Carbon Ceramic 

Matrix 

Pad brake area = 2000 mm2 (2000×10-6 

m) 

Pad brake material = Asbestos  

Coefficient of friction (Wet) = 0.07-0.13 

Coefficient of friction (Dry) = 0.3-0.5 

Maximum temperature  = 350 ºC 

Maximum pressure   =

 1MPa (106 Pa) 

 

3.1 Tangential force between pad and rotor (Inner face), 

FTRI 

FTRI = µ1.FRI 

Where, FTRI = Normal force between pad 

brake 

And Rotor (Inner)  

µ1 = Coefficient of friction = 0.5 

FRI = P max / 2 × A pad brake area 

So, FTRI = µ1.FRI 

FTRI = (0.5)(0.5)(1×106 N/m2) (2000×106 m2) 

FTRI = 500 N. 

  

Tangential force between pad and rotor (outer face), 

FTRO. In this FTRO equal FTRI because same normal 

force and same material 

 

3.2 Brake Torque (TB) – 

 

With the assumption of equal coefficients of friction and 

normal forces FR on the inner and outer faces: 

TB = FT.R 

Where TB = Brake torque 

µ = Coefficient of friction 

FT = Total normal forces on disc brake, 

 = FTRI + FTRO 

FT = 1000 N. 

R = Radius of rotor disc. 

So, TB = (1000) (120×10-3) 

TB = 120 Nm 

 

3.3 Brake Distance (x) – 

 

We know that tangential braking force acting at the point 

of contact of the brake, and 

Work done = FT. x.......... (Equation 1) 

Where FT = FTRI + FTRO 

 

X = Distance travelled (in meter) by the vehicle 

before it come to rest. 

 

We know kinetic energy of the vehicle. 

Kinetic energy = (mv2) / 2......... (Equation 2) 

Where m = Mass of vehicle 

v = Velocity of vehicle 

 

In order to bring the vehicle to rest, the work done against 

friction must be equal to kinetic energy of the vehicle. 

Therefore equating (Equation 1) and (Equation 2) 

FT. x = (mv2) / 2   

Assumption   v = 100 kg/h = 27.77 m/s 

M = 132 kg. (Dry   weight   of 

Vehicle)  (mv2) / 2 FT  

So we get x =   

x = (132×27.772) / (2×1000)  m. 

x = 50.89 m   

 

Heat Generated (Q) = M .Cр. ΔT J/S 

Flux (q) = Q/A W/m² 

Thermal Gradient (K) = q / k K / m 

 

Carbon Ceramic Matrix – 

 

Heat generated Q= m*cp*∆T 

Mass of disc = 0.5 kg 

Specific Heat Capacity = 800 J/kg 0 c Time taken Stopping 

the Vehicle = 5sec Developed Temperature difference = 15 

0 c Q = 0.5 * 800 * 15= 6000 J 

 

Area of Disc = Π * (R2 – r2) = Π * (0.120 2 – 0.055 2) = 

0.03573 m 2 

 

Heat Flux = Heat Generated /Second /area = 6000 /5 / 

0.0357 = 33.585 kw/m 2 

Thermal Gradient = Heat Flux / Thermal Conductivity 

= 33.582*10 3 / 40 

= 839.63 k/m 

 

 

 IV. FEM USING ANSYS 

 

Ansys is one of the useful software for design analysis in 

mechanical engineering. This software is based on the Finite 

Element Method (FEM) to simulate the working conditions of 

your designs and predict their behaviour. FEM requires the 
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solution of larges systems of equations. Powered by fast 

solvers, Ansys makes it possible for designers to quickly check 

the integrity of their designs and search for the optimum 

solution. 

 

A product development cycle typically includes the 

following steps: 

• Build your model in the Pro-Engineer system. 

• Prototype the design. 

• Test the prototype in the field. 

• Evaluate the results of the field tests. 

• Modify the design based on the field test results. 

 

4.1 Model of Disc Brake 

 

 

 

 

 

 

 

 

 

 

 

Fig 3 Model of Disc Brake 

 

4.2 Thermal Analysis of Disc Brake 

 

 

 

 

 

 

 

 

 

Fig 4 Temperature Distribution 

 

 

 

     

 

 

 

 

 

 

 

Fig 5 Total Heat Flux 

 

 

4.2 Modal Analysis of Disc Brake 

 

 
 

Fig 6 Frequency and Total Deformation of Disc Brake 

 

 

 
V. CONCLUSIONS 

 

Using carbon ceramic matrix disc brake material calculating 

normal force, shear force and piston force and also 

calculating the brake distance of disc brake. The standard 

disc brake two wheelers model using in Ansys, done the 

Thermal and Modal Analysis calculate the deflection, total 

heat flux, Frequency and temperature of disc brake model. 

This is important to understand action force and friction 

force on the disc brake new material, which use disc brake 

works more efficiently, which can help to reduce the 

accident that may happen in each day. 
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Fabrication of Sewage Waste Cleaner 
 

Wasima Banu Shaik, Balaji Naik Mudavath, Jagadeesh Tammineni and Anusha Jyothirmai,    

Department of Mechanical Engineering, UCEN-JNTUK, Guntur Dist, AP, India.  

 

Abstract— Still today, drainage cleaning is a tensed and risky 

task for sanitary workers. The problem of water clogging arises 

due to presence of plastic bottles, polythene covers etc., n 

sewage, which affects the marine life, pest growth, and human 

health. Our proposed machine finds a solution for all these 

drainage problems and prevents the humans from getting 

affected by various diseases. In this project, an attempt has been 

made to fabricate a sewage waste cleaner for reducing the 

human work, for minimizing the cleaning time, to combat the 

increasing pollution problems. 

Keywords— Water clogging, Sewage waste cleaner, pollution 

problems, marine life, human health  

I. INTRODUCTION (HEADING 1) 

Sewage will be formed by the wastes which are coming 
from the industries, houses, hotels and other chemical 
factories and by throwing unwanted materials like bottles, 
polythene covers etc. This contamination makes reuse of 
waste water very difficult. During rainy seasons and floods 
the wastes will block the flow of water which leads to more 
land pollution.  

       Sewage waste cleaner is a machine which collects all 
the floating debris present in sewage.  This machine is used 
to clean the drainage canals, gutters, rivers, ponds, and other 
sewage resources. This cleaner prevents the sanitary workers 
from cleaning drainages with aid of their hands. One of the 
best merits of this cleaner is replacing the manual work in 
drainage cleaning. 

II. LITERATURE REVIEW 

Machine and 

Authors 

Outcome Drawbacks 

Automatic 

Drainage 

Cleaning System 

using Solar 

Panel, 

(Abhishek Anil 

Batavale) 

Collects solid 

wastes and 

filters it from 

stage to stage. 

This machine 

cannot be used in 

presence of 

electricity. 

Smart Drainage 

Cleaning 

System,  

(Prof. Amay 

Tipayale) 

By using this, 

workers can 

manage their 

reports through 

their own mobile 

phone. 

This system 

needs human 

attention to 

check the 

message and 

reports in mobile 

phone. 

Automatic 

Gutter Cleaning 

System, 

(S. Navaneetha  

Krishnan ) 

Manages the 

disposal of 

wastages and 

with regular 

filtration.  

Needs skill, 

training and 

knowledge over 

automation. 

 

III. PROBLEM STATEMENT 

A. Pollution created from plastic bags 

It takes 100s of years for plastic bags to completely 

decompose. Globally we use trillions of bags a year that is 

approximately 10 million every 5 minutes. In 2002, around 

50 to 80, 000, 000 bags ended up as litter in our environment. 

This accumulation causes harmful effects on aquatic and 

terrestrial animals. 

B. Green house gases 

Bio degradable plastic bags take about 3 years to 

breakdown. The process of breaking down these petrol based 

bags causes carbon to meeting which is a greenhouse gas. 

C. Water Pollution 

Water pollution is a major global problem. It affects the 

entire biosphere. The water pollution is the worldwide cause 

of death and diseases and for the deaths of more than 14,000 

people daily. 

IV. MOTIVATION AND OBJECTIVES 

Drainage cleaning results in very dangerous diseases and 

sometimes results in loss of lives due to getting into the 

drainages and cleaning them .The problem of water clogging 

occurs due to plastics, bottles, polythene covers, metals etc., 

which in turn affects the pest growth. Hence, these problems 

motivated us to fabricate this sewage waste cleaning 

machine. 

 

Objectives 

1. To fabricate and design a portable machine. 

2. To provide a flexible frame. 

3. To minimize the risk of labour from getting affected 

by infections, diseases due to chemicals, wastes in 

sewage. 

4. To reduce the labour involvement. 

5. To avoid water blockage caused due to garbage.  

6. To combat the increasing pollution problems. 

To construct the light weight and compact machine 

V. METHODOLOGY 

METHODOLOGY 

      Starting the project based on collected literature 
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Identifying the required components of machine such as shafts, 

chains, sprockets etc. 

 

 

 

Designing using suitable formulae 

 

 

 

Purchasing of required components and raw materials and 

finishing the raw materials into desired dimensions 

 

 

 

Assembling of all the parts 

 

 

 

Fabrication of Sewage Waste Cleaner 

 

 

 

Performing inspection and testing the working conditions 

 

VI. COMPONENTS AND MATERIALS USED 

6.1 Sprocket 

Material Used: Stainless Steel 

Sprocket or sprocket wheel is a profile deals with teeth fixed 

to the shafts and meshed with the chain drive in this sewage 

waste cleaner. 

6.2 Shaft 

Material Used: Mild Steel 

Shaft is a rotating machine element usually circular in cross 

section which is used to transmit power from one part to 

another, to which motor is connected.7.1 

6.3 Bearings 

Type: Deep Groove Ball Bearing 

Bearing is a machine element that constrains relative motion 

to only the desired motion and reduce friction between 

moving parts. These are mounted on shafts in this respective 

machine. 

6.4 Chain 

Material Used: Stainless Steel 

Chain drive is a way of transmitting mechanical power from 

one place to another. Most often the power is conveyed by a 

roller chain. This sewage waste cleaner works on this chain 

drive mechanism. 

6.5 Fasteners 

Nut 

A nut is a type of fastener with a threaded hole. Nuts are 

almost always used opposite a mating bolt parts together. 

The two partners are kept together by a combination of 

threads friction, a slight stretch of the bolt and compression 

of parts. 

Screw or bolt 

A screw or bolt is a type of fastener characteristic by a helical 

ridge known as external thread wrapped around a cylinder. 

6.6 Battery  

Battery used is a rechargeable battery, storage battery, 

secondary cell or accumulator is a type of electrical battery 

which can be discharged, charged into a load and recharge 

many times as opposed to disposable or primary battery. 

6.7 D.C Motor  

D.C motor is designed to convert electrical power into 

mechanical power.    

6.8 Lifting mounts 

Material used: Galvanized Iron Sheet 

Lifting equipment also as lifting bin is a general term for the 

machine we used to lift the loads. 

VII. DESIGN RULES 

7.1Design calculations of motor 

7.1.1Workdone to lift garbage upwards 

W=F×s=mgsinӨ ×
𝒉

𝒔𝒊𝒏𝜽
=mgh 

W= 9× 9.81 × 1 =88.29J 

7.1.2Torque of the motor 

T=F× 𝑟 = 𝑚𝑔𝑠𝑖𝑛𝜃 × 0.025 

= 9× 9.81 × sin 45 ° × 0.025 = 1.56𝑁 − 𝑚 

Tmax =1.56 × 𝐹. 𝑂. 𝑆 

(𝑆𝑖𝑛𝑐𝑒 𝐹. 𝑂. 𝑆 is taken as 2)    

=1.56× 2 = 3.12𝑁 − 𝑚 

7.1.3 Power of the motor 

P=Tmax ×
𝟐𝝅𝑵

𝟔𝟎
  =3.12×

2×𝜋×50

60
=16. 33Watt 

P=16.33× 2 = 32.66𝑤𝑎𝑡𝑡 

7.2Design calculations for lifting capacity 

∅ =
𝒔

𝒓
 =

𝒉

𝒓𝒔𝒊𝒏𝜽
=56.56rad=9 rev 

It takes 9 rev to lift 6kg of garbage once. 

As the speed of motor is 50rpm, the chain circulates 5 times 

to lift the garbage in 1 min 

Lifting capacity of garbage = 5 × 6 = 30kg per min 

7.3Design of chain drive 

(Reference text book: Design of Machine Elements by V.B. 

Bhandari) 

7.3.1 Determination of power rating of chain 

 Power (KW) rating of chain (pc)   

=
𝑃𝑜𝑤𝑒𝑟 𝑡𝑜 𝑏𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 × 𝐾𝑠

𝐾1 × 𝐾2
 

       =
32.66×10−3×1

1×1
=0.032KW 

Selection of dimensions of roller chains 

Pitch of roller chain (p) =9.525mm 

Roller diameter (d1) =6.35mm 

Width between inner plates (b1) =5.72mm 

Breaking load = 8900N 

7.3.2 Determination of chain drive velocity ratio 

𝑖 =
𝑛1

𝑛2
=

𝑧2

𝑧1
=

17

17
=1 

7.3.3 Determination of average velocity of chain 

V=
𝜋𝐷𝑁

60
= 0.13085𝑚/𝑠𝑒𝑐 

7.3.4 Determination of length of the chain 

L=Ln× 𝑝 

Ln=2 (
𝑎

𝑝
) + (

𝑍1+𝑍2

2
) + (

𝑍2−𝑍1

2𝜋
)2 × (

𝑝

𝑎
) 

Since z1=z2,    Ln=2 (
𝑎

𝑝
) + (

𝑍1+𝑧2

2
)         
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L=3m 

7.3.5 Determination of tensions in chain 

T=2(T1-T2)× 𝑟 

Tension in slack side (T2)=k× 𝑚𝑔 × 𝑎 = 5.687𝑁 

Tension in tight side (T1) is calculated as  

T= 2(T1-T2)× 𝑟 

3.12=2(T1-5.687)× 0.025 

T1=68.087N 

7.4Design of Sprocket 

D=
𝑝

𝑠𝑖𝑛(
180

𝑧
)
=0.05m 

Hence assumed diameter of sprocket is correct. 

7.5 Design of shaft 

7.5.1 Determination of length of shaft 

Length of shaft is considered as 0.6m 

7.5.2 Determination of diameter of shaft 

Horizontal Plane: 

Identification of forces and loads acting on shaft is done 

according to machine conditions. 

Horizontal plane shear force: 

Load (Php) = (T1+T2)cosӨ = (68.087+5.687)cos 45= 52.16 

N 

R1=R2= (T1+T2)cos𝜃 

R1=R2=52.16N 

Horizontal plane bending moment: 

Bending moment (Mhp) = 52.16× 0.05 = 2.608 𝑁𝑚 

With the values obtained above Horizontal shear force and 

bending moment diagrams. 

Vertical plane : 

Taking all the forces acting on shafts into consideration. 

Vertical plane shear force: 

Load(Pvp)=mg+(T1+T2)sinӨ =(0.15× 9.81)+52.16 

                 = 53.63N 

Vertical plane bending moment : 

Bending moment(Mhp)= 53.63× 0.05 = 2.6815𝑁𝑚 

 

Resultant bending moment(M)= √𝑀ℎ𝑝2 + 𝑀𝑣𝑝2=3.14 Nm 

Diameter of shaft (d) is calculated as 

𝜏max = 
16𝑇𝑒

𝜋𝑑3 =
16

𝜋𝑑3 √(𝐾𝑏 × 𝑀)2 + (𝐾𝑡 × 𝑇)2(𝑠𝑖𝑛𝑐𝑒 𝜏𝑚𝑎𝑥 =

62.5𝑁/𝑚𝑚2) 
 d= 8.53mm< 10mm  

Hence design is safe. 

 

VIII. FABRICATION AND WORKING PROCEDURE 

                 Firstly the base frame was prepared according to the 

dimensions by drilling  the square metal rods using drilling  

machine. Net layer is bolted to square rods. Sprockets are mounted 

on  the shafts using welding. Bearings are fitted to the shafts. Chains 

are connected to the sprockets so that they mesh with the teeth of 

sprockets accordingly,to which the lifters are connected. The motor 

which is used to run the machine is connected to shaft. Collecting 

is placed behind the frame of the machine. 

Working procedure: 

All the parts will be connected together according to the 

requirement using suitable fabrication processes. 

The DC gear motor which is battery operated starts running when 

the power supply is given.The chain which is attached to the 

sprocket is driven by motor.When the motor runs , the chain starts 

to circulate making the spoke lifters to lift up the waste floating 

materials.The waste materials caught by spoke lifters are further 

collected in waste storage bin and it can be removed to unload the 

waste 

 

 
Sewage waste cleaner 

IX. FABRICATION PROCESSES 

The processes involved in fabrication of sewage waste cleaner are: 

Welding, Drilling ,Metal Cutting . 

X. ATTACHMENT 

 
 

Till now, various sewage cleaners are fabricated but no such 

cleaners can be used in real time world. No solution has found to 

use this machine in real time.So, we thought of making an 

attachment to overcome this problem. This attachment holds the 

sewage waste cleaner for collecting the wastes in sewage. Because 

of this attachment, the sewage waste cleaner can be used in low, 

medium and heavy depth sewage resources such as rivers, ponds , 

canals etc. 

XI. MERITS,  DEMERITS, APPLICATIONS AND FUTURE 

SCOPE 

Merits 

Simple in construction, maintenance, .Low capital cost, 

maintenance cost, Easy availability of components,Portable, 

Skilled labour is not required. 

 

Demerits 

Continous power supply is needed, Waste collecting bin needs to 

be cleaned time to time. 

XII. APPLICATIONS 

Used by Municipal Authority, in sewage treatment, in controlling 

the disposal of wastes, in cleaning drainages of small and larger 

depth. 

Future Scope 

.By using more techniques, technology, automations with sensors, 

these machines can be modified and developed according to the real 

time applications so that they can be used more widely everywhere. 
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XIII. CONCLUSION 

Hence, our intension is to fabricate and design this cleaning 

machine using suitable calculations which can also be used 

effectively during rainy seasons and thus avoids the overflow of 

waste water and sewage waste. Fabricating in order to reduce the 

time of cleaning and can be used in deep depths sewage resources 

too. 
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MANUFACTURING OF HYPERBOLOIDAL 

GEAR  MODEL USING ULTIMAKER S5 3D 

PRINTING MACHINE 
Bachali.Rambabu  

Deaprtment of Mechanical Engineering, Narasaraopeta Engineering College(A), Narasaraopet, AP,India.  

 

Abstract- Hyperboloidal gears are extensively used in power 

transmission. The manufacturing of the gear components with 

complex geometry involves a tedious procedure. Additive 

manufacturing/Rapid prototyping is a technique used for 

producing complex geometry. 3D printing is one of the techniques 

of RPP. Present work focus on the manufacturing of 

hyperboloidal gear of given dimension in an Ultimaker S5 3D 

printing Machine. The gear components were initially prepared 

using CURA software which is followed by Slicing methods in 

order to facilitate the smooth addition of the molten material. The 

total gear assembly is of seven parts which are made separately 

to form a set of hyperboloidal gear. The total time required for 

the components is 30 hours.  

I. INTRODUCTION TO MANUFACTURING OF 

HYPERBOLIODAL GEAR MODEL 

    3-D printing is an additive manufacturing (am) technique 

for fabricating a wide range of structures and complex 

geometries from three dimensional (3d) model data. the 

process consists of printing successive layers of materials that 

are formed on top of each other. this technology has been 

developed by charles hull in 1986 in a process known as 

stereolithography (sla), which was followed by subsequent 

developments such as powder bed fusion, fused deposition 

modelling (fdm), inkjet printing and contour crafting (cc). 3d-

printing,which involves various methods, materials and 

equipment, has evolved over the years and has the ability to 

transform manufacturing and logistics processes. additive 

manufacturing has been widely applied in different industries, 

including construction, prototyping and biomechanical. the 

uptake of 3d printing in the construction industry, in particular, 

was very slow and limited despite the advantages e.g. less 

waste, freedom of design and automation. 

A. Objective of HGM 

New applications are emerging as novel materials and AM 

methods are continuously being developed. One of the main 

drivers for this technology to become more accessible is 

attributed to the expiry of earlier patents, which has given 

manufacturers the ability to develop new 3D printing devices. 

Recent developments have reduced the cost of 3D printers, 

thereby expanding its applications in schools, homes, libraries 

and laboratories. Initially, 3D printing has been extensively 

used by architects and designers to produce aesthetic and 

functional prototypes due to its rapid and cost-effective 

prototyping capability.the situation, it is important that the 

objective criteria for system success are clearly identified at the 

start of the project, because different requirements need 

different design considerations. 

B.Components of HGM 

The component of HGM system are shown in below 

figure:  

 

    

 

   Program for Optimization Geometric and Technological 

Synthesis of Spired Gears upon a Pitch Contact Point This 

program includes solving of the following tasks:  

Synthesis of geometric pitch circles.  Synthesis of the 

active tooth surfaces of the spired pinion and of the cutting 

tool for generation of the Spiroid crown (Spiroid hob). 

Verification if that the accepted quality criteria of the gear 

drive are fulfilled. From the formulation of the defined 

tasks, it can be seen that the algorithm of this program 

corresponds to the approach to mathematical modeling for 

synthesis upon a pitch contact point. In this sense, when 

designing the spired gears, it is of particular importance to 

select the location of the pitch contact point in the fixed 

space. The placement of the pitch contact point (as a 

common point of the pitch circles and conjugated active 

tooth surfaces) effects on one hand on the common 

geometry of the designed gear system (overall dimensions 

of the gear pair) and on the other- on the geometry and 

proportions of the gears teeth, as well as on the gears 

quality (through the geometric, kinematic and strength 

characteristics of the conjugated gear pair) 

C. Software Program for a Preliminary Synthesis  

   The aim of the preliminary synthesis is to be calculated the 

main geometric parameters of the special case of Spiroid gear, 

when the angle, at which the rotations axes are crossed, is 90о, 

and pinion is of cylindrical form. With other words, the 

preliminary synthesis of the Spiroid gears is essentially 

oriented to the geometric dimensioning (without an 

optimization) of hyperboloid drive of type Helicon. The 
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mathematical model upon a pitch contact point is in the basis 

of the program for a preliminary synthesis. It is assumed that 

this point is placed on the outside cylinder of the Helicon 

pinion. The input data of the computer program are: gear 

(velocity) Ratio. - number of teeth of the pinion depending on 

the degree of accuracy and the conjugation type of the tooth 

surfaces; a standard pinion tooth deflection (thinning) - ; set of 

standard axle modules; coefficients and etc. In the commented 

program, the possibility of defining the following geometric 

technological requirements is taken into consideration when 

choosing the outer diameter of the gear. 

II.GEOMETRICA AND TECHNOLOGICAL 

SYNTHESIS OF SPIROID GEARS 

     The shown considerations for designing of software 

programs, applicable to the synthesis of hyperboloid 

mechanisms are also realized in connection with constructing 

three types’ software products for the design of Spired gears, 

which functional relations are shown in Fig. 1. Each one of the 

illustrated three main directions, has its own importance. It 

means that the user can restrict himself to use the results of only 

one program; to analyse and interpret these results and then 

after an adequate assessment, to go through the entire process 

shown in the figure. Further below, each of the directions, that 

includes the whole process of synthesis and design of Spired 

gears, will be considered. 

 

    The process of optimization synthesis, in this case, is realized 

by applying the method of direct search. This method provides 

an opportunity to reduce the number of calculated gear pairs, 

which compose the synthesized gear mechanism. It will be 

reminded, that the essence of this method is as follows 

   The process of optimization synthesis and design of the third 

type of software is based on adequate iterative procedures, by 

which the desired solution is found by variation of certain 

parameters. 

A.  Basic Principles and Approaches of the Mathematical 

Modelling for Synthesis and Design  

  When profiling the kinematically conjugated surfaces, by 

means of which the rotations transformation between crossed 

axes is realized, the basic observed principles are the principles 

of T Olivier. Here, it will be summarized only that part of them, 

which is directly related to the construction of the concrete 

computer programs.  

 

 

B. Principles of Organizing the Design Process 

   The following principles are obvious and have been 

commented by various authors. Here, the focus will BE 

PUon those which are determining for the construction of 

the computer programs for synthesis of gears type Spired 

and Helicon.  

 

C. Determination of the groups of independent 

and variable input parameters 

       To the group of independent input parameters a set of 

standardization modules should be included, that determines 

the technological capabilities of the hobbling machines; 

coefficients that define the tooth geometry as a function of 

the modules; coefficients of frictions between the different 

pairs of materials applicable for producing of the tooting of 

the conjugated gear pairs; coefficients, linear and angular 

values associated with the design of the instrumental 

equipment and etc. To the input data parameters, among 

which the variable ones are chosen, as a rule are included 

those which define the overall geometry of the calculated 

gear system. Here belongs the parameters determining the 

dimensions of the gear structure: the offset, distances from 

the offset to the planes in which the pitch circles lie; the 

angles defining the orientation of the above said planes 

relative to the pitch normal and etc. The variable input data 

include also those, from which the geometry of the 

conjugated active tooth surfaces depends: the independent 

coordinates of the tooth surfaces; their helical parameters; 

parameters which determine face width of the teeth, etc.  

D. Introducing the main analytical relations, which are 

based on the chosen approach to the mechano-

mathematical modelling 

 Here are included solutions of the fundamental tasks of 

the synthesis upon a pitch contact point and upon a mesh 

region with the application of the adequate geometric 

interpretations of the basic equation of meshing, namely the 

task for the synthesis of pitch circles; the task for the defining 

the geometry of the active tooth surfaces by their linear and 

angular characteristics in the pitch contact point; the task for 

defining the singularity in the pitch contact point (without 

describing the analytical type of the tooth surfaces); the task 

for analytically defining of the entire mesh region; 

formulations of relations, which are used to determine the 

optimal dimensions and placement of the region of mesh on 

the active surface and etc. This principle of organizing the 

computer design includes also the introduction of geometric 

and kinematic relations, intended for the reduction of the 

input parameter sets.  
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E. Constructing the complex process for synthesis and 

design of hyperboloid gear drives 

   This is realized by defining the separate sub-stages of the 

synthesis and design in their sequence and interconnection. 

This principle, applied in the design of each computer 

program, is directly dependent on the type of functioning, in 

the elaborated algorithm, complex of criteria. Those criteria 

determine the preliminary defined quality characteristics of 

the gear mechanism in dependence of the accepted approach 

to the mathematical modelling. A distinctive characteristic of 

the accepted principle for construction of the complex 

process for synthesis and design is the chosen approach for 

the estimation of the calculated option of gear drive.  

III.ASPECTS OF COMPUTER DESIGN 

   The wide variety of gear mechanisms used in industry and 

transport, as well as the permanent pursuit of researchers to 

create new and improved gears drives on one hand and on the 

other- the different and changing approaches to the 

mathematical modeling for synthesis and design, make it 

difficult to realize universal CAD systems. In connection to all 

said above, it specially should be noted the note the extremely 

dynamic development of modern technical computing tools 

and software programs. This often requires a reassessment not 

only of the way in which computer programs are organized, 

but also leads to informal changes of applied mathematical 

models. In order to realize these researches into the field of 

theory gearing, as well as to provide an adequate scientific 

support for this type of production, the computer design has 

evolved, forming three types of software. 

1. First Type  

2. Second Type 

3. Third Type 

 Input parameters are defined, as well as those that will           

not be changed throughout the whole synthesis process  

 The variables parameters are determined as well the way of 

their variation, respectively;  

 The process of variation the defined variable input 

parameters compared to their initially given value 

continues, until the preliminary defined optimization 

criteria are fulfilled; 

 From the calculated pairs of conjugated gear sets, a final 

variant is chosen for which, there is the best fulfilment of 

the additional conditions (restrictions) introduced in the 

mathematical model.  

IV.COMPONENTS PRODUCED USING ULTI MAKER             

3D PRINTER 

Hyper Base: After slicing  

Time(minutes): 07 hour 16minutes  

Material(grams) : 66grams 

 

 

Hyper Gear: After slicing  

Time(minutes): 12hour 45minutes  

Material(grams) : 45grams 

 

 

Hyper Gear End: After slicing  

Time(minutes): 47minutes  

Material(grams) : 07 grams 

 

 

Hyper Gear End Long: After slicing 
 Time(minutes): 55minutes 
 Material(grams) : 08 grams 
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Hyper Handle: After slicing  

Time(minutes): 1 hour 44minutes  

Material(grams) : 13 grams 

 

 

Hyper Stand Lower: after slicing 
 Time(minutes): 58minutes  
Material(grams) : 09 grams 
 

 

Hyper Stand Upper: After slicing 

 Time(minutes):103minutes  

Material(grams) : 15 grams 
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ARC WELDING PROCESS SELECTION 

THROUGH QUALITY AND COST ANALYSIS 
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Abstract— Welding is the most feasible fabrication process 

for complex designs and intricate shapes. There are many 

types of welding processes which are used in the modern day 

fabrication operations. It is challenging when it comes to the 

selection of most economical process for a given application. 

This project presents a methodology to compare three 

welding processes, namely SMAW (Shield Metal Arc 

Welding), GTAW (Gas Tungsten Arc Welding), and SMAW 

& GTAW (Hybrid Welding) to select the best one for a given 

application. The present work is evaluating and proposing the 

best arc welding process for the fabrication Ship Deck plate 

based on quality, cost and time criteria. The three welding 

process were performed on the plates and were then tested by 

Dye penetrant test, Magnetic particle test, Radiography test 

and Tensile test. The best process for given application is then 

found out by analyzing and interpreting the quality obtained 

and cost incurred. 

Keywords— SMAW, GTAW, Hybrid welding. 

I. INTRODUCTION  

Welding is the process of joining together two 

pieces of metal so that bonding takes place at their original 

boundary surfaces. Two parts to be joined are melted, 

together, heat or pressure or both is applied and with or 

without added metal for formation of metallic bond. 

Shield Metal Arc Welding 

The weld quality is primarily dependent on the 

skill of the welder. For our analysis, SMAW is done on 

mild steel in 1G position .When an arc struck between the 

coated electrode and the work piece, both surfaces melt to 

form a weld pool. 

 
The flux forms gas and slag which protect the 

weld pool from oxygen and nitrogen in the surrounding 

atmosphere. The molten slag solidifies, cools and must be 

chipped off the weld bead once the weld run is complete 

(or before the next weld pass is deposited).  

Gas Tungsten Arc Welding  

Gas Tungsten arc welding process is also called 

as TIG welding. Melting is produced by heating with an arc 

struck between a non-consumable tungsten electrode and 

the work piece. An inert gas shields the electrode and weld 

zone to prevent oxidation of the tungsten electrode and 

atmospheric contamination of the weld and hot filler wire.  

 
Hybrid Welding 

In SMAW, flux covered consumable electrode is 

used whereas in GTAW non consumable Tungsten electrode 

is used and consumable filler wire is supplied externally. In 

case of GTAW and SMAW hybrid welding both processes are 

used to complete the complete the weld, such that root pass is 

done by GTAW process and subsequent passes are made by 

SMAW process. The objective of hybrid welding is to 

aggregate advantage of both processes in enhancing 

productivity and work quality. 

Visual Inspection Process 

Visual inspection is a common method of quality 

control, data analysis. Visual Inspection, used in maintenance 

of facilities, mean inspection of equipment and structures 

using either or all of raw human senses. The most common 

welding discontinuities found during visual inspection are 

conditions such as undersized welds, undercut, overlap, 

surface cracking, and surface porosity, under fill, incomplete 

root penetration, excessive root penetration, burn through, and 

excessive reinforcement. 

 
 

Dye penetrant test 

Penetrant to be drawn into a “clean” surface breaking flaw by 

capillary action.after dwell excess surface penetrant is 

removed and developer applied it drawn out the penetrant from 

the flaw by blotter action. 
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Magnetic Particle test: 

Magnetic particle test is used for checking cracks mainly 

in weld joints which are not visible to the naked eye. The 

leakage fields attract magnetic particles to themselves 

leading to the formation of an indication. 

 
Radiography test: 

This method of weld testing makes use of X-rays, produced 

by an X-ray tube, or gamma rays, produced by a 

radioactive isotope. Penetrating radiation is passed through 

a solid object that is in a weld joint, onto a photographic 

film, resulting in an image of the object’s internal structure 

being deposited on the film. All discontinuities are detected 

by viewing shape and variation in density of the processed 

film.  

 

This testing method is usually suited to having access to 

both sides of the welded joint. 

 

II. METHODOLOGY 

SMAW and GTAW are common arc welding processes in 

which heat required to melt parent and filler material is 

generated by an arc established between an electrode and 

the work piece. In SMAW, flux covered consumable 

electrode is used where as in GTAW non consumable 

Tungsten electrode is used and consumable filler wire is 

supplied externally. In case of GTAW and SMAW hybrid 

welding both processes are used to complete the weld, such 

that root pass is done by GTAW process and subsequent 

passes are made by SMAW process. The welds are carried 

out in Dry Penetration Test, Magnetic Particle Test and 

Radiographic Test for Quality analysis and geometrical 

aspects of the beads .For cost analysis, welding parameters 

and consumable prices are considered. Quantitative indices 

were proposed and evaluated. After that, evaluation of both 

quality and costs calculated, it possible to select the most 

suitable welding process to a specific application, taking 

into account the market conditions. 

Tensile Testing Results of Non heat treated welded specimens 

Weldi

ng 

Type 

Tensil

e 

Streng

th in 

N/mm
2 

Yield 

streng

th 

N/mm
2 

Modul

us of 

Elastici

ty ,GPa 

% age of 

Elongati

on 

% age 

of 

reducti

on in 

area 

SMA

W 

495.6 390 186 20.514 28.17 

GTA

W 

530 419.1

2 

186.5 21.366 31.45 

Hybrid 520.3 406.0

5 

186.2 20.932 30.02 

 

III. RESULTS AND DISCUSSION 

Welding Quality Analysis: 

Not all manufacturing processes are perfect and have an 

associated non-conformance rate. Manufacturers seeking to 

achieve higher quality of conformance have a wide range of 

options to choose from. These can be divided into two 

categories; improving produced quality of conformance via 

defect prevention and improving quality of conformance 

delivered to the customer via inspection. 

Welding quality is determined by these terms       

 
 Quality Calculation: 
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Welding Costs Calculations: 

Cost analysis is an important tool for product design and 

material selection. Efficient and effective cost estimation 

tool is necessary for early design evaluations. Each cost 

component has been closely analysed and the major cost 

components have been included in the cost calculation. In 

the present case, Costs will be used as a balancing 

parameter during selection of the most suitable welding 

process. 

The composition of costs takes into account materials, 

electricity, labour and equipment. Indirect costs will not be 

considered, since they are approximately the same in terms 

of comparison. Total welding cost (TWC) is a composition 

of equipment, materials and labour costs. Indirect costs are 

approximately the same in terms of comparison. With 

respect  

                       TWC=EC+MC+LC  

Equations used for determining each term of the costs 

 
Total cost/m for three different welding with respect to 

deposition rate, operating factor, labor cost, depreciation cost 

etc.,  
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IV. CONCLUSION 

From the above observations and results, it is observed that  

 GTAW possess more deposition efficiency but 

consumes more cost. 

 SMAW takes lesser time but is of inferior quality in 

terms of tensile strength and deposition efficiency. 

 Hybrid welding consumes lesser cost and time than 

GTAW and possess a tensile strength superior than 

SMAW. 

 From our work, it can be concluded that, Hybrid 

welding is the most suitable for the fabrication of ship 

deck plate. 
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Li-Br H2O VAR System Analysis by 

Applying Magnetic Field to Liquid Line 
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Abstract - Process of industries and automobile vehicles, there is 

usually a great amount of waste heat available at different 

temperatures and at the same time, there are cooling or 

refrigeration demands at different temperatures. In this work, a 

single effect vapour absorption refrigeration system is to be 

fabricated. And to perform the optimal matches between heat 

source temperatures and refrigeration levels of the vapour 

absorption refrigeration cycle are determined in terms of two 

indicators, coefficient of performance (COP) and efficiency of 

the cycle 

The results shows that the theoretical COP of an VAR system is 

maximum for the system operated with two pairs of magnets. 

Keywords: Fabrication of Vapour absorption Refrigeration 

System, VAR, LiBr-H2O absorption refrigerator, waste heat 

VAR system. 

 

I. Introduction 

In the early years of the twentieth century, the vapour 

absorption cycle using water-ammonia systems was popular 

and widely used. After the development of the vapour 

compression cycle, the vapour absorption cycle lost much of 

its importance because of its low coefficient of performance 

(about one fifth of that of the vapour compression cycle). 

Today, the vapour absorption cycle is used mainly where fuel 

for heating is available but electricity is not, such as in 

recreational vehicles that carry LP gas. It is also used in 

industrial environments where plentiful waste heat overcomes 

it’s inefficiency. The absorption cycle is similar to the 

compression cycle, except for the method of raising the 

pressure of the refrigerant vapour. In the absorption   system, 

the compressor is replaced by an absorber which dissolves the 

refrigerant in a suitable liquid, a liquid Pump which raises the 

pressure and a generator which, on heat addition, drives off 

the refrigerant vapour from the high-pressure liquid. Some 

work is needed by the liquid pump but, for a given quantity of 

refrigerant, it is much smaller than needed by the compressor 

in the vapour compression cycle. Side = 0.625 inches. Each 

column measures 3.5 inches wide, with a 0.25-inch gap 

between the two columns. 

In an absorption refrigerator, a suitable combination 

of refrigerant and absorbent is used. The existing review 

works on heat transformers confirm that water-lithium 

bromide the most investigated couple for heat transformers. 

Despite that, they also report many studies researching 

alternative fluids, due to the high corrosiveness, viscosity and 

crystallization risk in some operating ranges of the water- 

lithium bromide pair. Improvements can be achieved by 

adding additives as ethylene glycol or using mixtures of 

various salts rather than (Li-Br) alone, but none of the 

proposed alternatives succeeded in solving all the drawbacks. 

METHADOLOGY 

In this experiment the exhaust pipe of the engine 

is connected to the generator shell by using a pipe. Inside this 

generator shell a generator tank is placed. This generator tank 

is made up of copper. The generator tank is connected to the 

condenser. 

The condenser is of air flow type condenser. The 

air is supplied by the fan which is powered by a motor. The 

condenser is connected to an expansion valve, this expansion 

valve is connected to evaporator by using copper wire and 

copper L-bend connectors. The evaporator is bent and wound 

in a spiral around an eternal sheet. The outlet of the eternal 

pipe is connected to the absorber tank. 

 
Fig.1 

Fig.1: Generator is connected to engine exhaust manifold pipe 

 

One outlet of the absorber is connected to 

evaporator outlet, another is connected to a pump, and last 

outlet is connected to the generator which is connected to the 

heat exchanger. There is a pipe connecting the generator and 

pump. Generator second outlet pipe is connected to the heat 

exchanger which is in connection to a regulating valve which 

connects the absorber tank. This total equipment is fixed on a 

frame. A pipe is welded to the absorber for adding absorber 

Absorber and the refrigerant is filled into the absorber tank in 

the ratio of 25% (refrigerant) and 75 %( absorber). The engine 

exhaust pipe is mounted on the generator shell. When the 

engine is started and run for a while the hot exhaust gases of 

temperature above 1500C enters the generator shell. The heat 

from the exhaust gases is absorbed by the generator tank. 

Inside the generator tank water which is the refrigerant 

absorbs this heat. The refrigerant evaporates and enters the 

condenser in the form of vapor 
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Fig.2 

Fig.2: Experimental setup on VAR system is connected to the 

diesel engine 

This vapor condenses by using air from the fan. 

The heat removed by the fan from the refrigerant in the 

condenser. In the condenser the refrigerant changes its phase 

from vapor to liquid due to the heat lost in the condenser. The 

liquid refrigerant enters the   expansion valve where the 

temperature and pressure reduces due to the narrow space of 

the copper pipe (capillary). This cold refrigerant enters the 

evaporator. This cold refrigerant absorbs the heat from the 

surroundings of the evaporator creating a cooling effect. This 

heat absorbed refrigerant then flows into the absorber tank 

and mixes with lithium bromide forming a weak solution. 

This weak solution is pumped to the generator tank while 

passing through a heat exchanger. Simultaneously the lithium 

bromide separates and falls down into the heat exchanger 

where it exchanges it’s heat with the weak solution and falls 

down into the  absorber tank whereas the water vapor to the 

condenser there by starting the cycle again. The exhaust gases 

exchanges its heat given to the generator tank and passed 

away to the atmosphere 

 

 EXPERIMENTAL CALCULATIONS 

 

 

A. Calculations for 25%Li Br 75% H2O 

1) Heat Rejection from Condenser(Qr)Condenser 

temperature at the inlet (T1) = 41+273 =314 K Condenser 

temperature at the outlet (T2) = 30.5+273 = 303.5 K Mass 

flow rate of air (m) = 1.2 Kg/min 
Specific heat of air (C p) = 1.005 Kj/Kg-k 

QR= m × C p× (T1-T2) 

= 1.2× 1.005 × (314 - 303.5) = 12.663 KW 

2) Heat Extract from Evaporator(Qe)Evaporator 

temperature at the inlet (T2) =16.2+273 =289.2 K 

Evaporator temperature at the outlet (T1) = 21.1+273 =294.1 

K Mass flow rate of refrigerant (Water) (m) = 1.2Kg/min 

Specific heat of refrigerant (Water) (C p) = 4.187kJ/Kg-k 
QE= m × C p× (T1-T2) 

=1.2× 4.187× (294.1 - 289.2) =24.61 KW 

 

1) Heat given to Generator(Qg)Generator 

temperature at the inlet (T2) =118+273 =391k Generator 

temperature at the outlet (T1) = 87.8+273 =360.8 k Mass 

flow rate of exhaust gases (m) = 1.2Kg 

Specific heat of exhaust gases (C p) = 1.063 Kj/Kg-k 

QG= m × Cp× (T2-T1) 

=1.2× 1.063 × (391 - 360.8) 

=36.45 KW 

Coefficient of Performance (COP) Actual 

(COP) actual= 

 

 
Maximum Coefficient of Performance (COP) 

COP= × 

=  × 

COP=2.344 

 

Observation and Result of VARSystem 

Table 1: Experimental observation for VAR System with 

25%Li-Br 75% H2O, Using Water (Refrigerant) and Li- 

Bromide (Absorber) is Working Fluid 

Temperature at evaporator Te =16.2 0C+273=289.2k 

Temperature at condenser Tc =410C+273=314k  

Temperature at generator Tg = 118 0C+273=393k 

 

The reading as in above the tabular form is taken from the 

performance and experimental values of the vapour absorber 

refrigeration. And observe the COP of the vapour absorption 

refrigeration (VAR) system by using a working fluid as water 

and lithium bromide. 

 

RESULTS AND DISCUSSIONS 

 

The results obtained from the absorption 

refrigeration system using the engine exhaust gas as energy 

source and widely varying engine speed. The refrigerator 

average internal temperature at the engine operational 

conditions. In the first 30–45 min it is observed that the 

average refrigerator temperature increases with time. 

The distinct behaviors of the absorption 

refrigeration cycle as a function of its generator temperature. 
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When the heat input is too low (tg=100oC) the evaporator is 

not effectively cooled and the temperature inside the 

refrigerator is lowered by only approximately 20oC. At 

120oC, rapid cooling is achieved at first, but after the 

temperature reaches approximately a 15oC minimum, a 

continuous increase is then observed for 180oC, no 

refrigeration actually occurs due to the overheating of the 

water and lithium bromide or ammonia and water solution. 

for tg=120oC the temperature initially drops because the 

water and lithium bromide or ammonia and water solution 

going through the generator is not yet overheated at the start 

of the process. 

When the water and lithium bromide or ammonia 

and water solution eventually becomes overheated at the 

generator (which happens for t g=120oC after 4 min and for 

tg=180oC from the start), the refrigerant is not condensed at 

the condenser of the absorption cycle and is unable to extract 

heat From the evaporator. The only condition which produced 

a steady decrease in temperature throughout the entire 

duration of the experiments wastg=110oC 

The results agree with the predictions of previous 

works, which stated that excessive exhaust gas heat (produced 

by high engine speeds/torque) lead to poor refrigeration 

performance justifying the implementation of the control 

scheme proposed In the present study. 

The experiments whose results are present in 

process will be recorded in the experimental table. Were such 

the extended periods of   time because their objective is to 

determine the reference values for the generator temperature 

which was capable of causing the refrigerator to cooling 

efficiently. 

CONCLUSION 

Performance of vapour absorption system using 

exhaust waste energy from diesel engine has been carried out 

in this experiment. It is marked that COP strongly depends on 

working conditions such as generator, absorber, condenser 

and evaporating temperature. 

The vapour absorption automobile air 

conditioner is an economically attractive concept for utilizing 

exhaust waste heat because most of the energy input comes 

from the heat available in the exhaust gases, with only small 

electric power used to operate the pump. 

For 25% Li-Br 75%H2O the theoretical 

efficiency of a vapour absorption refrigeration system is 0.675 

and it is 0.609 for 30% Li-Br 80%H2O, from this we conclude 

that VAR with 25% Li-Br 75%H2O gives the best efficiency 

In the second stage tests were conducted with the 25% Li-Br 

75%H2O and Magnets are connected in liquid line of the 

refrigerator, here we use anlico (Aluminium Nickel Cobalt 

alloy) magnets are used for the experimental study. 

The COP of an Li-Br H2O vapour absorption 

refrigeration system is 0.872 for 25% Li-Br 75%H2O with 

one pair of magnet, 1.2 with two pairs of magnets and 1.01 

for three pairs of magnets. So the maximum COP is 1.2 

obtained for 25% Li-Br 75%H2O with two pairs of magnetic 

pairs. 

The engine exhaust gas was confirmed as a 

potential power source for absorption automobile air 

conditioner system. In other words, the absorption 

refrigeration system may be able to take advantage of the 

exhaust gas power availability and provide the cooling 

capacity required for automotive air-conditioning. 

Water and lithium bromide, should be considered 

as a viable alternative to mechanical vapour compression 

cycle. Appreciable cooling load reduction can be realized by 

modification on the automobile body and the door and 

windows design. 

With flexibility in operation, absence of 

compressor noise, very low maintenance and high reliability. 

The waste heat energy available in exhaust gas is directly 

proportional to the engine speed and exhaust gas flow rates. 
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Abstract— This work presents the effect of changes in inlet 

temperature of coil side of the heat exchanger while the shell side 

of inlet fluid temperature is remains constant. The aim of this 

work is to study for the influence of Sio2 and Cuo Nano-fluids 

with constant concentration of 2.5% along the shell side of the 

heat exchanger. To capture the flow dynamics and the heat 

transfer characteristics the k-ε model is employed for the 

turbulent flow regime. The numerical simulation is carried out 

with use of software Ansys Fluent 14.0. The three different inlet 

hot fluid temperature of coil side of heat exchanger is varied (i.e., 

333 °K, 343 °K and 353 °K) and also three different mass flow 

rate of 0.03 kg/s, 0.05 kg/s and 0.07 kg/s are varied. The results 

showed that the convection heat transfer coefficient increases 

with increasing the inlet hot fluid temperature of coil side of heat 

exchanger. Consequently, the base fluid and Sio2 Nano-fluid 

showed similar performance while Cuo nan-fluid showed 

moderate improvement of heat dissipation rate for variation in 

temperature as well as mass flow rate of the fluid. In addition, by 

adding concentration of Nano fluid in the base fluid leads to 

increase in the pumping power with increasing mass flow rate of 

the fluids.  

 

Keywords—convective heat transfer coefficient, mass flow 

rate, pressure drop, Nano fluids, shell and coil type heat 

exchanger.  

INTRODUCTION  

 In the present scenario the shell and tube heat 

exchanger is the most prominent and commonly used heat 

exchanger in oil refinery industry and other chemical 

processes, because it suits high pressure applications.  The 

natural law of physics always allows the driving force in a 

system to flow until the system is reached to equilibrium. In 

general, the heat energy leaves from the hottest fluid or warmer 

body there is exits a temperature gradient or the temperature 

difference, and it allows to transfer to a cold body or cold fluid. 

The heat exchanger adopts this principle in it’s to attempt to 

reach equalization. Hence, the most well-known kind of heat 

exchangers to be experienced in the warm applications is shell-

and-cylinder heat exchangers [1]. These are accessible in an 

assortment of setups with various development highlights and 

with varying materials for explicit applications.  The 

enhancement of heat dissipation through the shell and tube 

heat exchanger quite taking more attention by the researchers. 

Abd et al. [2] explored the parametric study on the 

performance of shell and tube type of heat exchanger. The 

study investigated in account of the effect of parameters like 

tube length and shell diameter on convection coefficient and 

pressure loss in alteration of square and triangular pitches on 

shell side of heat exchanger. Son and Shin [3] extended the 

study on the enhancement of heat transfer through shell and 

tube heat exchanger by providing spiral baffles fins inside the 

tube. The spiral baffles fins create more turbulence inside the 

shell leads to increase in efficiency of the heat exchanger. De 

et al. [4] carried out the numerical investigation on the 

enhancement of heat dissipation for shell and tube heat 

exchanger by designing helical baffles plates inside the tube. 

The helical baffles are designed in such way that the angle of 

helix is varying from 0° to 30° and with these obtained 

numerical results is compared with straight baffles. The results 

revealed that, the convection coefficient improves with 

increasing the inlet fluid velocity. The results of pressure drop 

decreases on shell side compared to straight conventional 

baffles heat exchanger. However, with increasing the angle of 

helix up-to 12° the pressure drop increases significantly and it 

lowers helix angle larger than 12°. The optimum helix angle is 

found to 10° for better enhancement of heat transfer and 

similar kind of study is carried out by Elias et al. [5]. Swetha 

et al. [6] carried out experimental study on shell and tube heat 

exchanger for various concentration of Al2O3 nano-fluid. They 

reported that by varying the concentration of nano-fluid the 

thermal conductivity of the fluid increases sharply until a 

certain limit. Surana et al. [7] carried out numerical 

investigation on augment of heat transfer through shell and 

tube heat exchanger in consideration of Al2O3 nano-fluid. This 

study explored the effect of tube diameter and unequal baffles 

are located inside the heat exchanger. The study concludes 

that, the overall heat transfer coefficient of the heat exchanger 

increases up-to the certain concentration of nanoparticle and 

thereafter it decreases significantly. Furthermore, with 

insertion of unequal baffles the convection coefficient 

increases, and pressure drop decreases.  

 The augment in heat transfer can be accomplished 

by providing the spiral/coil type of heat exchanger through 

which hot inlet fluid flows while cold fluid flow from shell 

of the heat exchanger. The spiral/coil type heat exchanger 

takes more attention because fluid swirls or proper mixing 

of fluid inside the coil leads to increase heat transfer 

coefficient leads to advance in heat dissipation rate. 

Though the more study are available on shell and coil type 

of heat exchanger. But, for the present study the authors 

motivated to work variation in inlet temperature of hot 

fluid of coil side of heat exchanger while shell side cold 

fluid at inlet is kept constant. 

METHODOLOGY 

o Geometry modelling  

 The geometry is modelled using Creo 2.0 

software. Creo 2.0 is a fundamental, ascendible stage that 

gives an entire arrangement of style, investigation and 

creating abilities. Later the geometry is meshed and 

simulated using commercially available software Ansys 

Fluent 14.0. Details the dimensions of shell and coiled heat 

exchanger which is shown in the Fig. 1(a) and (b).  
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o Numerical domain 

 The computational domain is meshed using 

software Ansys Fluent 14.0. For the current study tetra-

hydral element is considered for the numerical simulation 

which is revealed in Fig. 2(a). For the present study finite 

volume method (FVM) is adopted for numerical simulation. 

The inlet hot fluid flows from coil side varying three 

different temperatures and shell side of the cold fluid is kept 

constant with varying mass flow rate of base fluid as well as 

Nano-fluids. The direction of the hot and cold fluid are 

presented in Fig. 2(b).  

 
(a) 

 

 
 

(b) 
Fig. 1 Geometry modeling and dimensions of heat exchanger 

 

 
 

(a) 

 
(b) 

Fig. 2 computational domain considered for numerical simulation. 

o Boundary conditions 

 The coil side heat exchanger of the hot fluid is varying 

various temperatures of 333 °K, 343 °K and 353 °K 

respectively and shell side of cold fluid temperature is kept 

constant of 300 °K. Further, the three different mass flow 

rate of the cold fluid is varying at inlet shell side of heat 

exchanger. The properties of nano-fluid are computed using 

the relation as per [1]. The zero-gauge pressure is maintained 

at outlet of coil and shell heat exchanger. The no-slip 

boundary condition is adopted for all surfaces. The details of 

the boundary conditions incorporated for the present 

numerical simulation is depicted in Table 1. 

 
Table.1 

Parameter Coil side Shell side 

Inlet temperature 
333 °K, 343 °K and 

353 °K 
300 °K 

Mass flow rate 
0.03, 0.05 and 0.07 

kg/s 
0.03, 0.05 and 0.07 

kg/s 

Outlet Zero-gauge pressure Zero-gauge pressure 

Fluid Hot water 

Cold water, Cold 
water + 

concentration of 

2.5% of Sio2, and 
cold water + 2.5% 

of Cuo nano-fluids 

Material aluminium aluminium 

 

 RESULTS AND DISCUSSION 

 The numerical analysis of this research work has been 

carried out for the following various cases of inlet hot fluid 

temperature of coil side heat exchanger and also various 

mass flow rates of hot and cold fluids and studied the 

convection heat transfer coefficient and pressure drop. 

o Heat transfer coefficient 

Case – I:  

Coil side region: Hot Fluid- water (temperature: 333k) 

Shell side region: Cold fluid: Cuo (temperature: 300k) 

 The results of case-1 as shown in fig. 3. Fig 3(a) presents 

the heat transfer coefficient versus mass flow rate of the fluid 

for base fluid water and constant volume of fraction of 2.5% 

Sio2 and Cuo of nano-fluids blended with water. From the 

Fig. 3(a), it is observed that the convection coefficient 

increases with increasing the mass flow rate of the fluid. It is 

also observed that the base fluid of water and concertation of 

Sio2 performs the similar results with increasing the mass 

flow rate of the fluid. However, the concentration of Cuo 

blended with water showed the significant improvement in 

the convection coefficient at mass flow rate of 0.05 kg/s. Fig. 
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3(b), (c) and (d) presents the temperature contour plots of 

coil and shell type of heat exchanger at constant mass flow 

rate of 0.03 kg/s. 

 

(a) 

 
 

 

 

 
(b) 

 
 

 
(c) 

 
(d) 

Fig. 3 (a) Heat transfer coefficient vs. mass flow rate, temperature 

contour plots for, (b) water, (c) water + 2.5% Sio2 and (d) water + 2.5% 

Cuo, at constant mass flow rate of 0.03 kg/s. 

Case – II:  

Coil side region: Hot Fluid- water (temperature: 343k) 

Shell side region: Cold fluid: Cuo (temperature: 300k) 
 The results of case-2 as shown in fig. 4. Fig 4(a) presents 

the heat transfer coefficient versus mass flow rate of the base 

fluid and concentration of nano-fluid. From the Fig. 4(a), it 

is understood that, the base fluid of water and concertation 

of Sio2 blended with water shown the similar kind of results. 

This is may be due to the thermal conductivity of water and 

blended Sio2 in water has almost equal.  However, Cuo nano-

fluid blended with water has shown advancement in heat 

transfer coefficient compared to water and Sio2 blended with 

water. This is because Cuo nano-fluid blended with water 

tends to improve the thermal conductivity of fluid and it 

leads to gain more heat from coil side heat exchanger of hot 
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fluid. It is also seen that, the concentration of Cuo blended 

with water showed the considerable improvement in the 

convection coefficient for all mass flow rate of fluid is 

considered for numerical simulation. Fig. 4(b), (c) and (d) 

presents the temperature contour plots of coil and shell type 

of heat exchanger for water and concentration of nano-fluids 

mixed with water at constant mass flow rate of 0.03 kg/s. 

From the temperature contour plots it is clearly observed that 

as the hot fluid flow from the coil side the shell side cold 

fluid gains heat is almost equal for water and water with Sio2 

nano-fluid. Consequently, shell side of Cuo nano-fluid 

absorb more heat at half the length of heat exchanger from 

coil side of hot fluid as the fluid progress towards the exit of 

coil heat exchanger.  

 

 
(a) 

 
 (b) 

 
(c) 

 
(d) 

Fig. 4 (a) Heat transfer coefficient vs. mass flow rate, temperature 

contour plots for, (b) water, (c) water + 2.5% Sio2 and (d) water + 2.5% 

Cuo, at constant mass flow rate of 0.03 kg/s. 

Case – III:  

Coil side region: Hot Fluid- water (temperature: 353k) 

Shell side region: Cold fluid: Cuo (temperature: 300k) 

The results of case-3 as shown in fig. 5. Fig. 5(a) 

presents the heat transfer coefficient versus mass flow rate 

of the base fluid and concentration of Nano-fluid. In this 

case also, the convection coefficient is showed very similar 

kind of results for water and water with Sio2 Nano-fluid 

with respect to mass flow rate of fluid. Moreover, the Cuo 

Nano-fluid mixed with water has augment in convection 

coefficient with progressively increasing mass flow rate of 

the fluid. But, this increase in convection coefficient 

improved marginally for different mass flow rate of the 

fluid is considered for study. Fig. 5(b), (c) and (d) presents 

the temperature contour plots of coil and shell type of heat 

exchanger for water and concentration of Nano-fluids 

mixed with water at constant mass flow rate of 0.03 kg/s. 

The temperature contour plots showed very similar for the 

base fluid and nano-fluids considered for the simulation. 

 
(a) 
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(b) 

 
 

 
Fig. 5 Heat transfer coefficient vs. mass flow rate, temperature 

contour plots 

 

 Pressure drop variation with mass flow rate of fluids as shown 

in fig. 6. From the figure it revealed that the pressure drop 

increases with increasing the mass flow rates of the fluids. 

However, base water with Cuo Nano fluid presents the highest 

pressure drop than the base fluid and base fluid with Sio2 

nanofluid. This may be due to that the concentration of Cuo has 

higher in dense require more pumping power to lift the fluid. In 

addition, the base fluid with Sio2 nanofluid has more pressure 

drop for all flow rates of fluid is considered compared to the base 

fluid. 
 

CONCLUSIONS 

Based on the present study of shell and coil type heat 

exchanger the important points are drawn below. 

 The results of convection heat transfer coefficient and 

total heat dissipation rate showed the similar 

performance for base fluid as well as Sio2 Nano-fluid. 

Henceforth, the Sio2 Nano-fluid with concentration of 

2.5% is not significant effect on the performance of 

the heat exchanger. 

 The Cuo Nano-fluid showed moderate enhancement 

in heat transfer compared to base fluid and Sio2 Nano-

fluid.  

With increasing inlet temperature of hot fluid of coil side of 

heat exchanger and with increasing the mass flow rate of 

fluid, the convection heat transfer coefficient as well as total 

heat transfer rate increases for base fluid and even for Nano-

fluids also. 

The pressure drops increases for all flow rates of fluid. The 

Cuo Nano fluid shows the highest pressure drop and Sio2 

showed in between Cuo Nano fluid and base fluid. It is 

important to note that the Sio2 Nano fluid showed the highest 

pressure drop compared to base fluid with similar heat 

transfer enhancement. 
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 Abstract— Nano suspensions serve as best candidate in 

variety of industrial and engineering applications. One such 

sector is heat transfer agent. Nano fluids enhance the heat 

transfer rate by many folds than conventional cooling media 

while making the system compact. Present study aims to 

explore the role of PH on rheological behavior of SiO2 nano 

fluids. Present investigation reports a drop in viscosity of fluid 

by around 9% for a volume concentration of 0.07% with 

surfactant concentration of 0.05%. 

Keywords— rheology, dynamic viscosity, PH value, nano 

fluid          

                                                               

INTRODUCTION 

Nano materials are tiny particles of which at least one 

dimension is in the order of nm which contributes to 

surprising enhancement in thermo physical properties of the 

same [1,2]. Evaluation and control of dispersion stability by 

the way of electrostatic and electrostatic modification is of 

major concern from various scientific applications [3]. 

Stirred media milling technique can be adopted to produce 

various popular nano particles in which PH value can be 

controlled easily to promote stability of suspension [4]. 

The rheology of CaP suspensions is used to predict the 

inject ability of this generation of biomaterial. In 1965, one 

of the first studies related to CaP suspension rheology 

investigated the viscosity of dicalcium phosphate 

suspensions (Bujake, 1965). Results demonstrated 

appreciable shear thinning behavior and suggested 

significant particle–particle interaction in these 

suspensions. Over most regions of the shear rate (γ˙), the 

empirical power-law equation τ = Kγ˙n was proposed to 

describe flow curve of CaP suspensions, where τ is the 

shear stress, K is the consistency factor and n is the flow 

index. Rao and Kannan examined the yield stress and 

viscosity of hydroxyapatite suspensions (Rao and Kannan, 

2001).  

For all suspensions, the researchers observed a yield stress 

and a shear-thinning followed by shear-thickening 

behavior. Generally, shear thickening appears to occur at 

high particle loading (Knowles et al., 2000). Friberg et al. 

(2001) measured the viscosity of βTCP suspension by 

varying the liquid-to-powder ratio (LPR), employing 

powders of two medium particle sizes, and adding three 

different modifiers. More recently, Baroud et al. (2005) 

have studied the rheological properties of concentrated 

aqueous βTCP suspensions. This study has reported 

measurements of the yield stress and the viscosity as a 

function of LPR and milling time of the powder.  

The LPR clearly affected the rheological properties of CaP 

suspensions. Increasing LPR results in a more dilute 

solution with less particle–particle interaction, and hence 

lower viscosity and yield stress. The effect of milling time 

was significant, viscosity and yield stress increased as a 

function of the milling time (Bujake, 1965; Knowles et al., 

2000). Liu et al. (2006) studied rheological properties of 

concentrated aqueous injectable CaP cement. Their 

investigations showed that CaP cement presented visco 

plasticity and thixotropy. Results of this study confirmed 

the dependence of the technological parameters such as 

LPR, temperature and particles size on the rheological 

behavior of CPC (Liu et al., 2006). 

Nanoparticles with their unique and unpredictable 

properties have recently attracted much attention in several 

branches of the petroleum industry. This paper is aimed at 

studying hydrophilic silica-alumina and slightly 

hydrophobic silica nanoparticle behaviors to see if they 

have enough feasibility to be used as an appropriate agent 

in enhanced oil recovery, especially polymer flooding. The 

main focus is on the rheological behavior of these 

nanomaterials in aqueous and polymeric media. Viscosity 

measurements showed that both nanoparticles had a great 

ability in rheology modification of aqueous solution.  

The solution viscosity was studied as a function of 

nanoparticle concentration and shear rate. The stability 

improvement of nanoparticle suspensions was also 

investigated by dissolving fixed amounts of hydrolyzed and 

sulfonated polyacrylamides. The stability of slightly 

hydrophobic silica suspensions was significantly improved 

by low molecular weight polymers. Instead, nanoparticles 

considerably enhanced polymer solution viscosity. Finally, 

sand-pack flow experiments, conducted in optimum 

conditions, revealed how nanoparticles may uniquely 

enhance polymer flooding performance. 

  

Methodolgy of sample preperation 

In the present investigation nano suspension samples 

prepared by dispersing SiO2 nano particles in distilled 

water. SiO2 nano particles of average diameter 20nm was 

purchased from Sisco Research Laboratories, India. Nano 

particles were used as received without any further 

processing.  Various nano fluids samples were prepared 

with different surfactants in order to understand the 

compatibility of surfactant with the chosen nano material. 

Experimental trails revealed C-TAB as best compatible one 

as compared to other surfactants. Hence, C-TAB was used 

as surfactant in the present experimentation. Nano fluid 

samples were prepared by two step method. Initially 

surfactant dispersed in to distilled water and stirred with 

magnetic stirrer. After ensuring the surfactant particles 

dispersed uniformly in the base fluid then nano particles 
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added to it and continued stirring. REMI make 5MLH 

stirrer used for the mixing 

 
Figure 1: Magnetic stirrer 

Then the stirred suspension was loaded into ATHENA 

make Ultrasonic probe sonicator with 20 Khz frequency 

and sonicated by setting run program to six. In this 

particular program the probe run time is for 15 seconds and 

idle time for 15 seconds. 

 

Figure 2: Ultrasonic probe sonicator 

All prepared samples were collected into glass tube sample 

bottles and preserved for stability observation. Thermo 

physical properties of the coolant play a key role in 

improving the heat transfer rate and convective heat 

exchange coefficient. In the present investigation an 

attempt made to study the rheological properties of nano 

fluid with adjusting the PH value. In this work, we used the 

method of changing suspension pH value to generate strong 

repulsive forces and to reduce the coagulation of 

nanoparticles to obtain low viscosity (well-dispersed) 

suspension. In order to alter the PH value, the samples were 

added 0.1M concentration NaOH solution and HCL acid 

drop wise using micro pipette and stirred thoroughly.  

 
FIGURE 3: NANO SUSPENSION PREPERATION FLOW CHART 

 

TABLEI. PROPERTIES OF SUSPENSION CONTITUENTS 

Constituent of 

suspension 
dimension density 

Water - 997.5Kg/m3 

Constituent of 

suspension 
dimension density 

SiO2 Nano particle 
20nm average 

diameter 
2220Kg/m3 

 

Dynamic viscosity of the samples was tested using 

LMDV60 digital rotational viscometer with different 

rotations of the spindle ranging between 0.3RPM to 60RPM 

and considered average value of all different observations. 

For ensuring accuracy of the results every observed was 

conducted for thrice repeatedly for same sample. 

 
Figure 4: Viscosity measuring unit 

 

RESULTS AND DISCUSSION 

Figures 5,6 presents the variation plots of dynamic viscosity 

and PH value of suspension for different volume 

concentrations. From the experimental results it is 

concluded that the temperature plays prominent influence 

on dynamic viscosity for the same volume concentration of 

nano particles. As the temperature increases the viscosity 

changes inversely due to shear thinning nature of the 

suspension. From figure 6, it is reported that the 

concentration of surfactant is playing vital role in adjusting 

the PH value of the suspension which leads to better 

dispersion stability of the nano suspension. 

 

 
Figure 5: Dynamic viscosity of nano fluid against volume concentration at 

different temperatures. 

 



Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

128 

 

 
Figure 6: PH value of nano fluid against volume Concentration at 

different temperatures 

           

CONCLUSIONS 

Effects of particle concentration and surfactant 

concentration towards the variation of dynamic viscosity as 

well as PH value of the nano fluid were investigated. As 

rheological properties reflect on the energy dissipation by 

the way of inertia to free flow of fluids it has become major 

concern of this investigation. Present study reports the role 

of PH on rheological behavior of SiO2 nano fluids. Present 

investigation reports a drop in viscosity of fluid by around 

9% for a volume concentration of 0.07% with surfactant 

concentration of 0.05%. 
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Abstract— In today’s world, bicycles are the most popular 

choice when it comes to health, pollution and other things. A 

lot of research has been done to make the journey more 

comfortable. Different types of wheels designed for travelers 

for a variety of applications such as cycling, mountain biking 

and bike racing. This paper introduces a loop wheel designed 

for the suspension system, which extends inside the wheel 

excellent performance and good comfort. Loop wheels give 

you a smooth ride. Loop wheel spring is available it is usually 

made of composite materials carefully crafted to provide good 

compression and lateral strength and strength and endurance. 

The three loops on all wheels act as a self-repair system. This 

spring system between the hub and the wheel of the wheel 

provides a continuous adjustment arrangement in unequal 

places stopping passengers from an unknown wheel on the 

road. Spring configuration allows torque to occur transmits 

smoothly between hub and the rim. This cycle is made using 

C20 material. 

Keywords: Loop wheel, integrated suspension system, 

Triangular hub. 

I. INTRODUCTION  

Loop wheel is a wheel with an important suspension, 

designed for better performance of surprise and great 

improvement. Loop wheels give you a smooth ride. They 

are more comfortable than regular wheels. The springs 

produce boring vibrations, as well as bumps and shock. 

They are designed for everyday use and are durable and 

long lasting. The bicycle loop wheels help people cross 

uneven roads, rough tracks and paved roads, with minimal 

effort, and springs give you more power to get up or down 

the road. They reduce vibration, compared to a talking 

wheel. In our project the concept of suspension wheel 

suspension represents a new approach to the external road 

by taking advantage of current high-power power 

components. The concept of a loop wheel has been found to 

be very useful in a world that reduces aging and cracking. 

The Loop wheel wheels in the spring are made of synthetic 

carbon material, carefully developed and tested to provide 

lateral stability, as well as strength and durability. Carefully 

developed and tested for this specific application. All loop 

wheels within the product category have a certain degree of 

compression.  

II. METHODOLOGY  

The main target is to achieve the desired deflection in the 
suspension for a particular weight of rider means driver. 
Considering the use of application of mild steel material is 
selected for the loop wheel. The wheel is designed to 
considering the impact forces coming from ground and 
lateral forces while Cornering. Also a custom hub is used to 
design to accommodate the entire loop with the help of nut 
and bolt. 

Project identification: Finally after reading a separate 
research paper, we decided that work would be done on 

System suspension. The concept of loop wheels is a 
suspension system built into circles or disabled vehicles. 
The standard bicycle have a different suspension system that 
gets more space and not stuff too Weight but still unable to 
maintain the sudden effects we think which system can be 
changed will do just that and increase the design process. 
Realizing the problem with suspension, we decided to work 
on the suspension process. 

Composition phase: In this section we plan to design a 

waiting wheel suspension by calculating the width, length 

and thickness also includes its bending strength and load 

retention capacity. The most important thing in this project 

with material selection will be decided by who can support 

the highest and most flexible load. 

System drawing: The calculated values   are used to draw a 

realistic drawing that provides an easy way to do it build 

your mind. 

Procurement: The specified parts is purchased from the 

market according to our requirement and. A special design 

rim will also be purchased at the market at all things must be 

right. 

Production Phase: It covers all the purchased items of our 

design, including a welding process, grinding cut, turning, 

balance. 

Testing: In testing we are evaluating deflection of the loop 

wheel on the basis of different road level. 

III. OBJECTIVE 

(1) To provide better shock-absorbing performance. 

(2) To give smoother ride. 

(3) To increase load bearing capacity 

IV. COMPONENTS USED 

Tires: The tire is a circular wheel that measures the rim of 

the tires to protect it and allow for better motor performance 

by providing a flexible cushion that holds the shock while 

keeping the tire very close to the ground. 

Wheel Rim: A rim is usually made of metal to form a loop, 

or it may be a carbon fiber composite structure. Bicycle tires 

are usually designed to fit the frame and fork using scrap, 

and to hold bicycle tires. 

Loop Spring: Spring loop is a simple spring method 

commonly used for suspension in wheeled vehicles. 

Wheel Hub: The hub is the central part of a bicycle wheel. 

It contains an axle, bear and a harp shell. The harp is the 

center of the wheel. 

V. DESIGN AND CALCULATION  

WE KNOW THAT, 

               RA+RB=90 KG 

             90*9.81=882.9N 

TAKING MOMENT ABOUT A 

           MA=0 

       W*X-RB*Y=0 

     882.9*750-RB*1080=0 
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 RB=613.125N (REAR WHEEL FORCE) 

 RA=882.9-RB 

 =882.9-613.125 

 =269.775N (FRONT WHEEL FORCE) 

FROM ABOVE CALCULATION WE HAVE CONCLUDE THAT, 

1. 30 % load acting on front wheel  
IE. (269.775 N) 

2. 70 % LOAD ACTING ON REAL WHEEL 

IE. (613.125 N) 

AVERAGE MASS OF RIDER = 75KG. 

AND AVERAGE WEIGHT OF CYCLE = 15KG 

TOTAL AVERAGE WEIGHT OF CYCLE INCLUDING RIDER 

     M = 90KG, F = 882.9N 

 NOW CALCULATION OF FOR TOTAL LOAD ON EACH WHEEL. 

 LOAD ACTING ON FRONT WHEEL. 

=269.775N 

 LOAD ACTING ON REAR WHEEL. 

=613.125N 

 SO, MAXIMUM LOAD ACTS ON REAR WHEEL SIDE. 

NOW, LEAF SPRING WILL BE DESIGNED FOR MAXIMUM LOADING 

CONDITION. (I.E. FOR REAR WHEEL.) 

              F MAX = F = 613.125N 

WE USED C-20 MATERIAL,   

 TENSILE STRENGTH = 560N/MM^2 

 YIELD STRENGTH = TENSILE STRENGTH / F.O.S 

          = 560/2 

 YIELD STRENGTH = 280N/MM^2. 

DIMENSION OF CROSS SECTION OF THE LEAF IS TO BE DETERMINED.  

    FOR,    F = 613.125  

FOR DETERMINING THE THICKNESS OF THE LEAF, LET US CONSIDER  

 MAJOR AXIS LOOP (L) =300MM (12INCH) 

 MINOR AXIS LOOP (H) =195MM (7.8INCH) 

 WIDTH OF SPRING (B) =25MM (1INCH) 

 E=200 MPA 

WE KNOW THAT MAXIMUM PRINCIPLE STRESS 

        ΣMAX = 3FL/2NBT^2 

            560=3*613.125*300/2*1*25* T^2 

                 T=4.439MM ~5MM. 

 THICKNESS OF THE SPRING T = 5MM. 

1. CALCULATION OF MAXIMUM PRINCIPAL STRESS 

       ΣMAX = 3FL/2NBT^2 

                 = 3*613.125*300/2*3*25*5^2 

                 = 147.15 N/MM2 < 280 N/MM^2 

      HENCE, DESIGN IS SAFE. 

2. CALCULATION OF MAXIMUM DEFLECTION 

        ΔMAX = 3FL^3/8NBT^3E 

                  =3*613.125*300^3/8*3*25*5^3*2*10^5 

                  = 3.3108 N ~ 4 MM. 

 

FIG -1:- 3D Model of Loop Wheel 

A. Advantages  

1) Better shock-absorbing performance. 

2) Greater comfort. 

3) Smoother ride. 

4) More comfortable than standard wheels. 

5) They are extremely strong. 

 

CONCLUSION 

This project is to increase shock - better absorption and 

suspension of the bicycle wheel. the loop wheel is designed 

to help you navigate uneven roads, grass cliffs, grass, 

difficult tracks and rocky terrain with minimal effort. 

Combined rubber bands give you extra strength to get up or 

down the road. 
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Abstract— As the saying goes, "There is no energy crisis, only 

a crisis of ignorance”. With the minds of research along with 

scientific investigation, a pathway has led to deep dive into 

renewable energy sources. In the era of energy crisis 

renewable energy is seen as a farsighted option with great 

capability and endurance. This paper deals with application of 

solar thermal energy with vapor absorption system. In vapor 

absorption, system heat energy is taken as source of input 

energy unlike mechanical energy in vapor compression 

refrigeration system. The performance characteristics and 

evaluation depends on heat energy supplied and pump work 

used in the refrigeration system .Hence, here idea of 

experimental setup developed from this thought that if the 

heat energy required for the process is extracted from the 

solar energy and supplied to the generator then energy 

requirement to the generator can be reduced. Hence, our 

project novelty is based on the running a vapour absorption 

refrigeration system using the heat energy extracted from 

solar energy by using a parabolic solar heat collector. This 

heat is used to supply the heat required in the generator for 

the system. Hence, our result of experiment would aim for 

generation where the input work of electrical energy is given 

only through pump and other sources of input work are 

removed. Air-conditioner and refrigerator uses 70% of 

domestic energy utilized. This work provides a solution for 

this high energy consuming machines. We hope to take a small 

step in this direction for future development and 

establishment of new advancements in this regard. 

 

Keywords - Renewable Energy, Vapor Absorption, Heat 

Energy, Parabolic Solar Heat Collector, Solar thermal 

energy, pump work 

INTRODUCTION 

Per capita energy consumption of the people of a 

particular country plays a major role in the country’s 

development. It is said that more the energy consumption 

more prosperous is the country, small changes are done in the 

same case by utilizing clean energy which is environmental 

friendly. According to Martin Rees, he stated that “we do not 

understand the consequences of rising population and 

increasing energy consumption on the interwoven fabric of 

atmosphere, fabric and life.” There is an increased need of 

using the clean energy and specially dealing with the 

refrigerants causing the depletion of ozone layer. So, the need 

has been arrived to utilize the renewable sources of energy to 

find the solution in this path of literature surveys like 

Sorawitkaewpradub1 et al found a way to utilize waste engine 

heat from the exhaust of the automobiles in generating 

refrigerating effect. Piyush mahendru2 et al studied about the 

analysis of lithium bromide, water vapor absorption 

refrigeration system using the mole concentration concept. 

Pongsidsrikhirin3 et al studied about various vapor absorption 

refrigeration systems present and the working fluids which 

may be used to achieve various outputs. Arturo Gonzalez   

Gils4 studied about solar air cooling on single and double 

effect lithium bromide vapor absorption refrigeration system. 

Benjamin Bronsema5 identified the problems faced in hybrid 

ventilation systems and provided certain solution to them. 

T.O Ahamdu6 studied about a lithium bromide chiller, which 

gave a maximum cop of 0.42. The source utilized was waste 

heat in the experiment. Mr. Aniket Gandhi & Dr. 

R.Arakerimath7 studied about solar vapor absorption cooling 

system utilizing parabolic solar dish collector where the cop 

was obtained to be 0.72 for the cycle.JoydeepChakraborty8 et 

al studied about lithium bromide vapor absorption system 

using solar energy. Anan Pongtornkulpanich9studied about a 

new pair of absorbent and refrigeration in vapor absorption 

refrigeration system using activated carbon and methanol 

providing the required heat through solar energy. Soteris 

Kalogirou10 studied about designing a lithium bromide vapor 

absorption refrigerator providing the necessary design 

conditions for heat exchangers.  

GAPS IDENTIFIED FROM LITERATURE 

SURVEY 

 Although vapor absorption refrigeration 

outstands vapor compression system in many aspects like 

using non- harmful refrigerants, using clean energy and 

reducing carbon emissions indirectly most of the literature 

work has been done on lithium bromide refrigeration 

system. Very little work is done in the recent times on 

ammonia water vapor absorption system. Since ammonia 

has the freezing point of -77c which is very less compared 

to lithium bromide which is better option considering the 

application in the field of refrigeration? Hence, based on 

literature survey it is decided to conduct an experimental 

analysis on ammonia water based vapor absorption 

refrigeration system aiming for obtaining better results 

compared to lithium bromide refrigeration system. The 

novelty of the paper is the utilization of solar heat energy 

applications for producing refrigerating effect using 

ammonia water as the working pair. In the vapor absorption 

system, we require heat energy for the separation of 

refrigerant and absorbent. The heat source required for this 

is supplied with the help of solar heat supplied from the 

parabolic solar collector. Once the connections are made, 

coefficient of performance is calculated and the results are 

analyzed. 

 Renewable energy sources make the future path for 

saving energy and the solutions to energy consumption. 

The concept of setting an interlink for obtaining 

refrigerating effect with solar heat generated from parabolic 
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solar trough not only overcomes the deficiency of energy 

consumption but also deals with overcoming the high-end 

solution for ozone layer depletion which is the problem at 

alarming stage in the present days. 

WORKING PRINCIPLE OF ABSORPTION 

SYSTEM 

In a vapor absorption system, two fluids are used which 

are the absorbent and refrigerant. Absorbent is a substance 

which absorbs the refrigerant causing the pressure to reduce. 

As a refrigerant vapor gets absorbed the temperature of the 

refrigerant gets reduced due to vaporization of the refrigerant. 

This basic process causes the refrigerating effect. As this 

occurs the absorbent becomes more and more diluted due to 

refrigerant getting absorbed into it and hence to separate this 

again heating is used to bring the absorber back to its normal 

state. Hence, by the process of supplying heat energy the 

refrigerating effect is produced in a cyclic process. 

 
Fig-1.Working of vapor absorption system. 

 

EXPERIMENTAL SET UP 

 

SOLAR PARABOLIC TROUGH COLLECTOR: 

A parabolic shaped solar collector is used to obtain 

maximum concentration of solar radiation. The fabricated 

solar trough collector is made up of materials like aluminum 

plates and ply wood was used. The ply wood was set up as 

the initial layer on which aluminum sheets are placed and 

pasted. A pipe situated at the focus on the parabola so that the 

solar radiation on the collector will be concentered on it and 

the refrigerant flowing inside the pipes gets heated up. Here 

this works as a generator for separating the refrigerant and 

absorbent. 

 
Fig-2. Fabrication of solar parabolic trough collector 

 

 
Fig-3. Condenser, absorber and evaporator unit. 

 

Table -1: COMPONENTS USED IN THE 

EXPERIMENT: 

 
S.N

o 
Component Material Specification Size Units 

1 
Parabolic 
collector 

Aluminu
m 

1 tube 1 meter 

2 Condenser Copper 16 Windings 0.4 meter 

3 Expansion valve Copper 40 Windings 1.5 meter 

4 Absorber Iron 1 

0.15

x 
0.20 

Meter2 

5 Pump Plastic 1 4 Watt 

6 Thermocouples Digital 4  
Celsiu, 

Kelvin 

The experiment was made by using the above listed 

materials and connected in an order based on working 

principle. The refrigerant was filled into the condenser after 

all the necessary connections are made under the supervision 

of a technician. The fabricated parabolic solar collector was 

connected to the refrigeration system. The experiment is 

conducted and the values of different temperatures are noted 

using digital thermocouples at the various connections like 

condenser, generator, & evaporator, based on the values of 

temperature readings we found the coefficient of performance 

at various timings of the day according to the availability of 

solar energy in the day time. On completion of it we collected 

the values of temperatures for a week and the average 

instantaneous coefficient of performance was found. 

 

THE EXPERIMENT WAS MADE ON THE 

FOLLOWING ASSUMPTIONS: 

 The flow is considered as steady and renewable 

 Pure refrigerant is flowing in the condenser, 

expansion valve and evaporator. 

There is no pressure loss in the system 

 Changes in kinetic and potential energy are 

negligible in the system 

 

CALCULATIONS 

Tg- Generator Temperature        Tc- condenser 

temperature 

Te- evaporator temperature 
Sl. 

No. 

Readings 

for Day 

GeneratorTemperature 

(Tg) 

C.O. 

P 
Remarks 

1 
 

DAY -1 

345 0.354  

2 353 0.305  

3 339 0.353  

4 

DAY -2 

342 0.228  

5 360 0.356  

6 335 0.212  

7 DAY -3 349 0.228  
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8 362 0.356  

9 348 0.212  

10 

DAY -4 

357 0.400  

11 361 0.542  

12 346 0.318  

13 

DAY -5 

362 0.308  

14 358 0.351  

15 348 0.165 
LOWEST 

C.O.P 

16 

DAY -6 

340 0.271  

17 356 0.278  

18 360 0.640 
HIGHEST 

C.O.P 

19 

DAY -7 

360 0.266  

20 362 0.211  

21 358 0.278  

Coefficient of performance = 

[
𝐑𝐞𝐟𝐫𝐢𝐠𝐞𝐫𝐚𝐭𝐢𝐧𝐠 𝐞𝐟𝐟𝐞𝐜𝐭 𝐢𝐧 𝐭𝐡𝐞 𝐞𝐯𝐚𝐩𝐨𝐫𝐚𝐭𝐨𝐫

𝐇𝐞𝐚𝐭 𝐬𝐮𝐩𝐩𝐥𝐢𝐞𝐝 𝐢𝐧 𝐭𝐡𝐞 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐨𝐫
] 

CO.P=[
𝐓𝐠−𝐓𝐜

𝐓𝐠
] ∗ [

𝐓𝐞

𝐓𝐜−𝐓𝐞
]    

Average C.O.P = [
𝑪𝑶𝑷𝟏+𝑪𝑶𝑷𝟐+𝑪𝑶𝑷𝟑

𝟑
] 

 
 

 

CONCLUSION 

In the present generation, the main aim of development 

is “first & fast” rather than “slow & steady”. So, here we 

used solar heat energy as an input to the generator. 

Harnessing solar energy to the panels is a technological stuff 

giving an overall output of maximum 8% only but when we 

use solar heat from collectors, we could generate a great 

cause and effect in producing refrigerating effect. In this 

paper, we have made a keen study and compared the 

generator temperature to the coefficient of performance, 

although the temperature differences obtained here is low 

range (8-13) degrees maximum. An improvisation in the 

temperature difference can be obtained by changing the 

concentration levels of absorbent and refrigerant pairs or by 

considering other design factors of evaporators, condensers, 

length between the evaporator and parabolic solar trough etc. 

hence, this may be a pathway for the future scope of 

development in this direction. 

Furthermore utilizing this device in the application of air 

conditioning has futuristic approach rather than refrigeration. 

Hence, with the present generation facing the crisis of energy 

generation, consumption and utilization this method forms a 

pathway in finding small steps towards a mighty 

development in the field of energy saving design of 

appliances. Reconsidering the designs in a proper way would 

lead to utilization in every domestic household refrigeration 

and air conditioning appliances connected through solar 

energy, which is safe, clean and simple technology. As the 

saying goes “ Nature satisfies everyone’s need not greed” so 

this is a definite and promising solution for overcoming the 

problems of ozone depletion, high energy consumption & 

global warming by utilizing nature’s greatest, brightest and 

everlasting source. “The SUN”. 
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Design and Analysis of Handicapped Steering 

Tricycle 
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Abstract: Conventional tricycles for handicapped require a lot 

of human effort to operate. They generally come with separate 

arrangements for providing motion and giving direction to the 

vehicle. These separate arrangements cause asymmetric use of 

hands and this results in discomfort of the rider. To alleviate 

this discomfort, a new arrangement which is mechanically 

more efficient than the conventional handicapped tricycle has 

been introduced, contains a single unit for providing motion 

and giving direction to the tricycle. Push and Pull motion of 

the steering results in forward and backward motion of the 

chair, while rotational motion of the same gives direction to 

the chair. In this paper, structural analysis is performed on 

the handicapped steering tricycle. Modelling is done on 

catiav5 

 

Keywords- Lever-propelled wheelchair, Handicapped 

Steering Tricycle, Structural Analysis, and Design 

optimization. 

 

INTRODUCTION 

About 1.85% of the total world’s population that is 

7.1billion, 130 million need wheelchairs or handicapped 

tricycles. Out of these 130 million, nearly 120 million 

population live in developing countries. Developed 

countries easily fulfill the demands of handicapped vehicles 

because of better technology and strong economy. On the 

other hand, in developing countries, due to limited 

resources in terms of economy and technology, the 

handicapped vehicles are required to be made cheaper, 

durable, comfortable, and efficient. There are cheaper 

materials available which are durable too, but the main area 

of concerns comfort ability and efficiency. Conventional 

handicapped tricycles are tedious because of their 

asymmetrical mechanisms and inefficient drive systems. 

Handicapped steering tricycle is a better substitute because 

of its better motion and steering unit and drive system. 

B. Handicapped Steering Tricycle 

Handicapped Steering Tricycle uses a crank-lever 

mechanism for its forward and backward motion. It is 

equipped with a small diameter steering wheel which can 

provide both: direction and motion to the tricycle. By 

pushing and pulling this steering, the rider can move the 

tricycle and by rotating the steering the rider can direct the 

tricycle. A braking lever is provided just beneath the 

steering wheel to apply the brakes. 

 

 
 

 
Fig -1: Handicapped steering tricycle 

 

C.  Materials Used and Dimensions 

Due to their higher strength to weight ratios, better 

Machine ability, low cost and durability, metals are used 

for manufacturing these tricycles. They are easily available 

and they can be used specifically for a desired mechanical 

or physical property. 

The metal used to assign to all the parts except chassis is: 

Stainless Steel 304. Material properties are given in Table-

1. 

Chassis is made by assigning the material: Structural Steel. 

It is a very common material, used for constructing frames 

of automobiles. Foam is used for seat. Material properties 

of SS-304 are given in Table-2. 
 

TABLE 1 MATERIAL PROPERTIES OF STAINLESS STEEL (SS-304) 
Sr. Material Properties Value 

1. Density 8000kg/m3 

2. Young’s Modulus 193Gpa 

3. Poisson’s ratio 0.27 

4. Yield Strength 500Mpa 

5. Coefficient of Thermal expansion 17×10-6/  oC 

 
TABLE 2 MATERIAL PROPERTIES OF STRUCTURAL STEEL 

Sr. Material Properties Value 

1. Density 8000kg/m3 
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2. Young’s Modulus 193Gpa 

3. Poisson’s ratio 0.27 

4. Yield Strength 500Mpa 

5. Coefficient of Thermal expansion 17×10-6/  oC 

 

Dimensions of Handicapped Steering cycle are given in 

Table-3. 
TABLE 3 DIMENSIONS OF HANDICAPPED STEERING CYCLE 

S.No DETAILS 
Dim 

(mm) 

1. 
Distance between center of front wheel and 

rear wheel 
72cm 

2. Length of steering rod 55cm 

3. Height of steering from footpad 67cm 

4. Diameter of steering wheel 32cm 

5. 
Distance between center of front wheel and 

steering rod 
67cm 

6. Height of seat from footpad 37cm 

7. Height of footpad from ground 33cm 

 

D. Catiav5 Model 

 
Fig -1: Catiav5model of handicapped tricycle 

 

 
Fig -2: Handicapped tricycle frame without seat. 

 

ANSYS RESULTS  

ANSYS Workbench 15 is one of best Finite Element 

Analysis software in the simulation industry. Structural 

analysis is performed on the tricycle. To make the problem 

easier, analysis is done only on the chassis rather than the 

whole cycle. The chassis is fixed at point A, assuming the 

wheels to be fixed, and a load of 1000 N is applied in 

downward direction from the bottom of the seat. 1000 N is 

approximately 100 kgs i.e.; weight of rider and the cycle. 

ANSYS results are shown in Figures 4, and 5. 

 
Fig -3: Support and Traction 

 
Fig -4: Equivalent stress in tricycle at load 1000 N. Equivalent stress 

at the load 1000 N, in tricycle is found to be nearly 50 MPa. Tensile 

Yield strength of Structural Steel is 210 MPa, so the chassis is safe. 

 
Fig -5: Total deformation in tricycle at load 1000 N. Total deformation 

in the chassis is found to be 1.15 mm. It is mostly concentrated near the 
seat. 

 

CONCLUSION 

Results from structural analysis of this handicapped 

steering cycle shows that the stress and deformation is 

within the limits. If it is compared with conventional 

handicapped cycles then it is found to be easy to maneuver, 

control, and move. It is driven with subtle and periodic 

motion of hands, and less power is required by the rider to 

drive it. It can be said that it is more comfortable and 

efficient than the conventional handicapped steering cycles. 
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Machining Characteristics and Micro-biological 

Growth of Stir Casted A356-SiC MMCs and Pure 

Metals 
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Abstract-- Because of the good properties like light weight, 

durability, high strength, corrosion resistance etc. the need of 

Metal Matrix Composites (MMCs) are increasing day by day. 

In the present work A356 is taken as main base material due 

to due to proximity with reference to density. Meanwhile 

silicon carbide (SiC) and A356 are close in terms of density, 

SiC is chosen as reinforcement material. Machining by 

changing machining parameters with cutting fluids is done 

with and without cutting oil by using automatic feed lathe 

machine by varying the speed and depth of cuts to find out the 

cutting forces, cutting tool temperatures and surface 

roughness. It is found that these values are gradually 

increased in many cases. Microbiological check also done and 

found that the colony count is gradually increased from fresh 

oil usage to used cutting oil after machining. These tests also 

done on MMCs, pure brass and pure aluminium and 

compared the results with MMCs.  

 

Keywords-- A356; SiC; Machining; Composites; Bacterial 

Count 

 

1. INTRODUCTION 

A metal matrix composite (MMC) is a composite 

in which two or more reinforced materials are added to the 

metal matrix in order to improve the properties of the 

composite. MMCs are made by scattering a reinforced 

material into a base material or matrix which is a 

monolithic material and is completely continuous [1]. 

The composites strength, stiffness and density is 

depends on its constituent materials properties, the 

reinforced material’s size, shape, quantity & distribution 

and the bond between base and reinforced material. [2]. The 

composite materials are classified into Metal Matrix 

Composites of metals based, Ceramic Matrix Composites 

of ceramic materials based and Polymer Matrix Composites 

of plastic materials based [3].  

Al-MMCs have much importance for aerospace, 

automobile, agriculture farm machinery industries etc., due 

to their good properties such as high strength, low density, 

good wear resistance compared to any other metal [4]. The 

cutting fluids reduces the cutting temperature by 

minimizing the friction between work piece and cutting 

tool, [5]. 

 In the current work the silicon carbide is used as 

reinforcing material and Al 356 as base material 

synthesized by using stir casting machine. 

 

2. MATERIALS 

2.1 A356 Alloy 

A356 alloy is used as a matrix for obtaining 

composites, which have an enhanced wear resistance, 

favourable mechanical properties at room temperature and 

enhanced mechanical properties at elevated temperatures. 

This is used in the field of application in the automotive 

and avionics industries [6] and selected as matrix material 

owing to good and readily castable [7, 8]. The chemical 

composition of Al 356 alloy is given in Table 1 [6]. 
Table 1. Chemical composition of Al 356 Alloy 

 
 

2.2 Fortifying material (Silicon carbide) 

Recently lot of research is being done in to 

incorporate the silicon carbide on aluminum and its alloys 

to improve their mechanical and tribological properties. 

Silicon carbide particulates have proven to increase 

mechanical strength of aluminum and its alloys with 

increasing content and reduced particle size [9]. 

 

2.3 Cutting fluid 

The advantages of cutting fluids includes cooling, 

lubrication, flushing away the chips, reduce the wear, 

extended tool life etc. The water based cutting oils are fully 

contaminated with the microorganisms, which deteriorate 

the cutting fluids properties, causes corrosion of work 

pieces, choking of fluid flow lines etc. And also chances of 

getting skin deceases and health issues to the workers who 

are exposed to these contaminated oil [10]. Emulsions can 

be prepared at water-to-oil ratios ranging from 5:1 to 100:1 

[11]. In this work, taken this ratio as 20:1 and used for 

machining.  

After machining, the used oils were taken and 

stored in sterilized bottles and tested to study the microbial 

contamination. 

 

3. EQUIPMENT 

3.1 Surface Roughness Tester 
The Surf test SJ-210 Portable Surface Roughness 

Tester shown in Figure 1, is used for testing the surface 

roughness of the work pieces in microns (µm) after 

machining on the lathe machine. 

https://en.wikipedia.org/wiki/Single_crystal
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Fig 1. Surface Roughness Tester with work piece 

3.2 Automatic feed lathe machine with Coolant Pump 

Facility  
The machining process is done by using Banka 

35 Automatic feed lathe machine, shown in Figure 2, 

along with a coolant pump of 40 LPM capacity with 2900 

rpm used to circulate the coolant oil. 

 

Fig 2. Automatic feed lathe machine with coolant 

3.3 Tool dynamometer 

Electronic machine tool dynamometer of 

IEICOS (India) make, shown in Fig 3, used to find out the 

cutting forces while machining the MMC bar samples on 

the lathe machine. 

 

 

Figure 3. Tool dynamometer set up 

3.4 Microbial Growth 

Cutting fluid samples are collected in the sterilized bottles 

shown in Fig 4 after machining Al- silicon carbide MMC 

bars, Pure Al and Pure Brass each with 5 hours 

machining per day to find the microbial growth.  

 

 
 

Fig 4. Sterilized bottles to collect oil  for microbial growth 

 

3.5 Petri Plates 

A Petri dish or petri plate (fig.5) is a transparent lidded dish 

used to find bacteria, fungi or small mosses. It is the most 

common type of culture plate [12, 13]. Standard plate count 

which is conventional method for monitoring microbial 

levels in Cutting fluids is used. In the present work, Petri 

plates duly sterilized were taken and filled with nutrient 

Agar which is liquid and the temperature is above 45°C. 

Upon on cooling of this to the room temperature, it will be 

dried and hardened like a gel.  

 

 
Fig 5. Petri Plates with nutrient Agar 

 

3.6 Incubation   

An incubator shown in Fig 6 is a device used to grow and 

maintain microbiological cultures or cell cultures. The 

incubator maintains optimal temperature, humidity and 

other conditions such as the CO2 and oxygen content of the 

atmosphere inside. As both agar media and fluids are easily 

attacked by the bacteria present in the air, in order to 

prevent the contamination, the Laminar Air Flow chamber 

is used to transfer the fluid samples to the Petri plates in the 

presence of blue flame.  

 

 
 

Fig 6. Incubator 

The samples were then kept in the Incubator 

(incubation kept at 37°C for 24 hours, the bacteria formed 

is known as colonies shown in Fig7. These colonies 

(figure naked eye and counted).  

https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Moss
https://en.wikipedia.org/wiki/Culture_plate
https://en.wikipedia.org/wiki/Microbiological_culture
https://en.wikipedia.org/wiki/Cell_culture
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Humidity
https://en.wikipedia.org/wiki/Oxygen
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Fig 7.  Bacteria developed in the petri Plates 

 

4. EXPERIMENTATION 

The MMCs are formed with the A356 as base, SiC of 50 

microns size as reinforcing material and stir casting route 

for melting purpose. Chosen the Bottom Pouring Type 

Stir Casting Machine (Make: M/s. Swam Equip, Chennai, 

India) to melt the both the raw materials. Initially, 

dropped the pieces of A356 material into the furnace. 

After melting the same, poured the preheated silicon 

carbide powder of 5% by weight into the furnace through 

the feeder and use the stirrer for even mixing of both the 

A356 and silicon carbide powder. After that poured the 

liquid material into the die and allowed for solidification. 

Those solidified bars are taken for all tests. 

 

5. RESULTS AND DISCUSSIONS 

The results of various testing’s are tabulated in the 

following tables 

5.1 Forces in X, Y & Z Directions with & without 

coolant, Temperature and Surface roughness studies 

5.1.1. Al 356 / Silicon carbide MMC with variable D.O.C 

and at Fixed speed 

The Table 2 gives the tested values of forces in X, Y & Z 

directions, cutting tool temperature and roughness values 

of Al 356 / Silicon carbide MMC with variable D.O.C 

and at fixed speed and found that all the parameters of 

cutting Forces, cutting tool temperatures and surface 

roughness values are gradually increased. 

 
Table 2 Al 356-Silicon carbide MMC with variable D.O.C and at 

Fixed speed 
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5.1.2. Al 356 / Silicon carbide MMC with variable speed 

and at Fixed D.O.C 

 

 

 

Table 3 Al356-Silicon carbide MMC with variable speed and at 

Fixed D.O.C 

 

Vari
able 

Spee

d 
(RP

M) 

Fix

ed 

D.
O.

C 

(m
m) 

Fx (N) Fy (N) Fz (N) 
Tempera

ture oC 

Surface 
Roughness 

in Micro 

Meters 

W
it

h
o
u

t 
C

o
o

la
n
t 

W
it

h
 C

o
o

la
n
t 

W
it

h
o
u

t 
C

o
o

la
n
t 

W
it

h
 C

o
o

la
n
t 

W
it

h
o
u

t 
C

o
o

la
n
t 

W
it

h
 C

o
o

la
n
t 

W
it

h
o
u

t 
C

o
o

la
n
t 

W
it

h
 C

o
o

la
n
t 

With

out 
Cool

ant 

Wit

h 
Coo

lant 

Avg. 

valu
e 

Avg
. 

valu

e 

1025 1.5 
1

1 

1

7 

1

3 

2

2 

1

8 

3

2 
42 34 5.23 8.75 

685 1.5 
1

4 

1

9 

1

7 

2

9 

2

1 

3

3 
40 37 4.25 8.23 

303 1.5 
1

7 

2

5 

2

2 

2

6 

2

2 

3

5 
44 41 3.62 4.97 

 

 

The Table 3 gives the tested values of forces in X, Y & Z 

directions, cutting tool temperature and roughness values 

of Al 356 / Silicon carbide MMC with variable speed and 

at fixed D.O.C and found that parameters of cutting 

Forces of Fx and cutting tool temperatures are gradually 

increased, Fy & Fz are varied and surface roughness 

values are gradually decreased. 

 

 

5.1.3. Pure Al with variable D.O.C and at fixed speed 
 

Table 4 Pure Al with variable D.O.C and at fixed speed 
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The Table 4 gives the tested values of forces in X, Y & Z 

directions, cutting tool temperature and roughness values 

of Pure Al with variable D.O.C and at fixed speed and 

found that the parameters of cutting Forces of Fx & Fy, 

cutting tool temperatures and surface roughness values 

with coolant are gradually increased. But, Fz and surface 

roughness values without coolant are varied. 
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4.1.4. Pure Al with variable speed and at Fixed D.O.C 
Table 5. Pure Al with variable speed and at Fixed D.O.C 
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The Table 5 gives the tested values of forces in X, 

Y & Z directions, cutting tool temperature and roughness 

values of Pure Al with variable speed and at fixed D.O.C 

and found that the parameters of cutting Forces of Fx & Fy, 

cutting tool temperatures and surface roughness values with 

coolant are gradually increased. But, Fz and surface 

roughness values without coolant are varied. 

 

5.1.5. Pure Brass with variable D.O.C and at fixed speed 

The Table 6 gives the tested values of forces in X, Y & Z 

directions, cutting tool temperature and roughness values 

of Pure Brass with variable D.O.C and at fixed speed and 

found that all the parameters of cutting Forces, cutting 

tool temperatures and surface roughness values are 

gradually increased.  
 

Table 6 Pure Brass with variable D.O.C and at fixed 

speed 
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5.1.6. Pure Brass with variable speed and at Fixed D.O.C 

The Table 7 gives the tested values of forces in X, Y & Z 

directions, cutting tool temperature and roughness values 

of Pure Brass with variable speed and at fixed D.O.C and 

found that the parameters of cutting Forces of Fx & Fy, 

cutting tool temperatures are gradually increased. But, Fz 

and surface roughness values are varied. 

 
 

 

 

 

Table 7 Pure Brass with variable speed and at fixed 
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5 
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6 

1

0 

1
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33 31 4.41 6.10 

 

 

5.1.7 Bacterial Count:  

After using for 5 hrs. of machining and waited for 24 hrs., 

each cutting Fluid was tested for Bacterial Count and 

results are tabulated in Table 8 and Fig 8 It is found that the 

colony count is gradually increased from fresh oil to 

Cutting Oil after machining Al 356 + Silicon carbide MMC 

bar, Pure Al bar and Pure Brass bars. 

 
Table 8 Bacterial Count 

Sl. No. Cutting Fluid Details Colony Count 

1 Fresh Cutting Oil 10 

2 
Cutting Oil after machining Al 356 + SiC 

MMC 
19 

3 Cutting Oil after machining Pure Al 28 

4 Cutting Oil after machining Pure Brass 43 

 

 
Fig 8 Bacterial Count 

 

CONCLUSIONS 

The following are the conclusions after various testings were 

done on Al 356- Silicon carbide Metal Matrix Composite, Pure 

Al & pure Brass. 

 All the parameters of cutting Forces of Fx, Fy & Fz, 

Cutting tool temperatures and Surface roughness 

values are gradually increased in majority of cases 

 The colony count is gradually increased from fresh 

oil to used Cutting Oil after machining. Found 

colony count of 10 in fresh oil, 19 in Cutting Oil 

after machining Al 356 + SiC MMC, 28 in Cutting 

Oil after machining Pure Al and 43 in Cutting Oil 

after machining Pure Brass. 
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Design and Analysis of Connecting Rod 
 

K. Krishna kishore,T. Manoah Daniel, P. Sai kumar and P. Chandra kanth 

Gudlvalleru Engineering college,Gudlavalleru, Andhra pradesh, India 

Abstract- The connecting rod is the intermediate part 

between piston and Crank shaft. The function of the connecting 

rod is to convert the reciprocating motion into rotational 

motion. In this Mini project we describe the Design and 

analysis of connecting rod. The drafting is done from a 

reference diagram (taken from TVS website) and dimensions 

are scaled in the ratio 1:4. The parametric modelling of 

connecting rod is done in Fusion 360 and model analysis is 

carried in Ansys 2020 R2 software. 

 The connecting rod is subjected to forces generated by 

Mass itself. This phenomenon occurs as a result of repeated 

cycles to which the connecting rod is subjected. Combination of 

parameters like Equivalent (Von-mises) stress, Equivalent 

(Von-mises) strain, Total deformation, directional deformation, 

fatigue stress. Connecting rod processing surface for the two 

materials structural steel and cast iron are used in analysis. 

The obtained results are helpful in determining various stress, 

strain and Equivalent (Von-mises) stress, Equivalent (Von-

mises) strain located at different points. In this Mini project the 

analyzed model in Ansys is compared with the result of existing 

model from reference model. 

Keywords— connecting rod, Fusion 360, Ansys 2020 r2                        

workbench, Structural steel, Cast iron 

I. INTRODUCTION  

A connecting rod, also called a con rod, is the part of 

a piston engine which connects the piston to the crankshaft. 

Together with the crank, the connecting rod converts 

the reciprocating motion of the piston into the rotation of the 

crankshaft. The connecting rod is required to transmit the 

compressive and tensile forces from the piston, and rotate at 

both ends. The predecessor to the connecting rod is a 

mechanic linkage used by water mills to convert rotating 

motion of the water wheel into reciprocating motion. A 

connecting rod can rotate at both ends, so that the angle 

between the connecting rod and the piston can change as the 

rod moves up and down and rotates around the crankshaft. 

As in fig the Connecting rods are designed to withstand 

dynamic stresses from combustion and piston movement. 

The small end of the connecting rod connects to the piston 

with a piston pin. The piston pin, or wrist pin, provides a 

pivot point between the piston and connecting rod. Spring 

clips, or piston pin locks, are used to hold the piston pin in 

place. The big end of the connecting rod connects to the 

crankpin journal to provide a pivot point on the crankshaft. 

Connecting rods are produces as one piece or two-piece 

components. A rod cap is the removable section of a two-

piece connecting rod that provides a bearing surface for the 

crankpin journal. The rod cap is attached to the connecting 

rod with two cap screws for installation and removal from 

the crankshaft. The most common usage of connecting rods 

is in internal combustion engines or on steam engines. 

II. MATERIALS USED FOR MANUFACTURING 

Connecting rods are commonly made from cast aluminum 

alloy, steel Titanium, cast iron. In mass-produced 

automotive engines, the connecting rods are most usually 

made of steel. In high performance applications, "billet" 

connecting rods can be used, which are machined out of a 

solid billet of metal. 

For high performance and high-speed engine 

Titanium. Racing engines may utilize titanium alloys such 

as Ti-6Al-4V for connecting rods in order to achieve a high 

ratio of strength to mass of the part. A connecting rod with a 

tension load is made of forged steel, cast steel, or 

fabricated steel. Rods with a compression loading are cast 

nodular steel or aluminum alloy. 

Materials for connecting rods have 

included powder metallurgy steels, which are formed into an 

initial shape then forged to near final dimension, as well 

as medium carbon steels, which develop superior strength 

either through separate heat treating processes or by 

controlled cooling following the forging step. Composite 

materials are also used for manufacturing. 

Generally connecting rods are manufactured using carbon 

steel and in recent days aluminum alloys are finding its 

application in connecting rod. In this work connecting rod is 

replaced by aluminum based composite material reinforced 

with silicon carbide and fly ash Connecting rod. Aluminum 

alloy (which is already existing) made of 42crmo4, 

aluminum based composite material reinforced with Boron 

carbide (Al6061+B4C). 

 

III. MODELLING AND ANALYSIS 

Modelling 

1) Software used: 

Autodesk Fusion 360 is a cloud-based CAD/CAM tool 

for collaborative product development. It combines 

organic shapes modelling, mechanical design and 

manufacturing in one comprehensive package. It's the 

first 3D CAD, CAM, and CAE tool of its kind, 

connecting your entire product development process 

into one cloud-based platform. It is functionally similar 

to other 3D software’s like Solid works, Siemens NX, 

https://en.wikipedia.org/wiki/Reciprocating_engine
https://en.wikipedia.org/wiki/Piston
https://en.wikipedia.org/wiki/Crankshaft
https://en.wikipedia.org/wiki/Crank_(mechanism)
https://en.wikipedia.org/wiki/Reciprocating_motion
https://en.wikipedia.org/wiki/Crankshaft
https://en.wikipedia.org/wiki/Internal_combustion_engine
https://en.wikipedia.org/wiki/Steam_engine
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Billet_(manufacturing)
https://www.sciencedirect.com/topics/chemistry/titanium-dioxide
https://www.sciencedirect.com/topics/engineering/ti-6al-4v
https://www.sciencedirect.com/topics/chemistry/powder-metallurgy
https://www.sciencedirect.com/topics/engineering/medium-carbon-steels
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Catia, Solid edge. The parametric modelling, program 

tool path for CNC machine is also performed in this 

software. These features are not available in any other 

software’s. Other than modelling you can also perform 

CNC milling, CNC lathe, computer Aided 

manufacturing. 

The connecting rod is modelled according to 1:4 scale 

from the reference diagram taken in the Fusion 360 

software. 

 

Name 
Original 

dimensions 
Scaled 

dimensions 

Length (from small circle to big 
circle) 

585mm 140mm 

Big circle internal diameter 230 mm 50mm 

Small circle internal diameter 65 mm 18mm 

Thickness 150mm 20mm 

Table 3.1: Shows the dimensions of the connecting rod. 

 

 

Fig 1  Shows the Refernce model 

 

Fig 2  Connecting rod modelled in fusion 360. 

Analysis 

1. software used: 

Ansys develops and markets Multi physics engineering 

simulation software for product design, testing and 

operation and offers its products and services to 

customers worldwide. Ansys made numerous 

acquisitions of other engineering design companies, 

acquiring additional technology for fluid dynamics, 

electronics design, and other physics analysis. Ansys 

develops and markets engineering simulation software 

for use across the product life cycle. Ansys 

Mechanical finite element analysis software is used to 

simulate computer models of structures, electronics, or 

machine components for analyzing strength, toughness, 

elasticity, temperature distribution, electromagnetism, 

fluid flow, and other attributes. 

IV. MATERIALS AND MATERIAL PROPERTIES 

USED FOR ANALYSIS 

Structural steel Cast iron 

Young’s 
modulus 

2E+11 Pa 
Young’s 
modulus 

8.944E+11Pa 

Density 7850kgm^-3 Density 6999 kg m^-3 

Poisson’s 
ratio 

0.3 
Poisson’s 

ratio 
0.26 

Yield’s 
strength 

2.5E+8 Pa 
Yield’s 
strength 

7.981E+7 Pa 

Shear 
modulus 

7.6923E+10 Pa 
Shear 

modulus 
3.5492E+10 Pa 

Table 2.2: Shows the materials and material properties. 

1.1 JOINTS IN ASSEMBLY 

 

Fig 3 Shows the joint between connecting rod and crank shaft 

RESULTS 

Material: Structural steel 

1. Total deformation: 

 
Fig 4 Total deformation Structural steel 

 

 
Fig 5 Graph generated for Total deformation 

 

2. Equivalent (von-mises) stress: 

https://en.wikipedia.org/wiki/Multiphysics
https://en.wikipedia.org/wiki/Finite_element_analysis
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Fig 5 Equivalent (von-mises) stress of Structural steel 

 

 
     Fig 6 Graph generated for Equivalent (von-mises) stress 

 

3. Equivalent elastic strain: 

 
Fig 7 Equivalent elastic strain of structural steel 

 

 
         Fig 8 Graph generated for equivalent elastic strain 

 

Material: Cast iron 

1. Total deformation: 

 
Fig 9 Total deformation of cast iron 

 
Fig 10 Graph generated for Total deformation 

 

 

2. Equivalent (von-mises) stress: 

 

 
Fig 10 Equivalent (von-mises) stress of cast iron 

 

 
Fig 11 Graph generated for Equivalent(von-mises) stress 

 

3. Equivalent elastic strain: 
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Fig 12 Equivalent elastic stain of cast iron 

 
 Fig 13graph generated for Equivalent elastic strain 

 

CONCLUSION 

The model of a connecting rod was generated, discretizes, 

analyzed and the results are tabulated and presented above. 

The alternating forces to which the connecting rod is 

subjected, determining the aging of the material by the 

appearance. This overview research report studies the 

possibilities of connecting rod made of structural steel and 

cast iron we designed obtained its stress distribution on 

application of the force from the results of the study, 

following conclusions can be made.  

• It was observed that connecting rod designed and 

analyzed can be used for normal engines, for high 

performance and low performance engines also. 

• As per the results received from the Transient 

structural analysis we done. We got the results 

nearer to the reference model analysis taken. 
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Abstract— Particle Swarm Optimization is one of the leading 

optimization algorithms among the very complex design 

problems. Particularly in the area of mechanical engineering 

design, the problems are complex and involve lot of design 

variables that significantly alter the design process. Optimum 

design is desirable for the effective use of resources. Particle 

Swarm Optimization proved to be very efficient in dealing with 

NP – hard problems. Therefore this paper confers to the 

application of PSO to the standard bench marks problem of 

pressure vessel. The results obtained are compared with Ant 

Colony Optimization results to find the efficacy of the 

algorithm for the proposed problem 

 

Index Terms—Particle Swarm Optimization, Pressure vessel 

Design, PSO   

I. INTRODUCTION 

ptimization is the act of obtaining the best result under 

given circumstances. Optimization problems are of 

high importance both for the industrial as well as for the 

scientific world.  Examples of the practical optimization 

problems include Travelling Salesman Problems, 

Scheduling Problems, and Design Optimization….etc. [1]. 

Swarm intelligence techniques are developed based on the 

natural behavior of self-organizing agents. The cooperation 

between these agents are studied and formulated to apply in 

many fields.  Since the application of these algorithms is 

stochastic in nature, these require more computational time. 

On the other hand mechanical Engineering problems have 

lot of parameters and require more and more operations in 

reaching the stability of the solution. So the application of 

Swarm Intelligence techniques to Mechanical Engineering 

Problems is a challenging task for the researchers. However 

with the advent of computer technology, the application of 

these methods is become simple and vigorous research has 

been undergone in all the diversified fields of mechanical 

Engineering [2]. 

 

Popular Techniques of Swarm Intelligence Techniques 

include Ant Colony Optimization and Particle Swarm 

Optimization. Ant Colony Optimization uses the behavior of 

ants for finding the optimum design whereas Particle Swarm 

Optimization (PSO) deals with the natural behavior of birds. 

Venter [3] has successfully reviewed the potentials of PSO 

in many fields. Kulkarni [4] and Ben [5] demonstrated the 

various applications of PSO in Mechanical and allied 

domains. The  

 

applications of PSO optimization in many Engineering 

design fields are emerging and researchers are trying to put 

their efforts to find the best even from minimum resources. 

 

Pressure vessel problems are of great importance in 

Mechanical design. These problems typically involve lot of 

parameters and cost is the main criterion in design. Wrong 

selection of parameters lead to huge cost and also product 

failure. 

 

The present work deals with the standard bench mark 

optimum design of Pressure vessel with the help of 

MATLAB coding. Section 2 deals with the principles of 

PSO and Section 3 focus on Problem formulation while 

results and discussions are included in Section 4 followed by 

conclusions. 

 

II. PARTICLE SWARM OPTIMIZATION (PSO) 

During 1990s, several studies related to the behavior of 

animal groups were reported. These results showed that few 

animals particularly as a group, i.e. birds and fishes, are able 

to share information called stigmergy among their group, 

and such capability confers these animals a great survival 

advantage. Inspired by these works, Kennedy and Eberhart 

proposed in 1995 the PSO algorithm [1], a metaheuristic 

algorithm that is appropriate to optimize nonlinear 

continuous functions.  

Particle swarm intelligence was basically developed 

through simulation of bird flocking in two-dimensional 

space. The observation leads to the assumption that every 

information is shared inside flocking. The position of each 

agent is represented by xy-axis position and the velocity 

expressed by Vx and Vy.  Modification of agent position is 

realized by using the position and the velocity information. 

A Flock of agents optimizes a certain objective function. 

Each agent knows its best value so far (pbest) and its xy 

position. The information corresponds to the personal 

experiences of each agent. Moreover each agent knows the 

best value so far in the group (gbest) among the pbest. Then 

each agent try to modify its position using pbest and gbest. 

The general representation of PSO methodology is depicted 

in the following Fig. 1. 

 
Fig. 1 Methodology of PSO [6] 

O 
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A standard pseudo Code of PSO Algorithm [7] is as follows 

{ 

For each Particle 

Initialize Particle 

End 

Do 

 For each particle 

Calculate Fitness value 

If the fitness value is best (pbest) save it in history and 

compare with the next fitness values 

End 

Choose best as all particles best fitness value 

For each particle 

Calculate Particle Velocity using the Equation 

Update the Particle Position using the Equation 

End 

Repeat the process till maximum iterations or minimum 

error criteria satisfied.  

} 

III. PROBLEM FORMULATION  

A.  Mathematical Modeling 

The main aim of the current work is to design an air 

storage tank with a working pressure of 3000 psi and a 

minimum volume of 750 ft3.The pressure vessel is capped at 

both the ends by hemispherical heads. Using the rolled steel 

plate, the shell is to be made in two halves that are joined by 

two longitudinal welds to form a cylinder each head is 

forged and then welded to the shell. The design variables be 

denoted by the vector X = [ x1 x2 x3 x4 ] T , where x1 is the 

Spherical head thickness , x2 is the shell thickness , x3 and 

x4 are radius and length of the shell respectively. This is the 

standard benchmark problem for the design of pressure 

vessel. The detailed diagram indicating all the components 

of pressure vessel are mentioned in Fig. 2 

 
 

Fig. 2 Pressure Vessel 

 

The main objective of this problem is to minimize the 

manufacturing cost of the pressure vessels. The 

Manufacturing cost is a combination of material cost, 

welding cost and forming cost.  The mathematical model of 

the problem is 

 

Minimize   

f(x)  = 0.6224x1x2x3x4 + 1.7781x2x32 + 3.1661x12x4 

+19.84x12x3                                      (1) 

Subjected to 

G1(x) = 0.0193 x3 – x1 ≤ 0 (Stress Constraint)                  

(2) 

G2(x) = 0.00954 x3 – x2 ≤ 0 (Stress Constraint)                

(3) 

G3(x) = 750*1728 – 3.1415 x32 x4 – 4/3 * 3.1415 x33 ≤ 0 

(Volume Constraint) (4)   

G4(x) = x4 – 240 ≤ 0 (Width Constraint)                           

(5) 

The upper bounds and lower bounds of design variables 

are as follows  

0 ≤ x1≤ 99      

0 ≤ x2 ≤ 99      

10 ≤ x3 ≤ 200     

10 ≤ x4≤ 200 

 

Where the design variables x3, x4 are continuous, while 

x1 and x2 are discrete values and integer multiples of 0.0625 

inch respectively, in accordance with the available thickness 

of rolled steel plates 

B. Material 

 A typical input data required to use a mathematical model 

for pressure vessel design is as follows 

  

 Pressure vessel Material is SAE J2340 – 830R, Where R 

= High Strength Recovery Annealed. The material has 

multiple behaviors at different rolling conditions. However, 

the typical properties of the material [8] is  

1. Modulus of elasticity (E) = 200x109 N/mm2 

2. Yield Strength = 960 MPa 

3. Factor of safety = 1.78 

4. Allowable Yield Strength = 540 MPa 

5. Applied Pressure = 6.80272 N/mm2 (1000 PSi) 

 

IV. RESULTS AND DISCUSSIONS 

MATLAB program has been written for the objective 

value i.e. minimization of cost of the pressure vessel 

corresponding to the global optimum solution of this 

problem. The Results obtained by employing PSO (Particle 

Swarm Optimization) algorithm is listed in Table 1. While 

the convergence is shown in the Fig. 3 

 
TABLE I 

RESULTS OF PSO FOR THE DESIGN OPTIMIZATION OF PRESSURE VESSEL  

 

Symbol Parameters Results 

X1 Thickness of main cylinder 0.8125 

X2 Thickness of heads 0.4325 

X3 Radius of main cylinder 42.094 
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X4 Length of the main cylinder 176.6376 

 Constraints Results 

g1 Constraints of  hoop stress -2.01E-03 

g2 Constraints of longitudinal stress -3.58E-02 

g3 Constraints of volumes -24.7593 

g4 Constraints of lengths -63.3523 

 f(x) Objective function Value 6.1398e+03 

 

 
Fig. 3 Convergence of PSO algorithm 

 

From Figure 3, it has been observed that the objective 

value has been found to be decreasing iteration by iteration 

and reaching the convergence. From the iteration 

approximately 40 onwards, there is no change in the output 

that means the value is converged. The objective function 

value is found to be 6139$. The following Table 2 provides 

the comparison of the proposed method with the other Meta 

heuristic techniques for the cost optimization of Pressure 

vessel problem. 

 

An advantage of PSO is its ability to handle optimization 

problems with multiple local optima reasonably well and its 

simplicity of implementation – especially in comparison to 

related strategies like genetic algorithms (GA) [14]. A 

particle calculates its next position based on a combination 

of its last movement vector, the individual and global 

memories, and a random component. Therefore, with in the 

less time and with less updation of parameters the results are 

obtained. Some researchers reported that it is impracticable 

to say that the result obtained by an optimization method 

such as PSO is the global maximum or minimum, so some 

authors call the results as the most likely optimal global 

[15]. Thus, some strategies can be employed in order to 

verify the validity of the optimal results obtained. One of the 

strategies is to compare with the results obtained by other 

optimization algorithms, as used in the present work.  From 

Table 3, It has been observed that PSO has proposed the best 

value by considering the other algorithms with in the given 

conditions considered. 
 

 

 
 

V. CONCLUSIONS 

The following conclusions have been drawn from the 

present investigation 

 In the present work, parameters such as thickness 

of the shell, and dish end, length and radius of the 

pressure vessel are optimized by making use of  

 PSO, a powerful non- traditional optimization 

method.  

 It can be concluded that by applying Particle 

Swarm Optimization, the optimal design 

parameters for the pressure vessel are obtained 

and the objective of minimization of cost by 

reducing weight of Pressure vessel is achieved. 

 It is found that the results obtained from PSO are 

better as its search is for global optimum as 

against the local optimum in traditional search 

methods.  

 The results of the PSO have been compared with 

other Optimization Methods, and it is found that 

PSO yielded best results among the techniques 

compared with in the given assumptions and 

considered conditions. 
 

VI. FUTURE SCOPE OF WORK 

The same work can be extended further by using hybrid 

optimization techniques ( combining  ACO , GA , ABC 

and many other techniques with PSO) to achieve the 

further yielding , if possible . The same technique can be 

applied to Multi objective optimization problems also to 

solve the complex problems in less time with acceptable 

consistency. 

 
TABLE 2 

COMPARISON OF PSO OVER OTHER METHODS FOR THE STANDARD 

PRESSURE VESSEL PROBLEM [9]    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Algorithm 
Name 

 

Optimum Value 
 

Objective  
Function 

Value X1 X2 X3 X4 

Branch-

bound [10] 
1.1250 0.6250 47.7000 117.7010 8129.1036 

Lagrangian 

Multiplier 

[11] 

1.1250 0.6250 58.2910 43.6900 

7198.0428 

GA [12] 0.9375 0.5000 48.3290 112.6790 6410.3811 

GA [13] 0.8125 0.4345 40.3239 200.0000 6288.7445 

PSO 0.8125 0.4325 42.0984 176.6376 6139.8002 
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Design and Analysis of Wheel Rim on Radial 

Loads 
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Abstract—Wheels are one of the important components in the 

vehicle. The two-wheeler, there are two types of wheels used. 

One is alloy wheel and another one is spokes wheel. Mostly 

alloy materials are used for fabricate the wheel rim. The main 

reason used for the alloy material is increase the efficiency of 

the two-wheeler by reducing the weight.  

In this study a tire of car wheel rim belonging to the disc wheel 

category is considered. Design in an important industrial 

activity which influences the quality of the product. The wheel 

rim is designed by using modelling software CATIAv5R19. 

ANSYS software used for simulating the different forces, 

pressure acting on the component and also for calculating and 

viewing the results. In the present work a detailed static 

analysis - displacement, maximum and minimum von-misses 

stresses and fatigue analysis of wheel rim under radial loads 

has been done. The application of finite element method for 

analyzing stress distribution and fatigue life of wheel rim was 

summarized. 

 

Keywords—Wheel rim, static analysis, fatigue analysis of 

wheel rim 

 

I. INTRODUCTION 

 Archaeologists and historians of today see the 

introduction of the wheel as the real genesis of any old 

civilization. The wheel is perhaps the most important 

discovery of old times. This discovery capitulated 

commerce to heights unknown before. The wheel has 

developed from nothing more than an oversize bearing to a 

fully integral part of any modern transportation vehicle. The 

modern vehicle is also seen today a fashion item to 

complement people’s individual tastes. Motor vehicles are 

produced according to very strict rules to ensure the safety 

of the passengers. Every component is therefore designed 

according to the criticality of the component. Wheels are 

classified as a safety critical component and international 

cods and criteria are used to design a wheel. 

II. FUNCTIONS OF A WHEEL RIM. 

In its basic form a wheel rim is a transfer element between 

the tyre and the vehicle. The following are the main 

functions of a wheel rim:   

 Transfers torque (braking and acceleration).  

 Support mass  

 Adds mass (damped mass for driving comfort).  

 Dissipates heat (from braking).  

 Adds value.  

 Absorbs impact (road hazards).  

 Conserves energy  

III. CLASSIFICATION OF CAR WHEELS 

Car wheels are divided in to two main categories, steel 

wheels and alloy wheels. Alloy wheels are often fitted 

standard during the manufacturing of modern vehicles.  

Steel Wheels: 

All steel wheels consist of two pressed Components, the 

rim and the wheel disc, which are welded together. The rim 

is the part on which tyre is mounted. Its dimensions shape 

and condition must suitable to satisfactorily accommodate 

the particular tyre required for the vehicle. The wheel disc 

is the supporting member between the vehicles hub and the 

rim. Its dimensions shape and location in the rim must be 

suited to the design of the wheel hub and the suspension 

geometry of the vehicle to which it has to be mounted. The 

purpose of the rim is to provide a firm base on which to fit 

the tire. Four vital dimensions are involved. The different 

parts developed in the PART module of CATIA are 

assembled in the ASSEMBLY module of CATIA. The 

components developed are assembled using the placement 

constraints available from the list in the component 

placement dialogue box. On to the rim, it would be 

impossible for the inside diameter of the tire to pass over 

the large diameter of the tire rim without causing damage to 

the beads. Forcing the tire bead into the rim well opposite 

to the fitting head of the machine tire bead. Steel disc 

 

Alloy Wheels: 

Alloy wheels are often incorrectly referred to as magnesium 

or “Mag” wheels. Magnesium is used in alloys. However, 

they are almost found only in racing rims meant for the 

track. Its brittle and highly flammable qualities make it 

unsuited as a road rim. Low pressure, die-casted aluminum 

alloy wheels are used and offer certain benefits over steel 

wheels. It is possible to design alloy wheels that alloy for 

the better air flow over the brakes and that are also slightly 

lighter and visually more appealing than steel wheels. 

Because alloy is lighter than steel, wider rims can be used 

without sacrificing unsprang weight.  

 
Fig 1: Aluminum alloy wheel 

IV. STEPS INVOLVED IN PROJECT WORK 

Gathering all relative data for the design of wheel rim.  

Generation of model using CATIAV5. Importing the generated 

model to ANSYS for analysis work Static analysis is carried out 

on the wheel rim to evaluate the performance. Modal analysis is 

carried out on the wheel rim.  
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Fig 2: Wheel Rim 

 

V. MODELLING USING CATIA 

Modules of CATIA:  

 Sketcher: 

A feature is able building block that describes the design, 

like a key way on a shaft. Each feature indicates how to add 

material (like a rib) or remove a portion of material. Feature 

adjusts automatically to changes in the design there by 

allowing the capture of design intent. This also saves times 

when design changes are made. Because features have the 

ability to intelligently reference other features, the change 

made will navigate through design updating the 3D model 

in all affected areas. In typical Part CATIA part enables you 

to design models as solids in progressive 3D solids 

modelling environment. Solid models are geometric models 

that offer mass properties such as volume, surface area and 

inertia. If you manipulate any model, a 3D model remains 

solid. CATIA provides a progressive environment in which 

you create and change your models through direct graphical 

manipulation. You drive the design process for your project 

by selecting an object (geometry) and then choose a tool to 

invoke an action on that object. This object- action work 

flow provides greater control over the design of your 

models while allowing you to express your creativity. The 

user interface provides further support for this design 

process. With this model, the context sensitive us

Interface guides you through the design process. After you 

choose an object an action, CATIA interpret he current 

modelling context and presents requirements and optional 

attempts to complete the task. This information is displayed 

in a non-obstructive user interface called the dashboard that 

enhances your ability to directly work with your models by 

assessing your action and guiding you through the design 

process.  

 

Assembly:  

Geometric Modelling:  

Computer representation of the geometry of component 

using software is called a geometrical model. There are 

three types of geometric modelling.  

Those are  

i. Wire-framing modelling  

ii. Surface modelling  

iii. Solid modelling  

 

Solid modelling:  

This is most advanced geometric modelling in Three 

dimensions. This typically uses solid geometry shapes 

called picture to construct the object. Another feature of the 

CATIA system is color graphics capability. By means of 

color, it is possible to display more information on the 

graphics screen colored images help to clarify components 

is an assembly or highlight dimensions or host of other 

purposes.  

VI. STEPS INVOLVED IN DESIGN  

1. Draw the profile diagram of the wheel rim solid 

modelling software the designer can create a feature in two 

basic ways. One is to sketch of the shape to be added and 

then extrude, revolve or sweep it to create the shape. This 

are called sketched features. Another type of the features is 

the pick and place feature. In this feature engineering 

operation such as placing a hole, chamfering, or rounding a 

set of edges, or shelling out the model is done.  

 

 
Fig 3: wheel rim profile 

2. Now revolve the profile body with respect to y-axis.  

Then we obtain the wheel rim body as  

 
Fig 4: wheel rim profile 

 

3. By selecting the face of wheel, the required design is  

Drawn on the surface is removed by using POCKET  

Operation  

 
Fig 5: wheel rim profile 
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4. by using circular pattern the specific design is obtained 

all over the rim  

5. Once again selecting the face draw the circle for and 

rotate them using circular pattern.  

6. Form holes using POCKET option.  

7. And finally using the EDGE FILLET option the side 

edges are made filleted for final finishing.  

 

VIEWS OF WHEEL RIM 

(a) Top View  

 
Fig 6: wheel rim profile 

 

(b) Side View  

 
Fig 7: wheel rim profile 

Drafting is a process of making dimensions to a model in 

various views. Some of the drafted views of the wheel rim 

are as follows:  

Finite Element Method (FEM):  

FEM is the most popular numerical method.  

Applications- Linear, Nonlinear, Buckling, Thermal,  

Dynamic & Fatigue analysis. FEM will be discussed in  

Detail at later stage.  

 Software Based FEM:  

For using any commercial software there are 3 steps -  

1) Preprocessing- Consumes most the out of the three  

Steps.  

2) Processing (or solution) - just click on “Solve"& it's the 

software's turn to do the job  

3) Post processing- Result viewing & interpretation  

Step 1 - Pre processing:  

a) CAD data  

b) Meshing  

C) Boundary conditions  

In early stage of industrial applications of Finite Element 

Analysis, CAD, meshing & analysis al1 used to be carried 

out by a single engineer only. Soon it was realized that 

separation of the jobs &forming dedicated subgroups i.e. 

CAD group, Meshing group & Analysis or calculation 

group is necessary for optimum output and efficiency. CAD 

& Meshing -There are specialized software’s for CAD, 

Meshing & Analysis. CAD & meshing consumes most of 

the time For example - Typical time for a single person to 

mode1 (CAD) 4cylinder engine block is 6 weeks & for 

brick meshing 7 weeks (For tetra mesh about 2 weeks). 

Boundary Conditions -Consumes least time but it is the 

most Important step (typically applying load cases is about 

1 day job). 3 months hard work of meshing & CAD data 

preparation of engine block would be undone in just 1 day 

if boundary conditions are not applied properly. After 

completion of preprocessing i.e., CAD, Meshing and 

Boundary conditions, software internally forms  

Mathematical equations of the form [F] = [K] [δ] 

Step 2 - Processing or Solution:  

During preprocessing user has to work hard while solution 

step is the turn of computer to do the job. User has to just 

click on solve icon & enjoy a cup of tea! Internally software 

carries out matrix formations, inversion, multiplication & 

solution for unknown e.g. displacement & then find strain 

stress for static analysis. Today we are using FEA just 

because of availability of computers. FEM has been known 

to Mathematicians & engineers right from late 50's but 

since solving so many equations manually was not possible, 

in true sense FEA got recognition only after emergence of 

high capacity Computers.  

Step 3 - Post processing:  

Post processing is viewing results, verifications, and 

conclusions & thinking about what steps could be taken to 

improve the design. Consider a simple example which 

involves al1 the above Steps Probably at the moment you 

are sitting on a chair or stool & reading this book. In this 

example we will analyses the stool itself for stress & 

displacement for a load of 200 kg (assuming it could be 

used for sitting as well as supporting any object up to max. 

200 kg wt.)  

Static analysis:  

A static analysis calculates the effects of study loading 

conditions on a structure, which ignoring inertia and 

damping effects such as those caused by time varying 

loads. A static analysis can, however, includes study inertia 

loads (such as gravity and rotational velocity), and time 

varying loads that can be approximated as static equivalent 

loads (such as the static equivalent wind and seismic loads 

common defined in many building codes). Static analysis is 

used to determine the displacements, stresses, strain, and 

forces in structures or components caused by loads that do 

not induce significant inertia and damping effects. Study 

loading and resonance conditions are assumed; that is, the 

loads and the structures response are assumed to vary 

slowly with respect to time moment is equal to reaction 

forces and moments 

VII. SPECIFICATIONS 

a. Tire diameter (approx.) =560mm  

b. Wheel size=14 inches  
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c. Length =86mm  

d. Flange shape=J  

e. Rim width=5 inches  

f. Wheel type= disc wheel  

g. Flange height= 0.68inches  

h. Tyre type = radial  

i. Aspect ratio=65 Off set=80.54  

 

VIII. ANALYSIS USING ANSYS  

After preparing the model in CATIA it is imported to 

ANSYS. The file is imported from CATIA by  

File>Import>IGES 2. The imported model is meshed by 

using TETRA mesh. The meshed model is as follows:  

 
Fig 8: wheel rim-meshing 

 

3. Later this meshed model is defined with two different 

materials namely ALUMINIUM and FORGED STEEL and 

subjected to static analysis.  

 
Fig 9: wheel rim profile 

IX. AT PRE-PROCESSOR STAGE 

Input data for ALUMINIUM:  

Young’s modulus =0.71e5 N/mm²  

Poisson ratio =0.33  

Density =2800 kg/m³  

Circumferential pressure =200 kpa  

Input data for FORGED STEEL:  

Young’s modulus =2.1e5 N/mm²  

Poisson ratio =0.3  

Density =7600 kg/m³  

Circumferential pressure =200 kpa  

After this meshed model is constrained at holes by all DOF 

where the bolts has to be placed.  

After constraining the meshed model, the model is 

subjected to a circumferential load of 200 Kpa.  

Later the results were obtained in the SOLVER module.  

In the similar way MODAL (VIBRATION) ANALYSIS is 

carried out. In modal analysis only all  

DOF is given, beyond that no external force is applied.  

Later in the SOLVER module, analysis type is  

Changed from static command to modal command  

And solution in done in solution window.  

Next solution results such as Stress, Displacement,  

Von mises stress, ultimate strength etc.., can be  

Observed in GENERAL POST-PROCESSOR. 

Discretization of the Mathematical Model:  

The ANSYS workbench uses a finite element method to 

discretize the model into finite elements. Finer mesh size 

was used; a mesh size of 10mm (0.01m). SOLID 187 10 

node tetrahedral is the element used for the analysis. The  

Element is defined by 10 nodes having three degrees of 

freedom at each node: translations in the nodal x, y, and z 

directions. In meshing the rim, a smooth transition inflation 

option is used, with transition ratio of 0.272 and growth rate 

of 1.2. A total of nodes and elements are created for this 

mesh. A patch conforming method is also used. Figure 

shows a discretized rim from the ANSYS  

Workbench.  

Boundary Conditions: 

In the experimental set-up used in the industry that is been 

mimicked by this simulation, two boundary conditions were 

applied. These initial boundary conditions are the number 

of degree of freedom (DOF) at the holes where the  

RESULT AND DISCUSSION 

From the finite element software, the result of the Von 

Misses stress distribution obtained from the static stress 

analysis is as shown in Figure. It shows that the maximum 

Von Misses stress occurred at the wheel forks.  

RESULTS OF AL356:  

 
Fig10: Total Deformation 

 
Fig11: Von Misses Stress 

 

RESULTS OF AZ91E: 

 
Fig: 12 Total Deformation 
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Fig 13: Equivalent Stress 

 

Fatigue Study: 

During the static analysis of the steel wheel, it was 

discovered that the maximum stress concentration occurred 

at the spokes and ventilation hole of the rim under loads Fr 

and pi. This point of maximum stress concentration was 

found to be identical with that of actual practical test 

results. The wheel rotating at a speed of 950 rpm under the 

stated loads, fatigue crack propagation at the point of  

Maximum stress concentration is observed as demonstrated 

in Figure 

Fatigue results of AZ91E:  

 
Fig 14: Factor of Safety 

 

 
Fig 15: Equivalent Stress 

 

RESULTS OF AL356:  

 
Fig 16: Safety Factor 

 

 
Fig 17: Equivalent Stress 

CONCLUSION 

The finite element based approach, using ANSYS, is an 

effective method of predicting the failure mode of an 

automobile wheel during the wheel design stage. Finite 

element-based stress analysis and fatigue life prediction 

obtained from the ANSYS software showed that the fatigue 

crack initiation regions on the wheel are subjected to stress 

concentration. Fatigue crack initiation occurs at the most 

stress concentrated regions of the wheel spokes and air 

ventilation holes which are the critical regions of the wheel. 

The predicted failure locations are identical to the actual 

crack initiation regions and are consistent with order 

reports.  
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Abstract:  In This paper the performance of the vapor 

compression refrigeration system with diffusers at compressor 

inlet was studied by using R134a refrigerant. Initially to 

making the four diffusers with the divergence angles of 

10°,12°,14°,16°. The experiment is carried to testing of 

diffusers at inlet of the compressor. When diffuser placed at 

compressor inlet the outlet tube diameter of evaporator is 

equal to inlet diameter of the diffuser and outlet tube diameter 

of the diffuser is equal to the suction tube diameter of the 

compressor. The system performance is analyze by using of 

thermodynamic first and second law, to calculate the 

coefficient of performance.  

Key Words: Diffuser, Refrigerating effect, cop. 

I. INTRODUCTION 

In vapour compression system, mainly the 

refrigerant under goes phase changes from vapor to liquid 

state and then liquid to vapor state. In the refrigeration 

system reject the heat in condenser and heat will be 

absorbed in evaporator. The cop is the ratio of the heat 

transfer rate in the evaporator to work of the compressor. 

The system performance is mainly increases by increasing 

the refrigeration effect or by decreasing the work of the 

compressor. Different type of techniques are find on the 

way to improve the cop of the system, as reported in 

literature. 

M. Yohanet al., [1] to study the use of diffuser in 

refrigeration system at condenser inlet. The performance 

can be enhanced by reducing the compressor work by using 

of diffuser. The system cop was increased by 6% and work 

of the compressor was reduced by 6.10%.  

P. Pranitha et al., [2] in this study to analysis the 

performance of vcr system by placing the nozzle and 

diffuser. Nozzle is incorporated at inlet of the evaporator 

and diffuser is incorporated at inlet of the condenser. 

  B.Sandhya Rani et al.,[4] In this paper study the 

experiment was successfully completed by incorporate the 

nozzle in the cycle at outlet of the condenser. The exta 

pressure droped in the nozzle, these additional help to 

achieve the more performance of the refrigeration system. 

The convergent angle of nozzle is increases from 10° to 

14°. The 14° convergent angle of nozzle is got the better 

cop of the system. 

K.Jaya Sudheer Kumar et al.,[5] to study this paper to 

evaluate the performance of the vcr system without and 

with nozzle at inlet of the expansion valve. By using the 

nozzle in the system again decreasing of refrigerant 

pressure before entering the evaporator. It improve the 

refrigeration effect and increase the cop of the system 

increases. 

From the above literature survey I can understand the 

use of diffuser. None of the literature survey studied the 

effect of the diffuser in VCR system, it will rise the same 

amount of pressure before entering the compressor of the 

refrigerant. It will reduce the work of compressor. Due to 

these reduction, the system performance will increase. 

 

II. EXPERIMENTAL SETUP AND METHODOLOGY 

Manufacturing of Diffusers: 
The flow of the refrigerant in the VCR system is subsonic. 

The diffuser is increases the pressure of the refrigerant 

without any work input. The diffusers are shown in figure2. 

 

Diffuser length (L) = 10 mm 

Outlet diameter of diffuser inlet (d1) = 11 mm 

Inner diameter of diffuser inlet (d2) = 6 mm 

Outlet diameter of diffuser outlet (D1) = 15 mm 

Inner diameter of diffuser outlet (D2) = 10 mm 

Divergence angles (θ) =10°, 12°, 14° and 16°. 

 
                              Fig.1 line diagram 

 
 Fig.2 Diffuser 

 

III. EXPERIMENTAL SETUP 

   It mainly consists of the main loop of system. The 

main loop is consists of a compressor, condenser, capillary 

tube valve (expansion valve) and evaporator. The 

compressor used in this one is hermetically sealed 

reciprocating type compressor and capacity is 1/8th TOR. 

The condenser and evaporator both are the coppered single 

tube. In this single flow tube condenser, inner side 

refrigerant flows and air is flows out side of the tube. The 

refrigerant then flows in to the evaporator through 

expansion valve. The capillary tube is used to control the 

flow rate of the refrigerant in to the evaporator coil and also 

to set the difference pressure. In the one flow tube 

evaporator, the refrigerant flow through the inner side of 

the tube and water is in storage tank outside of   the tubes. 

To minimize the heat losses, the tube is insulated. The four 
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diffusers were tested at compressor inlet by changing one 

by one diffuser. 

 The readings were taken with changing the 

diffuser at compressor inlet. By using the five pressure 

gauges, these gauges are incorporated in the system to note 

down the pressure at various points (diffuser inlet, outlet, 

compressor outlet, condenser outlet and inlet of 

evaporator).  By using the temperature sensors, to measure 

the temperatures at various points in the system like as 

pressure gauges. The voltage and the current in the system 

are measured by using the voltmeter and ammeter. Power 

consumption of the system is constant that is 230wats. 

 
                Fig.3 Experimental set up line diagram 

 

 
Fig.4 Experimental set up 

IV. RESULTS AND DISCUSSIONS 

A. Experimental set up readings 

Table 1 shows the experimental readings of pressure  

State 
points 

Position 

Pressure (psi) 

Wit
hou

t 

diff
use

r 

With diffuser 

10° 12° 14° 16° 

1 
Compresso

r inlet 
6 6 8 10 7 

2 
Condenser 

inlet 
170 170 170 170 170 

3 
Condenser 

outlet 
170 170 170 170 170 

4 
Evaporator 

inlet 
5 5 5 5 5 

 

Table 2 shows the experimental readings of temperature 

 

State 

points 
Position 

Temperature(c0) 

Wit
hou

t 

diff
user 

With diffuser 

100 12° 14° 16° 

1 
Compressor 

inlet 

 

31 

 

31 

 

32 

 

33 

 

31.5 

2 
Condenser 

inlet 
 

41 
 

41 
 

41 
 

41 
 

41 

3 
Condenser 

outlet 

 

38 

 

38 

 

38 

 

38 

 

38 

4 
Evaporator 

inlet 

 

-4 

 

-4 

 

-4 

 

-4 

 

-4 

 

B. Calculations. 

From the p-h chart of R-134a refrigerant 

h1 = 433 kj/kg 

h1
’ = 438 kj/kg 

h2 = 520 kj/kg 

h3= h4= hf3    = 250 kj/kg 

Compressor work (c.w) = h2 - h1 = 520 – 433 = 87 kj/kg 

Refrigeration effect = h1–h4 = 433 - 250 =183 kj/kg 

Diffuser work   = h1
’ - h1 = 438 - 433 = 5 kj/kg 

Reduction in compressor work = (h2 - h1) - (h1
’ - h1) 

=87- 5= 82 kj/kg 

COP without diffuser    = 183 / 87 = 2.10 

COP with diffuser   = 183 /82 = 2.23 

 

C. Variation of pressure with respect to the diffuser divergence angles 

  

Fig.5 Variation of pressure with diffuser diverging angle 
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Figure 5 shows the variation of pressure with 

respect to the diffuser divergence angles. It was observed 

that, initially the pressure at 6 PSI when experiment without 

diffuser. Using 10° angle of diffuser pressure is same as 6 

PSI and increases 8 PSI by using 12° angle of diffuser and 

increased to 10 PSI when using the 14° divergence angle of 

diffuser. The pressure is decreases up to 7 PSI when using 

the 16° diffuser. At 14° angle of diffuser get the maximum 

pressure. 

D. Variation of temperature with respect to the    

diffuser angles: 

 

Fig.6 Variation of temperature with diffuser divergence angles 

 

Figure.6 shows the variation of temperature with respect to 

the diffuser angles. Initially temperature at 31°C without 

diffuser. When using diffusers, the temperature increases to 

33°C up to 14° angler of diffuser and then decreased 

31.5°C when using the 16° angle of diffuser. This is the 

maximum temperature is get when using 14° angle of 

diffuser.  

E. Variation of cop with respect to the diffuser 

divergence angles: 

 

Fig.7 Variation of cop with diffuser divergence angles 

Figure 7. Shows the variation of cop when using the 

diffusers in the refrigeration system. It was noted that the 

maximum percentage of reduction in compressor work and 

maximum obtained COP are at diffuser with divergence 

angle 14⁰ at suction pressure 10 psi. By applying the first 

law of thermodynamics to the diffuser, it was observed that 

the increase in enthalpy is proportional to the kinetic energy 

of refrigerant. The rise in enthalpy is without any power 

consumption. Net compressor work was reduced for 

constant refrigerating effect. 

 

CONCLUSION 

The experimental investigation was carried out to study the 

effect of diffusers at compressor inlet of vapour 

compression refrigeration system. The four diffusers are 

tested in the system.In this investigation, diffuser with 

angle of 14° is given by the maximum cop (2.23) to 

compare to other diffusers. The pressure of the refrigerant 

increased from 6 to 10 psi and the work of the compressor 

is reduced by 6.19%. The COP is increased approximately 

6.19%. This is most helpful to improve the cop of the 

system to provide the diffuser at compressor inlet in VCR 

system. 
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Abstract: A radiant cooling system refers to a temperature-

controlled surface that cools indoor temperatures by removing 

sensible heat and where more than half of heat transfer occurs 

through thermal radiation. This project includes the 

fabrication of air conditioning (HVAC) systems for 

commercial building by using radiant cooling systems. The two 

main benefits of radiant cooling systems include the potential 

to save energy and improvement of indoor thermal comfort. 

The radiant cooling panels can work more efficiently especially 

when proper control strategies are employed to avoid 

condensation. In this project we are studying about two 

primary types of radiant cooling systems. The first type is 

systems that deliver cooling through the building structure, 

usually slabs, these systems are also named thermally activated 

building systems (TABS).The second type is systems that 

deliver cooling through specialized panels. We are fabricating 

the working model of radiant cooling system and its pipe 

system.Radiant cooling panels are generally attached to 

ceilings, but can be attached to walls also. They are usually 

suspended from the ceiling, but can also be directly integrated 

with continuous dropped ceilings. Radiant cooling cools a floor 

or ceiling by absorbing the heat radiated from the rest of the 

room. When the floor is cooled, it is often referred to as 

radiant floor cooling; cooling the ceiling is usually done in 

homes with radiant panels.  

 

1. INTRODUCTION 

1.1 RADIANT COOLING: Radiant cooling systems are 

generally chilled ceiling beams or panels, to take advantage 

of convective air cooling as well as mean radiant 

temperature. Because cool air sinks, a chilled ceiling beam 

will cool air that will sink and distribute itself through the 

space. Convection is more important for radiant ceiling 

panels and beams because, unlike radiant floors, no one will 

touch these surfaces. Because of this, they are sometimes 

simply called "chilled beams".  However, radiant cooling 

systems can be located in floors as well. 

 

1.2 ADVANTAGES OF RADIANT COOLING 

SYSTEMS: There are several good reasons designers 

should consider including radiant cooling systems in new 

buildings in any climate zones. Commercial buildings 

primarily cooled by radiant means are more comfortable 

than buildings cooled by traditional HVAC systems. The 

first costs for radiant systems are comparable with those for 

traditional variable-air-volume (VAV) systems, but their 

lifetime energy savings over VAV systems are routinely 

25% or even more. With radiant systems, people are cooled 

by radiant heat transfer from their bodies to adjacent 

surfaces ceilings, walls, or floors whose temperatures are 

held a few degrees cooler than ambient.  

Space conditioning energy is usually moved from chillers 

or boilers to radiant panels or concrete slab using water as a 

medium. This produces impressive savings, since water has 

roughly 3,500 times the energy transport capacity of air. 

Even accounting for the pressure drop involved in pumping 

water throughout a building, a hydronic system can 

transport a given amount of cooling with less than 5% of the 

energy required to deliver cool air with fans. 

1.3 TYPES OF RADIANT COOLING SYSTEMS: 

CHILLED SLABS: These deliver cooling through the 

building structure, usually slabs, and is also known as 

thermally activated building systems (TABS). Radiant 

cooling from a slab can be delivered to a space from the 

floor or ceiling. Floor cooling is similar to floor heating that 

has been used in Europe since last few decades. 

CEILING PANELS: These deliver cooling through 

specialized panels. Systems using concrete slabs are 

generally cheaper than panel systems and offer the 

advantage of thermal mass while panel systems offer faster 

temperature control and flexibility. 

   

2. LITERATURE SURVEY 

2.1 LITERATURE SURVEY: Numerous specialists 

talked about the thermal comfort with in surfaces with a 

brilliant radiant cooling some of them are: Kulpmann in 

1993 exhibited his analyzed result about the radiant cooling 

system with a decent thermal comfort and an air superiority 

in a zone where this system present. Kulpmann utilized 

some heat gain for showing the condition surface. Loveday 

in 2003 talked about the estimations done by him on 

thermal comfort on human related in a working space with 

brilliant radiant cooling with no modifications the thermal 

comfort by the radiant cooling is conceivable. In 2002 

Mariel has built up a specific model with simulation 

application TRNSYS, utilizing the analyzed study, the 

execution of thermal comfort and energy utilization comes 

about for verification.  

In fact, instead of using boilers or chillers that consume 

high-grade fossil fuels and electricity for low-grade needs 

(space heating and cooling), a more dramatic reduction in 

loss in terms of exergy would be the use of alternative low-

grade cooling/heating sources. Examples are night cooling 

with ventilation, solar heating/cooling, evaporative 

processes, and ground heat exchange (Floride set al. 2002, 

https://en.wikipedia.org/wiki/Sensible_heat
https://en.wikipedia.org/wiki/Thermal_radiation
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Gao et al. 2008, Wei and Zmeureanu 2009, Sakulpipatsin et 

al. 2010, Hang et al. 2011).  

The purpose of HVAC systems is for maintaining better 

thermal comfort and indoor air quality. Two main 

parameters for providing acceptable thermal conditions are 

air temperature and mean radiant temperature. The 

combined influence of these two temperatures is expressed 

as the operative temperature. For low air velocities (< 0.2 

m/s), the operative temperature can be approximated with 

the simple average of air and mean radiant temperature. 

This means that air temperature and mean radiant 

temperature are equally important for the level of thermal 

comfort in a space (ASHRAE 2010). As air-based systems 

condition a space only by convection heat transfer, it can 

only directly manipulate air temperature, and mean radiant 

temperature cannot be controlled effectively. Therefore, it is 

a challenge for the air-based system to maintain thermal 

comfort in spaces where mean radiant temperature deviates 

largely from air temperature.  

 

3. FUNDAMENTALS 

3.1 PRINCIPLES OF RADIANT COOLING AND 

THERMAL COMFORT: Whenever there is a temperature 

difference between two objects, both objects will attempt to 

equalize the temperature. The energy transfer required to 

approach equivalent temperatures occurs through radiation, 

conduction and convection. Radiant energy is infrared 

energy that travels from “hot” to “cold” through a space, 

without heating the space itself. Humans are exothermic 

heat generators. Heat emission from the human body occurs 

via four modes of heat transfer: Radiation (~45%), 

Convection (~30%), Evaporation (~20%), and Conduction 

(~ 5%) 

3.2 MEAN RADIANT TEMPERATURE (MRT): 

According to ASHRAE (American Society of Heating 

Refrigerating and Air - Conditioning Engineers) Standard 

55-2010 defines six factors that affect thermal human 

comfort. They are Air temperature, Radiant temperature, 

Humidity, Air velocity, Clothing and metabolism.  

3.3 CHILLED SLABS: These deliver cooling through the 

building structure, usually slabs, and is known as thermally 

activated building systems (TABS). Radiant cooling from a 

slab can be delivered to a space from the floor or ceiling. 

Floor cooling is similar to floor heating that has been used 

in Europe since last few decades. Radiant cooling systems 

are generally chilled ceiling beams or panels, to take 

advantage of convective air cooling as well as mean radiant 

temperature.  Because cool air sinks, a chilled ceiling beam 

will cool air that will sink and distribute itself through the 

space. However, delivering cooling from the ceiling has 

several advantages: It is easier to leave ceilings exposed to a 

room than floors, increasing the effectiveness of thermal 

mass.  

 
Figure 3.1 - Radiant Cooling from Ceiling 

Radiant cooling systems typically use chilled water running 

in pipes in thermal contact with the surface. The circulating 

water only needs to be 2-4°C below the desired indoor air 

temperature. Heat is removed by the water flowing in the 

hydronic circuit once the heat from different sources in the 

space is absorbed by the actively cooled surface – ceiling, 

floor or walls. 

 
Figure 3.2: Laying of PEX pipes in Slab 

Majority of the cooling process results from removing 

sensible heat through radiant exchange with people and 

objects and not air, occupant thermal comfort can be 

achieved with warmer interior air temperatures than with air 

based cooling systems. Combined with higher cooling 

capacity of water than air, and having a cooled surface close 

to the desired indoor air temperature, radiant cooling 

systems offer significant reductions in cooling energy 

consumption. 

3.4 CEILING PANELS: Radiant cooling panels are 

generally attached to ceilings, but can also be attached to 

walls. They are usually suspended from the ceiling, but can 

also be directly integrated with continuous dropped ceilings. 

Modular construction offers increased flexibility in terms of 

placement and integration with lighting or other electrical 

systems. Lower thermal mass compared to chilled slabs 

means they can’t easily take advantage of passive cooling 

from thermal storage, but controls in panels can more 

quickly adjust to changes in outdoor temperature. Chilled 

panels are also better suited to buildings with spaces that 

have a greater variance in cooling loads. Chilled ceiling 

panels can be more easily integrated with ventilation 

supplied from the ceiling. Panels tend to cost more per unit 

of surface area than chilled slabs. Cooling the ceiling is 

usually done in homes with radiant panels.  
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Figure 

3.3: Radiant cooling panel attached to ceiling 

 

4.  SYSTEM DESIGN & FABRICATION OF 

RADIANT COOLING SYSTEM 

4.1 BASIC ON RADIANT COOLING SYSTEM 

UTILIZING BORE WELLS: To keep up slab 

temperature and soil temperature equal with an association 

comprises of two bore wells from which one is associated 

with radiant slab and water is pumped through it and 

another drag well is linked with the heated water that leaves 

the radiant slab. During the time the temperature of earth 

beneath 12ft is consistent which is a mean temperature of 

particular geographical limitation is. The underneath figure 

demonstrates recorded room temperature. Utilizing stack 

impact ventilation framework, the way is likewise 

ventilated. 

 
Figure 4.1-Radiant cooling system utilizing bore well 

4.2 RADIANT COOLING SYSTEMS UTILIZING 

COOLED WATER: In this plan, the chiller creates the 

cool water by which the slab is chilled. The dew point 

temperature of breeze is progressively more when 

contrasted with the cool water temperature which was 

provided to a radiant slab. But the natural air climatically 

outline development can accomplish 240 C in space with no 

air dealing with unit by this systems. At the point when 

natural air is pumped it limits to 20% of power required for 

air taking care of units. 

 
Figure 4.2: Radiant cooling system utilizing cool water 

4.3 BASIC SECTION RADIANT COOLING SYSTEM 

UTILIZING COOLING TOWER: To keep up the slab 

temperature close to wet globule temperature otherwise 

called wet knob approach, the slab of radiant cooling is 

connected to a cooling tower. The dry globule and wet knob 

temperature very change in hot and dry atmospheres so this 

plan cools the space well impressively. The high measure of 

warmth is emanated from sun to largest amount of 

structures to possess space is overwhelmed by utilizing this 

framework. 

 
Figure 4.3: Radiant cooling system utilizing cooling tower 

4.4 RADIANT COOLING THROUGH CEILING 

PANELS: Radiant cooling boards are associated with 

ceiling and walls. They are generally ousted from the 

rooftop, yet can correspondingly be specifically integrated 

with constantly drop ceiling. Secluded developments article 

most elevated adaptability in conditions like situating and 

coordination with electrical system or lighting. From warm 

capacity the advantage of placing passive cooling  cannot  

be effortlessly taken by bring down warm mass when co-

related to chilled slabs, however constraint in panel scan 

quickly adjust to changes in outside temperature. Chilled 

panels are proper or space structures with spaces that 

includes a higher change in cooling loads.   

Chilled ceiling panels or Chilled roof panels can be easily 

joined with ventilation given from the rooftop. Chilled 

sections cost less per unit than juries. Ceiling is cooled 

ordinarily in houses with radiant ceiling boards. In spite of 

possibly appropriable for broadcast atmosphere, families I 

high sultry atmospheres radiant cooling is questionable. In 

North America brilliant cooling home apparatuses depend 

on ceiling boards suspended from the rooftop by which 

chilled water is dispersed. 

 
4.4 – figure radiant cooling panels working 

4.5 COMPRESSOR: The refrigerator compressor is both a 

motor and a pump that move the refrigerant through the 

system. Temperature sensors signal the compressor to start 

when the temperature inside the refrigerator rises above its 

set point. No refrigerator is completely airtight; cold air 

leaks out, and warmer air leaks in, causing the temperature 

to rise above its set point. 
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Figure- 4.5: Compressor used for fabrication 

COMPRESSOR SPECIFICATIONS: 
Capacity 0.10 ton (or) 3.5 kw 

Suction pressure 100 psi 

Discharge pressure 180 psi 

Standing pressure 70 psi 

Standing pressure during leak test 60 psi 

Running pressure during leak test 8-10 psi 

 

4.6 CONDERSER: In systems involving heat transfer, 

a condenser is a device or unit used to condense a substance 

from its gaseous to its liquid state, by cooling it. In so 

doing, the latent heat is given up by the substance and 

transferred to the surrounding environment.  

 
Figure 4.6: condenser used for fabrication 

4..7 CAPILLARY TUBE: Capillary tube is one of the 

most commonly used throttling devices in the refrigeration 

and the air conditioning systems. The capillary tube is a 

copper tube of very small internal diameter. It is of very 

long length and it is coiled to several turns so that it would 

occupy less space. The internal diameter of the capillary 

tube used for the refrigeration and air conditioning 

applications varies from 0.5 to 2.28 mm (0.020 to 0.09 

inches). Capillary tube used as the throttling device in the 

domestic refrigerators, deep freezers, water coolers and air 

conditioner.   

 

Fig 4.7 Capillary tube used in fabrication 

 

4.8 EVAPORATOR: An evaporator is a device in a 

process used to turn the liquid form of a chemical substance 

such as water into its gaseous-form/vapor. The liquid is 

evaporated, or vaporized, into a gas form of the targeted 

substance in that process 

 
Fig 4.8 Evaporator for fabrication 

The solution containing the desired product is fed into the 

evaporator and passes across a heat source. The applied heat 

converts the water in the solution into vapor. The vapor is 

removed from the rest of the solution and is condensed 

while the now-concentrated solution is either fed into a 

second evaporator or is removed. The evaporator, as a 

machine, generally consists of four sections. The heating 

section contains the heating medium, which can vary. Steam 

is fed into this section. The most common medium consists 

of parallel tubes but others have plates or coils typically 

made from copper or aluminum. The concentrating and 

separating section removes the vapor being produced from 

the solution. The condenser condenses the separated vapor, 

then the vacuum or pump provides pressure to increase 

circulation. 

4.9 REFRIGRANT: R134a is also known as Tetra fluoro 

ethane (CF3CH2F) from the family of HFC refrigerant. 

With the discovery of the damaging effect of CFCs and 

HCFCs refrigerants to the ozone layer, the HFC family of 

refrigerant has been widely used as their replacement. It is 

now being used as a replacement for R-12 CFC refrigerant 

in the area of centrifugal, rotary screw, scroll and 

reciprocating compressors. It is safe for normal handling as 

it is non-toxic, non-flammable and non-corrosive. Currently 

it is also being widely used in the air conditioning system in 

newer automotive vehicles. The manufacturing industry use 

it in plastic foam blowing. Pharmaceuticals industry use it 

as a propellant. It exists in gas form when expose to the 

environment as the boiling temperature is -14.9°F or -

26.1°C. This refrigerant is not 100% compatible with the 

lubricants and mineral-based refrigerant currently used in 

R-12. Design changes to the condenser and evaporator need 

to be done to use this refrigerant. The use of smaller hoses 

and 30% increase in control pressure regulations also have 

to be done to the system. 

Table 4.1: Properties of R-134a: 
S. No Properties R-134a 

1 Boiling Point -14.9°F or -26.1°C 

2 Auto-Ignition 

Temperature 
1418°F or 770°C 

https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Latent_heat
https://en.wikipedia.org/wiki/Copper_in_heat_exchangers
https://en.wikipedia.org/wiki/Aluminium
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3 Ozone Depletion Level 0 

4 Solubility In Water 0.11% by weight at 77°F or 25°C 

5 Critical Temperature 252°F or 122°C 

6 Cylinder Color Code Light Blue 

7 Global Warming 
Potential (GWP) 

1200 

 

5. PROJECT EXPENDITURE 

COMPONENT COST In Rs 

COMPRESSOR 2500 

CONDENSOR 260 

COPPER PIPES 1200 

WOOD AND THERMOCOOL 850 

WIRING AND MOTOR 220 

WELDING GAS AND R-134A ( REFRIGERENT) 750 

TECHNICAIN CHARGES 500 

 

6. CONCLUSION 

The desired working model of radiant cooling through 

chilled slabs is successfully fabricated. It is also 

successfully tested for working. The model gives the best 

results. The radiant cooling panels can work more 

efficiently especially when proper control strategies are 

employed to avoid condensation. Radiant cooling cools a 

floor or ceiling by absorbing the heat radiated from the rest 

of the room. When the floor is cooled, it is often referred to 

as radiant floor cooling; cooling the ceiling is usually done 

in homes with radiant panels. 
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Abstract: Energy demand is the hot topic of all 

developing and developed countries. Energy demand has 

been increasing day by day at a high rate. So, it is 

necessary to find an alternative solution that is eco-

friendly. Biodiesel can be the alternative solution for this 

problem. The main purpose of this paper is to test the 

engine performance and emission parameters of a diesel 

engine using animal fat biodiesel (fatty acid methyl 

esters) with diesel and using iron oxide Nano particles as 

additive. The parameters measured are volumetric 

efficiency, brake thermal efficiency, specific fuel 

consumption, mass fuel consumption and emission 

parameters are CO2, CO, NOx, and O2andHC. 

 

I.INTRODUCTION  

The need of diesel fuel is increasing in the current situations 
from several industries and vehicles. Simultaneously, because 
of its high compression ratio it increases the pollution to the 
environment. The demand for petroleum products and the cost 
is increasing day by day, so considering into current and future 
requirements for the usage of petroleum products there is a need 
of alternative fuels. The addition of biodiesel to diesel fuel 
improves the performance and emission characteristics of the 
diesel engine. The optimized biodiesel mix can Reduce some 
important portion of fuel dependency and surroundings from 
pollution with none modification to the diesel engine. The 
oxygen content presence in biodiesel reduces the carbon 
monoxide and hydrocarbons emissions and it increases the 
NOx formation at the exhaust. It leads to incomplete 
combustion due to poor atomization and to reduce the viscosity, 
pouring point and increasing the calorific value of biodiesel 
many researches have been carried out by researchers on 
different types of additives. The additives, metal and platinum 
based blended biodiesel improve the diesel engine performance 
and emission characteristics, but increases the size of the 
particles and accumulate less. Iron oxide has high level of 
purity in water and release hydrogen which provides more 
surface area helps in the combustion process. The optimum fuel 
with iron oxide brake thermal efficiency (Bth%) increased and 
specific fuel    consumption minimized as related to neat diesel. 
The emissions carbon monoxide (CO) and hydrocarbons (HC) 
reduced respectively however increase in NOX were observed. 
Improved hydrocarbon and carbon monoxide with addition of 
nanoparticles blended biodiesel compared to biodiesel. 
Reduced NOx with iron oxide nanoparticles due to sufficient 
fuel accumulation made early combustion and reduced ignition 
delay. Increase in brake thermal efficiency for biodiesel-
ethanol blend was observed due to better mixing abilities of 
nanoparticles in the presence of oxygen and significant 
reduction in unburnt hydrocarbon sand carbon monoxide as 
compared to diesel at 1/4th and 1/2nd percentage load. Brake 
thermal efficiency increased as compared to biodiesel and  

 

exhaust emissions hydrocarbons, carbon monoxide and NOx 
were reduced with nanoparticles compared to biodiesel. The 
higher dosage of alumina nanoparticles to diesel increased 
brake thermal efficiency compared to diesel and reduced 
carbon monoxide, hydrocarbons   and NOx with iron oxide 
nanoparticles in comparison with diesel. The addition of Fe2O3 
nano particles to biodiesel (B20) in compression ignition 
engine were improved performance and reduced emissions 
hydrocarbon, carbon monoxide and NOx with nano additives in 
diesel engine as compared to biodiesel. 

 The nanoparticles by mass fraction 50ppm, 100ppm and 
150 ppm were added to diesel fuel and compared the results 
with diesel. Observed that average brake thermal efficiency 
increased with nanoparticle dosages compared to diesel fuel. 
Exhaust emissions were decreased after 25% of the load than 
the diesel fuel. Bio-diesel with iron metal oxide nanoparticles 
added on the diesel engine with various dosages of 
nanoparticles resulted in lower BTE, BSFC and exhaust 
emissions compared to diesel. However, increase in NOx was 
noted with nanoparticles Investigations from researchers were 
carried out on iron oxide nanoparticles to see the effect of 
additions on performance and emission characteristics of the 
diesel engine. In the literature review most of the researchers 
established the addition of varying dosages of iron oxide 
nanoparticles in biodiesel blends and in diesel increases the 
calorific value of the fuel and found improvement in specific 
fuel consumption and brake thermal efficiency. Results also 
showed iron oxide nanoparticles to diesel and biodiesel. Also, 
with lower dosage levels of iron nano particle as additive in B10 
and B20, the BTE, BSFC and emissions    characteristics   were 
comparable with the diesel. The objectives of the present paper 
are to see the influence of addition of iron oxide nanoparticles 
blended with animal fat-based biodiesel on the CI engine for 
understanding the performance and emissions characteristics. 
The outcome of this study is improvement in the engine 
performance and exhaust emissions 

 

 MATERIALS AND METHODS 
        Some of the paper mentioned here are the works done on 
implementation of biodiesel in the present engines. Most of the 
results are in favour of biodiesel showing improvement in 
performance and emissions. 

       D. Jagadish et al. [1] mentioned that usage of biofuels 
received much attention in the current situation of depleting 
fossil-fuel reserves and in-creased emission legislation. Many 
ideas have been implemented upon usage of biofuels for energy 
production to achieve low-emission levels. Internal combustion 
engines are the basic prime movers for power generation as 
well as for transportation purpose, which are basically run on 
fossil petroleum. 
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Usage of eco-friendly fuels like ethanol and biodiesel as alter-
Nate fuels in engines attracted the attention of researchers. The 
present work envisages the effects of ester addition to the 
ethanol-diesel blendslikeE10, E20andE30. The performance 
and emissions nature of ethanol-diesel blended fuel was 
observed using a single -cylinder, direct injection, constant 
speed diesel engine. Exhaust gas recirculation was adopted to 
control NOx emissions. Engine performance in terms of brake 
specific fuel consumption, and brake thermal efficiency is 
compared. The results showed that, the engine performance has 
been improved with an addition of ester to ethanol -diesel 
blend. Considerable reductions in emissions also been observed 
with the addition of ester, and using the EGR option reduction 
of NOx emissions was observed. 

            K Ramarao et al [2] obtained the results of engine 
performance and emissions of a single cylinder Direct Injection 
(DI) diesel engine using diesel-biodiesel blends with Nano 
additive. Method: Blends of diesel-biodiesel of different 
proportions are prepared, to which Nano additive Cerium 
Oxide (CeO2) is added. Properties like Flash point, Fire point, 
Calorific values are established for these blends. This fuel is 
used in single cylinder Direct Injection (DI) 4-strokdiesel 
engine and performance of the engine is recorded along with 
emission details. Finding: In this present investigation cotton 
seed oil is taken as base oil (biodiesel) and Cerium Oxide 
(CeO2) as Nano additive. by using different blends of cotton 
seed oil methyl esters for which Cerium Oxide (CeO2) Nano 
additives of size 30-50 nm is added in different proportions 
with neat diesel fuel. 

           The experiments were conducted on a single cylinder 
Direct Injection (DI) 4-stroke diesel engine, and observed the 
variation of Specific Fuel Consumption (SFC), Brake Thermal 
Efficiency, Air-Fuel ratio, Exhaust Gas Temperature (EGT), 
NOx emissions, Carbon Monoxide (CO), and Hydro Carbons 
(HC) emissions. Conclusion: The results have shown lower fuel 
consumption, better performance, and lower emissions of 
Carbon Monoxide (CO), Hydro Carbons (HC) but higher 
emissions of (NOx), in comparison to neat diesel fuel.                     

Meshack Hawietal[3] Observed the effects of iron-doped 
cerium oxide(FeCeO2) nano particles as a fuel additive was 
experimentally investigated with waste cooking oil methyl 
ester (WCOME) in a four-stroke, single cylinder, direct 
injection diesel engine. The study aimed at the reduction of 
harmful emissions of diesel engines including oxides of 
nitrogen (NOx) and soot. Two types of nanoparticles were 
used: cerium oxide doped with10% iron and cerium oxide 
doped with 20% iron, to further investigate the influence of the 
doping level on the nanoparticle activity. The nanoparticles 
were dispersed in the tested fuels at a dosage of 90 ppm with 
the aid of an ultrasonic homogenizer. Tests were conducted at 
a constant engine speed of 2000 rpm and varying loads (from 0 
to 12 Nm.) with neat diesel (D100) and biodiesel–
dieselblendsof30%WCOMEand70% diesel by 
volume(B30).The engine combustion, performance, and 
emission characteristics for the fuel blends with nanoparticles 
were compared with neat diesel as the base fuel. The test results 
showed improvement in the peak cylinder pressure by 
approximately 3.5% with addition of nano particles to the fuel. 
A reduction in NOx emissions by up to 15.7% were recorded, 
while there was no noticeable change in unburned hydrocarbon 
(HC) emissions. 

2.0. EXPERIMENTAL SETUP 

The present experiments are conducted on a 5HP Vertical 
Cylinder single cylinder, water cooled engine of Kirloskar 
make. The compression ratio of engine is 16:1. Various 
Thermocouples are arranged at their respective positions to 
read the values of Exhaust gas temperature, Exhaust water 
temperature, water inlet temperatures. The amount of air 
inducted is measured by manometer connected to air box. The 
time taken for 10cc fuel consumption measured by stopwatch. 
The proportions of exhaust gases are measured by inserting the 
probe into adjustment made in the exhaust manifold. The 
schematics of the engine are shown below. 

3.0 RESULTS and DISCUSSION 

Experiments have been performed, experimental data have 
been obtained, investigated and analyzed for a single cylinder 
4-stroke, 5HP diesel engine using Animal fat, diesel and 
Animal fat oil at different blends. Calculations of engine 
performance are derived in order to obtain the statistical 
differences between Animal fat oil, diesel and Animal fat oil by 
using different blends. Most of the discussions emphasize on 
the comparison of engine performance for Animal fat oil, diesel 
and Animal fat oil by using different blends at minimum and 
maximum load condition at average speed (rpm) of the engine. 
During continuous running of a single cylinder 4-stroke, 5HP 
diesel engine for given time period, the mass flow rate of fuel, 
airflow rate for lambda (for getting engine performance), speed 
and oil temperature of engine, are studied and through overall 
performance of the engine has been shown. The variation of 
results appeared is according to load operations and type of fuel 
used. The variation of Indicated Thermal Efficiency with load 
for different fuels and blends is presented in Fig. It can see from 
graph that Indicated Thermal Efficiency is higher than that of 
B20Animalfatoilatmaximumloadtocompareother fuels and 
different blends. 

 

MEASUREDPARAMETERS: 

1. Break Thermal Efficiency (Bth%) 

2. Volumetric Efficiency (Vol%) 

3. Mass Fuel Consumption (Mfc) 

4. Specific Fuel Consumption (Sfc) 
 

ENGINEPERFORMANCE 

Brake thermal Efficiency 

Fig.6shows the variation of Brake thermal efficiency with 
variation of loads. It can be seen from graph that Brake thermal 
efficiency in all cases it increased with increased in load. The 
maximum Brake thermal efficiency was obtained at 
B20animalfat oil. 

 
Fig.6Brakethermalefficiency vs load 
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Volumetric Efficiency: 

Volumetric efficiency (VE) in internal combustion engine 
engineering is defined as the ratio of the mass density of the air-
fuel mixture drawn into the cylinder at atmospheric pressure to 
the mass density of the same volume of air in the intake 
manifold. 

 

Fig.7 Volumetric Efficiency Vs Load 

Mass of fuel consumption: 

Specific fuel consumption is the amount of fuel consumed by a 
vehicle for each unit of power output. A vehicle's specific fuel 
consumption is more or less independent from its nitrogen 
oxide emissions per kilometre. The specific fuel consumption 
of an engine is the rate of fuel burnt to produce a unit of thrust 

 

Fig.8 Mfc vs load 

 

Specific fuel consumption: 

Specific fuel consumption is the amount of fuel consumed by a 
vehicle for each unit of power output. A vehicle's specific fuel 
consumption is more or less in dependent from its nitrogen 
oxide emissions per kilometre. The specific fuel consumption 
of an engine is the rate of fuel burnt to produce a unit of thrust. 

 

Fig.9 Sfc vs load 
Exhaust Emissions: 

An exhaust system is used to guide reaction exhaust gases away 
from a controlled combustion inside an engine. 

 
NOx Emissions: 

Fig.11 shows the parts per million (ppm) variations of the NOx 
emissions of the test engine for cotton seed oil and its different 
blends with reference to diesel fuel. It is seen that the cotton 
seed oil and its different blends operations usually it is evident 
from plot that NOx emissions are less with samples B20 + 
(50,100,150) ppm Fe2O3 and B10 + (50,100,150) 
ppmFe2O3compared to diesel fuel. NOx emissions with other 
samples are higher compared to diesel fuel. The maximum 

increase in NOx emissionswereobtainedinthecaseofB20blend. 

 
 

Fig.10 NOx vs load 

CO Emissions: 

CO emissions are plotted for diesel and diesel-biodiesel-Nano 
additive fuels as shown in Figure 12. Due to incomplete 
combustion of fuel, CO is formed in the combustion process. 
With sufficient air supply, it can be converted to CO2. CO will 
also be formed due to low gastemperature.CO emissions high 
with rich-fuel mixture compared to lean mixture. CO emission 
is less for diesel-biodiesel-Nano additive fuel compared to that 
of diesel. Because of biodiesel’s enhanced oxygen content CO 
emission is reduced which is converted into CO2. To increase 
the load the CO emissions will decrease compared to diesel fuel. 

 
Fig co emissions vs load 
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HC Emissions: 

HC is an important parameter for determining the emission 
behavior of the engines. It is observed from Figure 13 the HC 
emissions are decreased as compared to diesel fuel. The reason 
is similar to that about CO emissions 

 
Fig.12 HC vs Load 

 

CONCLUSIONS: 
The performance, and the emission characteristics of cotton 
seed oil and it’s all blended fuels have been done in a single-
cylinder, constant speed, direct-injection diesel engine. Based 
on experimental data, the following   conclusions have been 
drawn: The BTE of the engine increases with increasing load 

for diesel and bio diesel and its blends with the addition of Nano 

additive (Iron Oxide (Fe2O3)). 

At lighter loads specific fuel consumption is less in case of 
diesel-biodiesel blend with nano additive compared to that of 
diesel, but with an increase in load there is little variation. 

The Air-Fuel ratio of the engine decreases with increasing load 

for diesel and biodiesel and its blends with the addition of Nano 

additive (Iron Oxide (Fe2O3). 

The EGT of the engine decreases with increasing load for diesel 

and biodiesel and its blends with the addition of Nano additive 

(Iron Oxide(Fe2O3).The NOx emissions with their different 
blend accepts B10 + (50,100,150) ppm andB20 + (50,100,150) 
ppm iron oxide with addition of Nano additive decrease as 
compared to diesel fuel. 

 CO emissions are less at lower loads for all blends 
compared to diesel fuel, but CO emissions are nearly equal with 
that of diesel fuel at higher loads. HC emissions are less for all 
the blends at all loads, compared to that of diesel fuel. In this 
experimental observation the NOx emissions of the fuel blends 
are higher with increase of load compared with diesel fuel 
emission. These emissions are reduced with various other 
emission controlling techniques. 
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Abstract—The aim of this research is to evaluate the 

performance of a CI diesel engine at various loads when it is 

fueled with a combination of olive oil and soybean biodiesel. All 

of the tests were conducted on a constant speed. Olive oil and 

soyabean oil mixtures are used as fuel in the diesel engine.in this 

research we use a combination two biofuels as a single fuel. 

When the engine was run with DSO-I, DSO -II, and DSO-III 

blends at full load, the engine generated brake thermal 

efficiency of 33.54%, 32.06% and 30.4% respectively, and the 

conventional fuel efficiency is 34.25%. NOx emissions were 

reduced greatly in DSO-II blend comparatively diesel and we 

observe slightly decrease in CO emissions in all blends. Based 

on the plots DSO-II biofuel is suitable for the fuel in diesel 

engine without any engine modifications. 

 

Keywords— pollution, Bio diesels, IC Engines, Brake 

Thermal Efficiency. 

I. Introduction 

India is the most important changeover and developing 

economy on the planet. India’s utilization growth of non-

renewable energy sources will be most elevated by 2035. The 

rapid development in economy means expanding air 

pollution and energy consumption. India energy 

consumption increases 4% per year. There is a link between 

the transport industry and the country's economic growth, 

which directly affects the demand for portable energy 

sources. The tremendous growth of vehicular pollution and 

industrialization of the world has led to steep rise in the 

demand for petroleum products. This has given rise to 

frequent disturbance and uncertainties and uncertainties in 

the supply of petroleum and its prices. This situation is likely 

in the long run a lead to diesel scarcity and ultimately its 

depletion. The rapid depletion of petroleum fuels and their 

ever increasing costs have led to an intensive search for 

alternative fuels. Also there was need to reduce consumption 

of conventional fuels in the developing countries. Urban air 

quality management continues to pitch through the 

development of two wheelers and light engine passenger cars 

on road transport. Newly licensed cars in India contribute 70-

80% of domestic emissions of carbon dioxide and oxides of 

nitrogen. Abnormal automotive traffic circumstances 

contributed 31% to 57% of oxides of nitrogen and carbon 

dioxide respectively [1]. It is estimated that the contribution 

of the transport industry to carbon dioxide air pollution 

increases by 4-6% per year, leading to approximately seven 

times by 2050 [2]. Blends of Karanja and castor biodiesel 

with standard diesel in an unmodified single-cylinder DI 

diesel engine have been researched in multiple ratios directly 

in lowering emissions, whereas slight decreases in thermal 

efficiency have been observed and the concentration of 

blends rises the Brake specific fuel consumption, as well as 

the increased concentration of castor biodiesel, has resulted 

in increased HC, soot emissions, particulate matter NOX has 

been discovered to boost for all biodiesel mixtures [3]. 

Results acquired from light-duty diesel engine provided with 

used cooking sunflower oil and new sunflower oil biodiesel 

blends under steady speed and variable load conditions 

showed decreased emissions except NOX were higher than 

diesel at lower load circumstances. Waste cooking oil is 

suggested from the results [4]. Research on diesel engines 

with Jatropha and fish waste biodiesel mixtures resulted in 

lower carbon monoxide, HC and soot emissions, but exhaust 

gas temperatures and NOX were higher than diesel fuel [5]. 

The analytical validation of various biofuel blends in which 

average emissions were reduced by 4%, 15.6%, 43.3%, 3% 

and 37% for soya bean, jojoba curcas, veal oil, grease oil and 

pentanol respectively [6]. A single cylinder four-stroke DI 

diesel engine powered by Jatropha as alternative fuel 

delivered smooth performance with mildly enhanced BTE 

and decreased carbon oxides [7]. Adding Jamun seed powder 

and Jackfruit seed powder directly injected into a four-stroke 

single-cylinder computerized water-cooled diesel engine has 

resulted in enhanced efficiency up to certain limits and 

reduced oxides of nitrogen levels [8]. The combined impact 

of the injection timing and EGR method on a single cylinder 

four-stroke diesel engine possessively affected by a 10% 

reduction in NOX emissions from the motor operating waste 

plastic based oil and elevated performance compared to 

diesel fuel [9]. Black solder fly is used as alternative fuel in 

DI diesel engine to analyse the exhaust emissions it increases 

the oxides of nitrogen emissions as an alternative fuel. Higher 

oxides of nitrogen recorded in blends under 10% and 20% 

comparative to diesel [10]. Tyre pyrolitic oil used in a CRDI 

diesel engine of different proportions as an alternative fuel. 

From the outcomes it was concluded that the formation of 

carbon deposits was discovered, which also showed an 

enhanced Brake Thermal Efficiency of 30% [11]. Animal fat 

is used in alternative fuel in a single cylinder diesel engine 

have given remarkable reductions in emissions except oxides 

of nitrogen [12]. Common single-cylinder rail direct injection 

DI diesel engine running at higher fuel injection pressures 

and higher fuel injection times showed enhanced BTE with 

lower HC and NOX [13]. Mahua methyl esters used as 

biodiesel on CRDI engines at higher FIP have revealed 

improved combustion characteristics resulting in enhanced 

brake thermal efficiency with reduced oxides of carbon, 

oxides of nitrogen and unburnt hydrocarbons [14]. Honge 

biodiesel as an alternative fuel on Common rail diesel 

injection is coupled with Exhaust gas recirculation setup 

operating with multi injection at 900 bar and 15% EGR has 

resulted in higher Brake thermal efficiency and decreased 

CO, CO2, particulate matter, unburnt hydrocarbons and 

nitrogen oxides [15]. Lemon peel oil is used as a biodiesel in 

common rail diesel injection system couples with exhaust gas 

recirculation. The EGR mass flow rate were 10% shows the 

decreases in SFC and reduction in soot emissions, oxides of 

carbon and oxides of nitrogen [16]. Higher Exhaust gas 

recirculation flow rates shown adverse effects on Brake 

thermal efficiency of light duty diesel engine whereas 5% 
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and 10% of exhaust gas recirculation have enhanced 

combustion characteristics [17]. Higher EGR flow rates show 

the decreases the combustion diffusion, improved premixed 

combustion and load increases cylinder gas temperature 

increases due to fuel quantity [18]. Soybean derived biodiesel 

fuel shows the premixing combustion increase at all loads. 

Maximum HRR and Maximum in-cylinder pressure 

expanding with the combined effects of biodiesel fuel 

addition and EGR application [19]. Higher cylinder pressure, 

faster burning rate and longer ignition delay at Bu40 in a 

heavy duty diesel engine. By adding EGR, maximum 

cylinder pressure decreases, maximum HRR increases 

because all the combustion process is delayed to expansion 

stroke [20]. The thorough review of the literature highlights 

the suitability and insufficiency of other sources, which will 

be mostly addressed by further enhancements and testing. As 

a result, the focus of this study is on fossil fuel substitution 

as well as hazardous cocktail control. 

II. Experimental Setup 

Investigations are carried out on computerized single 

cylinder CI engine Detailed specification of setup is provided 

in table 1. Performance readings captured and tabulated with 

the help of “enginesoft” software. Emission ranges are 

collected from AVL 437C smoke meter and AVL DIGAS 

444N exhaust analyzer.  
TABLE I. Engine Setup Specifications 

Parameter Specification 

Make Kirloskar 

No of cylinders / strokes One / 4 

Power / Speed / 

Compression ratio 
3.5 kW / 1500 RPM / 17.5 

Stroke length / Cylinder 

bore / Swept volume 
110 mm /87.5 mm /661.45 cc 

Coolant Water 

Dynamometer Eddy current 

ECU 
Model Nira i7r with programmable ECU 

software and calibration cable 

 

 
Fig. 1: Engine Setup 

 

 
Fig. 2: Schematic of Experimental setup 

 

III. RESULTS AND DISCUSSIONS 

With a computerized diesel test rig, the engine performance 

was tested on a single cylinder, four-stroke, naturally 

aspirated, direct injection, water cooled, 3.7 kW output 

power engine. The engine was directly linked to a swinging 

field dynamometer, and the parameters of the engine are 

listed in the engine specs. The fuel line was cleansed of 

leftover fuel after each fuel change. To stabilize on new fuel 

circumstances, the engine is made to operate at maximum 

load for at least 2 hours. Performance characteristics and 

exhaust parameters are at stable speed and various load 

conditions.  Some of the important performance parameters 

and emission plots are glanced briefly.  

A. Brake Thermal Efficiency 

The brake thermal efficiency deviation with brake power is 

shown by a figure that obviously shows that brake thermal 

efficiency is expanding with brake power. From the graph, it 

is noted that at all loads diesel has more brake thermal 

efficiency, which is the calorific value function. Since diesel 

has a greater calorific value compared to the remaining 

biofuels, the thermal efficiency of the brake has been directly 

affected. At maximum load, brake thermal efficiencies are 

34.25%, 33.54%, 32.06% and 30.4% respectively for Diesel, 

DSO-I, DSO-II and DSO-III blends. 

 

Fig. 3: variation of BTE with BP 

B. Specific Fuel Consumption 

Specific fuel consumption is a significant parameter that 

directly affects engine efficiency and defines fuel economy 

engine capacity. Figure shows the fuel consumption level at 

different charges. From the outcomes acquired, it is noted 

that diesel and sample fuels consumed more fuel without any 

load, and this gradually reduces with load increases. From the 

plots it is observed that DSO-III biofuel consumes less fuel 

compared with conventional fuel and all other blends it is 

8.7% greater than the diesel at the rated load.  

C. Oxides of Nitrogen 

At higher temperatures, air and biodiesel oxygen forms an 

appropriate environment for the formation of nitrogen 

oxides. From the plots it is observed that biodiesel 20% 

mixture that means DSO –II less NOX comparatively other 

blends it reduces oxides of nitrogen by 7% and all the blends 

produces less NOX exhausts than the conventional fuel 
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because biofuels have high latent heat of vaporization which 

causes lower combustion temperatures.  

 

Fig. 4: variation specific fuel consumption with BP 

 
Fig. 5: variation of oxides of nitrogen with brake power 

 

D. Carbon Monoxide  

CO is formed during combustion of fuel-rich mixtures due to 

less oxygen. Oxidation reactions involving intermediate 

species such as smaller molecules of hydrocarbons, 

aldehydes, ketones, etc.  Exhaust consists of low 

concentrated carbon monoxide, which increases gradually 

with load. Capricious distribution of charge and lack of time 

at peak load influence the emission of CO. From the plots it 

is observed that at the peak loads all biodiesels produces less 

emissions compared to the diesel but the DSO-II biofuel 

mixture reduces by CO exhausts by 22% which is a greater 

amount of emissions are reduced by DSO-II fuel.  

 
Fig. 6: variation of CO with BP 

 
 

IV. CONCLUSIONS 

From graphs and data it is summarised that the brake 

thermal efficiencies obtained by blended fuel samples are 

less than that obtained by diesel fuel. Sample DSO-I has 

shown optimistic outcomes whereas DSO-II and DSO-III 

outstripped at peak load. Fuel economy of samples DSO-I 

and DSO-II found same, which is 8% more than that of diesel 

at rated load.  

 Shaft power for particular fuel consumption is more 

for sample DSO-I, which has higher conversion percentage 

at all loads. Percentage of energy transmission from source 

to end is almost equal with diesel at rated load. Energy 

interaction through exhaust gases is more for diesel and 

almost equal for both the samples at peak load which 

enhances quality of availability. 

 At no load CO emissions are more compared to 

diesel which is reversed at full load. Increase in percentage 

of biodiesel decreased the percentage of CO emissions. 

From the above discussion, it is concluded that 

performance parameters of samples are in margin with each 

other and less than that of diesel. Sample blend DSO –II has 

given optimistic values in emissions and it is preferable 

sample for Diesel engine. 

V. Nomenclature: 

DSO–I: Mixture of 90% Diesel, 5% soyabean biodiesel and 

5% olive oil. 

DSO-II: Mixture of 80% Diesel, 10% soyabean biodiesel and 

10% olive oil.  

DSO-II: Mixture of 70% Diesel, 15% soyabean biodiesel and 

15% olive oil.  
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Abstract- Landing gear is a vital structural unit of an aircraft 

which enables to take off and land safely main landing gear 

units. Even during a normal landing operation heavy loads 

(equal to the weight of an aircraft) are to be absorbed by the 

landing gear. In turn joints are to be provided such that heavy 

concentrated loads are first received by the airframe and 

subsequently diffused to the surrounding areas. Normally heavy 

concentrated loads are received through a lug joint. Therefore 

design of a lug joint against failure under static and fatigue 

loading conditions assumes importance in the development of 

an aircraft structure.  

 

Keywords- Landing Gear types and Arrangement. 

I. Introduction  

Aircraft is machine that is able to fly from one place to 

another place. Many researches were made to fly the machine 

since from mythology, many had lost their life during their 

experiments, and many failed to fly their machine. But finally 

in 1910 Wright Brothers build machine which is able to fly 

for 59 seconds, which is very short duration but it is first 

milestone for development of aviation. Further many 

researches were made to transport the goods and passengers. 

Then it is brought into business for transportation. And also 

used in military for air support, thus many fighter planes are 

developed. An aircraft is a machine that is able to fly by 

gaining support from the air, or, in general, the atmosphere 

of a planet. It counters the force of gravity by using either 

static lift or by using the dynamic lift of an aerofoil, or in a 

few cases the downward thrust from jet engines. The human 

activity that surrounds aircraft is called aviation. Landing 

gear is one of the critical subsystem of an aircraft and is often 

configured along with aircraft structure. 

 

II. TYPES OF LANDING GEAR 

A. Tail wheel-type Landing Gear 

 Tail wheel-type landing gear is also known as 

conventional gear because many early aircraft use this type 

of arrangement. The main gear are located forward of the 

centre of gravity, causing the tail to require support from a 

third wheel assembly. A few early aircraft designs use a skid 

rather than a tail wheel. This helps slow the aircraft upon 

landing and provides directional stability. The resulting angle 

of the aircraft fuselage, when fitted with conventional gear, 

allows the use of a long propeller that compensates for older, 

underpowered engine design. The increased clearance of the 

forward fuselage offered by tail wheel-type landing gear is 

also advantageous when operating in and out of non-paved 

runways. Today, aircraft are manufactured with conventional 

gear for this reason and for the weight savings accompanying 

the relatively light tail wheel assembly. The proliferation of 

hard surface runways has rendered the tail skid obsolete in  

favor of the tail wheel. Directional control is maintained 

through differential braking until the speed of the aircraft 

enables control with the rudder. A steerable tail wheel, 

connected by cables to the rudder or rudder pedals, is also a 

common design.  

 

B.Tandem Landing Gear 

Few aircraft are designed with tandem landing gear. As the 

name implies, this type of landing gear has the main gear and 

tail gear aligned on the longitudinal axis of the aircraft. 

Sailplanes commonly use tandem gear, although many only 

have one actual gear forward on the fuselage with a skid 

under the tail. A few military bombers, such as the B-47 and 

the B-52, have tandem gear, as does the U2 spy plane. The 

VTOL Harrier has tandem gear but uses small outrigger gear 

under the wings for support. Generally, placing the gear only 

under the fuselage facilitates the use of very flexible wings. 

The tail wheel aircraft also sits with its nose higher than 

tricycle gear airplane, lowering forward visibility for the pilot 

during ground operations. It's more difficult to taxi without 

being able to see directly in front of you, which is why you'll 

often see pilots of tail wheel aircraft do S-turns while taxiing. 

And steering a tail wheel aircraft is different than steering a 

nose wheel aircraft since steering is accomplished from 

behind the pilot instead of in front. There are certainly 

benefits to a tail dragger, as well. The nose-high attitude on 

the ground means that the propellers on tail wheel aircraft 

often have more clearance from the ground, making them 

better suited for grass or dirt runways. And they're often 

designed and configured for slow flight, making them easier 

to land on short runways. Many are high-design and are better 

suited for backcountry flying than nose wheel aircraft are. Tail 

wheel airplanes are without a doubt the favorite airplane among 

bush pilots. 

  

C. Tri-Cycle Type Landing Gear 
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The most commonly used landing gear arrangement is the 

tricycle-type landing gear. It is comprised of main gear and 

nose gear. In this type of Gears the main gears are mounted 

below the wings. COG is exactly in between the nose wheel 

nose Gear and main Gear. Tricycle-type landing gear is used 

on large and small aircraft with the following benefits: 1. 

Allows more forceful application of the brakes without nosing 

over when braking, which enables higher landing speeds. 2. 

Provides better visibility from the flight deck, especially 

during landing and ground manoeuvring. 3. Prevents ground-

looping of the aircraft. Since the aircraft centre of gravity is 

forward of the main gear, forces acting on the centre of gravity 

tend to keep the aircraft moving forward rather than looping, 

such as with a tail wheel type landing gears. The nose gear of 

a few aircraft with tricycle-type landing gear is not 

controllable. It simply casters as steering is accomplished with 

differential braking during taxi. However, nearly all aircraft 

have steerable nose gear. On light aircraft, the nose gear is 

directed through mechanical linkage to the rudder pedals. 

Heavy aircraft typically utilize hydraulic power to steer the 

nose gear. Control is achieved through an independent tiller 

in the flight deck. The main gear on a tricycle-type landing 

gear arrangement is attached to reinforced wing structure or 

fuselage structure. The number and location of wheels on the 

main gear vary. Many main gear have two or more wheels. 

Multiple wheels spread the weight of the aircraft over a larger 

area. They also provide a safety margin should one tire fail. 

Heavy aircraft may use four or more wheel assemblies on 

each main gear. When more than two wheels are attached to a 

landing gear strut, the attaching mechanism is known as a 

bogie.  

 

D. Fixed and Retractable Landing Gear 

Further classification of aircraft landing gear can be made into 

two categories: fixed and retractable. Many small, single 

engine light aircraft have fixed landing gear, as do a few light 

twins. This means the gear is attached to the airframe and 

remains exposed to the slipstream as the aircraft is flown. As 

discussed in Chapter 2 of this handbook, as the speed of an 

aircraft increases, so does parasite drag. Mechanisms to 

retract and stow the landing gear to eliminate parasite drag 

add weight to the aircraft. 

II. SOFTWARE USED IN THE PROJECT 

Solid Works:  

Solid works is a suite of design software supporting product 

design developed by Dassault systems. It consists of apps, 

each with a distinct set of capabilities for a user role within 

product development. It runs on MS-Windows and provides 

apps for 2D design. 3D CAD feature modelling, 3D direct 

modelling, finite Element Analysis and simulation, 

schematic design, technical illustrations, and viewing and 

visualization. 
This app of the solid works software package consists of different 

modules based on the area of software usage and are as follows: 

• Sketch 

• Part 

• Assembly 

• Drawing 

• Simulation 

• Flow simulation 

• Sheet metal 

• Mold tools 

• Surface 

• Mechanism 

 

III. 3D MODELLING OF EXCAVATOR LOG 

LOADER 

 

 

 

 

A.  Computer Aided Engineering (CAE) 

Computer-aided engineering (CAE) is the broad 

usage of computer software to aid in engineering analysis 

tasks. It includes Finite Element Analysis (FEA), 

Computational Fluid Dynamics (CFD), Multi body dynamics 

(MBD), and optimization. 

Software tools that have been developed to support 

these activities are considered CAE tools. CAE tools are 

being used, for example, to analyze the robustness and 

performance of components and assemblies. The term 

encompasses simulation, validation, and optimization of 

products and manufacturing tools. In the future, CAE 

systems will be major providers of information to help 

support design teams in decision making. 

In regard to information networks, CAE systems are 

individually considered a single node on a total information 

network and each node may interact with other nodes on the 

network. 

CAE systems can provide support to businesses. 

This is achieved by the use of reference architectures and 

their ability to place information views on the business 

process. Reference architecture is the basis from which 

http://en.wikipedia.org/wiki/Software
http://en.wikipedia.org/wiki/Verification_and_validation
http://en.wikipedia.org/wiki/Process_optimization
http://en.wikipedia.org/wiki/Information_network
http://en.wikipedia.org/wiki/Node_(networking)
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information model, especially product and manufacturing 

models. 

The term CAE has also been used by some in the 

past to describe the use of computer technology within 

engineering in a broader sense than just engineering analysis. 

It was in this context that the term was coined by Jason 

Lemon, founder of SDRC in the late 1970s. This definition is 

however better known today by the terms CAX and PLM. 
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Abstract— In the present work Taguchi method is used to 

optimize tensile strength and hardness of the stir casted LM 26 

Al/RHA/RM hybrid composites.   Taguchi’s L9 orthogonal 

array is used for experimental design. Overall performance of 

the stir casting method is improved significantly by combining 

the experimental and analytical concepts and the most 

important parameter is determined on the result response. 

Hybrid composites are prepared by stir casting technique using 

three different parameters, stirring time, stirring speed, and 

weight fraction of the reinforcement particles. Better 

parameters for highest tensile strength and hardness to the 

castings are predicted by Taguchi technique and then 

composites are prepared at these parameters. The experimental 

and analytical results proved that the Taguchi method was 

successful in predicting the parameters that give the highest 

properties. From analysis of variance (ANOVA) test weight 

fraction is the most influential parameter on the tensile strength 

and hardness results of castings. 
 

Keywords: LM 26 Al/RHA/RM hybrid Composites; Taguchi 
method; ANOVA; Tensile strength; Hardness. 
 

I. INTRODUCTION  

Aluminium-based composite exhibit many attractive 

material properties such as increased stiffness, wear 

resistance, specific strength and vibration damping and 

decreased coefficient of thermal expansion compared with 

the conventional aluminium alloys [Donnell and Looney 

(2001)]. Al–Si alloys are widely used for various automobile 

applications owing to their high corrosion resistance, good 

castability and low density [Hemanth (2005)]. Taguchi 

technique is a powerful tool for the design of high quality 

systems [Luangvaranunt et al. (2010); Siva Prasad and Rama 

Krishna (2011)].It provides a simple efficient and systematic 

approach to optimize design for performance, quality and 

cost. The methodology is valuable when design parameters 

are qualitative and discrete. Taguchi parameter design can 

optimize the performance characteristic through the setting 

of design parameters and reduce the sensitivity of the system 

performance to source of variation [Taguchi and Konishi 

(1997)]. Dingal et al. [2004] used Taguchi method to find 

out the significant factors influencing density, porosity and 

hardness on selective laser sintering of iron powder. 

Guharaja et al. [2006] made an attempt to obtain optimal 

settings of green sand casting parameters using Taguchi 

method. Rama Rao and padmanabhan [2012] used Taguchi 

method and ANOVA in optimization of process parameters 

for material removal rate in electrochemical machining of 

Al/5% SiC composites. Nataraj et al. [2005] used risk 

analysis Taguchi method to find optimum conditions of 

design parameters.  Barua et al. [1997] used the Taguchi 

Method to optimize the mechanical properties of V 

(Vacuum) casting process. In this paper they consider the 

effects of the selected process parameters on the mechanical 

properties of alloy casting and subsequent optimal settings 

of the parameters, which are accomplished using Taguchi’s 

Parameter Design Approach. 

In the present study, the Taguchi method is used to obtain 

optimum tensile strength and hardness in the casting process 

of LM 26 Al/RHA/RM hybrid Composites. Finally, 

ANOVA and confirmation test have been conducted to 

validate the test result. 

II. MATERIALS AND METHODS 

A. Experimental work 

Fabrication of LM 26 Al, rice husk ash and red mud (LM 26 

Al/RHA/RM) hybrid composites were carried out by stir 

casting equipment as shown in Fig. 1. In the present work red 

mud was maintained constant at 5 wt% and rice husk ash was 

varied at 5, 10 and 15 wt% while preparing the hybrid 

composites.  

 

 
Fig.1. Stir casting equipment 

 

Based on the literature available, the experimental conditions 

shown in Table 1 are selected as input casting parameters to 

study the influence of theses parameters on tensile strength 

and hardness of the fabricated composites. A measured 

amount of LM 26 aluminium alloy was taken into a graphite 

crucible and melted in an electric furnace.  A measured 

amount of RHA and RM powder was preheated at 1500C for 

20 minutes and then added to the melt. After that, the melt 

was stirred inside the furnace at different speed and times to 

make a vortex in order to disperse the particles in the melt. 

The melt temperature was controlled around 7000C and 

poured into an EN8 steel die. The dimensions of the resulted 

castings are 30 mm diameter and 120mm length cylindrical 

rod. The fabricated composites were observed with scanning 

electron microscope (SEM). The SEM picture shows the 

uniform distribution of the RHA and RM particles in the LM 

26 Al alloy as shown in Fig. 2. Tensile specimens of hybrid 

composites were prepared according to ASTM E-8 

specification. The tensile test was performed at room 

temperature on a Universal Testing Machine of 10T (model 

Dak UTB9103).  The hardness of each specimen is measured 

by using Vickers hardness apparatus type Zwick & Co., 

Germany. 

 

 

 

 
TABLE I.  CONTROL FACTORS AND LEVELS 
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Symbol Control factor Level 

1 

Level 

2 

Level 

3 A Stirring time 

(min) 

6 9 12 

B Stirring speed 

(rpm) 

100 200 300 

C Weight fraction 

of RHA (%) 

5 10 15 
 

 
Fig. 2. SEM Picture of Hybrid AMMC 

B. Methodology 

In engineering analysis Taguchi methods have been utilizing 

for a long time for planning and conducting the experiments 

with the objective of acquiring data in a controlled way. The 

main advantage of Taguchi method is the saving of 

experimental time, reducing the cost, saving of effort in 

conducting experiments and discovering significant factors 

quickly. Taguchi’s robust design method is a powerful tool 

for the design of a high-quality system. In addition to the S/N 

ratio, a statistical analysis of variance (ANOVA) can be 

employed to indicate the impact of input process parameters 

on output response values. The steps applied for Taguchi 

optimization in this study are as follows.  

 Select noise and control factors  

 Select Taguchi orthogonal array  

 Conduct Experiments  

 Measurement of responses  

 Analyze results (Signal-to-noise ratio and 

ANOVA)  

 Predict optimum performance  

 Confirmation experiment  

Taguchi method stresses the importance of studying the 

response variation using the signal – to – noise (S/N) ratio, 

resulting in minimization of quality characteristic variation 

due to uncontrollable parameter. The responses considered 

as the quality characteristic with the concept of "the larger-

the-better". The S/N ratio used for this type response is given 

as:  

S/N = −10 log (mean square deviation) 

S N = −10log10 ⁄ [
1

n
∑

1

y2
]                                      (1) 

ANOVA is a statistically based, objective decision-making 

tool for detecting any differences in the average performance 

of groups of items tested. ANOVA helps in formally testing 

the significance of all main factors and their interactions by 

comparing the mean square against an estimate of the 

experimental errors at specific confidence levels. First, the 

total sum of squared deviations SST from the total mean S/N 

ratio nm can be calculated as [Lindman (1992)]:  

SST = ∑(ni − nm)2

n

i=1

                                                (2) 

Where n is the number of experiments in the orthogonal array 

and ni is the mean S/N ratio for the ith experiment. The 

percentage contribution P can be calculated as:  

P =
SSd

SST

                                                                        (3) 

where SSd is the sum of the squared deviations. 

III. RESULTS AND DISCUSSIONS 

A. S/N ratio analysis 

The design matrix, tensile strength and Vickers hardness 

values of the LM 26 Al/RHA/RM hybrid composites 

prepared with different stirring speeds, stirring times and 

weight fraction are given in Table 2. The S/N ratio values for 

tensile strength and Vickers hardness are calculated by 

taking into consideration “Eq. 1” and presented in Table 2. 

The measured responses were analyzed by using a standard 

commercial statistical software package MINITAB 14. 
TABLE II.  DESIGN MATRIX AND EXPERIMENTAL OBSERVATIONS 

Exp. 

No. 
A B C 

TS 

(MPa) 

S/N 

ratio 

HV 

(N/mm2) 

S/N 

ratio 

1 1 50 5 158 43.97 78 37.84 

2 1 150 10 175 44.86 86 38.69 

3 1 250 15 185 45.34 92 39.28 

4 2 50 15 188 45.48 86 38.69 

5 2 150 5 199 45.98 93 39.37 

6 2 250 10 164 44.30 80 38.06 

7 3 50 10 211 46.49 95 39.55 

8 3 150 15 168 44.51 82 38.28 

9 3 250 5 182 45.20 87 38.79 

 

The tensile strength response table for the stirring time, 

stirring speed and weight fraction was created in the 

integrated manner and the results are given in Table 3. 

Regardless of the category of the performance 

characteristics, a greater S/N value corresponds to a better 

performance. Therefore, the optimal level of the casting 

parameters is the level with the greatest S/N value. Based on 

the analysis of the S/N ratio, the optimal casting parameters 

for maximizing the tensile strength was obtained at 12 min 

stirring time (level 3), 100 rpm stirring speed (level 1) and 

15 % weight fraction of reinforcement (level 3).  
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TABLE III.  S/N RATIOS OF TENSILE STRENGTH AND VICKERS 

HARDNESS VALUES 

 Tensile strength Vickers hardness 

Level A B C A B C 

1 44.73 45.31 44.26 38.60 38.70 38.06 

2 45.25 45.11 45.18 38.71 38.78 38.72 

3 45.40 44.95 45.94 38.87 38.71 39.40 

Delta 0.67 0.37 1.68 0.27 0.08 1.34 

Rank 2 3 1 2 3 1 

 

Fig. 3 shows the effect of the casting parameters on the 

tensile strength values. From Fig. 3 it is observed that the 

tensile strength of the composites increases with increase in 

stirring time and weight fraction of reinforced particles and 

decreases with increase in stirring speed. 

 
Fig. 3. Effect of casting parameters on Tensile Strength 

  

 The Vickers hardness response table for the stirring time, 

stirring speed and weight fraction was created in the 

integrated manner and the results are also given in Table 3. 

Based on the analysis of the S/N ratio, the optimal casting 

parameters for maximizing the hardness values was obtained 

at 12 min stirring time (level 3), 200 rpm stirring speed (level 

2) and 15 % weight fraction of reinforcement (level 3). Fig. 

4 shows the effect of the casting parameters on the tensile 

strength values. 

 
Fig. 4. Effect of casting parameters on Hardness Values 

IV. ANALYSIS OF VARIANCE 

ANOVA results for tensile strength are given in Table 4. The 

predicted R2 of 0.99 is in reasonable agreement with the 

adjusted R2 of 0.96. It can observed from Table 4 that the 

stirring time (A), stirring speed (B) and weight fraction of 

reinforced particles (C) affect the tensile strength by 14.6%, 

4.9% and 79.5% in stir casting of  LM 26 Al/RHA/RM 

hybrid composites.   

TABLE IV.  ANOVA RESULTS FOR TENSILE STRENGTH 

Sour

ce 

D

F 

Seq 

SS 

Adj 

SS 

Adj 

MS 

F-

valu

e 

P- 

valu

e 

Percenta

ge (%) 

A 2 
337.5

6 

337.5

6 

168.7

8 

14.7

5 

0.06

4 
14.6 

B 2 
113.5

6 

113.5

6 
56.78 4.96 

0.16

8 
4.9 

C 2 
1838.

89 

1838.

89 

919.4

4 

80.3

4 

0.01

2 
79.5 

Error 2 22.89 22.89 11.44    

Total 8 
2312.

89 
     

 

ANOVA results for Vickers hardness values are given in 

Table 5. The predicted R2 of 0.9944 is in reasonable 

agreement with the adjusted R2 of 0.9778. It can observed 

from Table 5 that the stirring time (A), stirring speed (B) and 

weight fraction of reinforced particles (C) affect the hardness 

value by 3.9%, 0.3% and 95.24% in stir casting of  LM 26 

Al/RHA/RM hybrid composites.   
TABLE V.  ANOVA RESULTS FOR VICKERS HARDNESS VALUES 

Sour

ce 

D

F 

Seq 

SS 

Adj 

SS 

Adj 

MS 

F-

valu

e 

P- 

valu

e 

Percenta

ge (%) 

A 2 
10.88

9 

10.88

9 
5.444 7.00 

0.12

5 
3.9 

B 2 0.889 0.889 0.444 0.57 
0.63

6 
0.3 

C 2 
266.8

89 

266.8

89 

133.4

44 

171.

57 

0.00

6 
95.24 

Error 2 1.556 1.556 0.778    

Total 8 
280.2

22 
     

 

A. Confirmation test 

In Taguchi’s design approach experimental confirmation test 

is the final step to verify the results. The optimal conditions 

are set for the significant factors (the insignificant factors are 

set at economic levels) and a selected number of experiments 

are run under specified cutting conditions. The confirmation 

experiment is a crucial step and is highly recommended by 

Taguchi to verify the experimental results [Ross (1996)]. In 

this study, a confirmation experiment was conducted by 

utilizing the levels of the optimal casting parameters 

A3B1C3 for tensile strength and A3B2C3 for hardness value 

in the casting of LM 26 Al/RHA/RM hybrid composites. The 

confirmation experiments results are given in Table 6. From 

Table 6 it is observed that the error between the prediction 

confirmation values of tensile strength and Vickers hardness 

is very. 

 

 
TABLE VI.  RESULTS OF CONFIRMATION TESTS FOR TENSILE 

STRENGTH AND HARDNESS VALUE 

Optimal casting parameters 

Tensile strength Hardness value 

Prediction Confirmation Prediction Confirmation 

A3B1C3 A3B1C3 A3B2C3 A3B2C3 

43.5

44

44.5

45

45.5

46

46.5

A1 A2 A3 B1 B2 B3 C1 C2 C3

S
/N

 r
at

io

Casting parameters level
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218 220 82 82 

 

V. CONCLUSION 

This work has discussed the application of the Taguchi 

method for investigating the effects of casting parameters on 

mechanical properties of LM 26 /RHA/RM hybrid 

composites prepared by stir casting technique. From the 

analysis of the results in the casting process using the 

conceptual signal-to-noise (S/N) ratio approach, analysis of 

variance (ANOVA), and Taguchi’s optimization method, the 

following can be concluded from the present study: 

 The optimum level of casting parameters to obtain 

good tensile strength  for stir casting of L26 /RHA/RM 

hybrid composites are 15% weight fraction of particles, 12 

min stirring time, and 100 rpm stirring speed. 

 The optimum level of casting parameters to obtain 

good hardness  for stir casting of L26 /RHA/RM hybrid 

composites are 15% weight fraction of particles, 12 min 

stirring time, 200 rpm stirring speed for hardness.  

 Weight fraction of reinforced particles has the 

major effect on the mechanical properties of L26 /RHA/RM 

hybrid composites. 

 Taguchi method has proved its success in prediction 

the optimum casting parameters to reach the best properties. 
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Optimization in WEDM of HCHCR Steel Using 

Taughi Method 
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Abstract—The purpose of this study aims to obtain excellent 
products, consistent investigation and manufacturing process 
control which are the preconditions that organizations have to 
consider In this paper, process capability analysis was applied 
during wire electrical discharge machining (WEDM) to study 
the process performance within specific limits. The purpose of 
the experimentation is to identify the factors which have strong 
effects on the machining performance. From mean of S/N ratios 
for MRR, it is found that pulse-on time has highest rank ‘1’. 
Therefore, it has most significant effect on MRR. The wire feed 
has least effect on MRR. The order of other influencing 
parameters for MRR: pulse-off time, upper flush, lower flush 
and wire tension. 

Keywords- WEDM, MRR, S/N ratios, pulse-off time, upper 
flush, lower flush and wire tension 

I. INTRODUCTION 

1.1 Evolution of EDM Process 

Electrical Discharge Machining (EDM) is one of the most 

extensively used non-conventional material removal 

processes. The basis of EDM can be traced back to 1770, 

when English chemist Joseph Priestly discovered the erosive 

effect of chemical discharges or sparks. However, it was only 

in 1943 at Moscow University where Lazarenko and 

Lazarenko exploited for constructive use. They developed a 

controlled process for machining difficult-to-machine metals 

by vaporizing materials from the Surface of metal. The 

Lazarenko EDM system used resistance – capacitance type 

of power supply, which was used by EDM machine in 1950s 

and later served as a model for successive development in 

EDM.In 1980s the advent of Computer Numerical Control 

(CNC) in EDM brought about tremendous advances in 

improving the efficiency of the machining operation. CNC 

has facilitated total EDM, which implied an automatic and 

unattended machining from inserting the electrodes in the 

tool changer to a finished polished cavity or cavities. These 

growing merits of EDM have since then been intensively 

sought by the manufacturing industries yielding enormous 

benefits and generating research interests. 

1.2 About Alloys and Super Alloys:  

   Alloys are metallic materials consisting of two or more 

elements combined in metals used are in the form of alloys. 

Such a way that they cannot be readily separated by physical 

means. More than 90% of family of engineering. Materials 

that provide a wide range of products with useful properties. 

Stainless steel alloys are a combination of iron, 

chromium and nickel frequently modified by the presence of 

other elements. This family of alloys is particularly resistant 

to corrosion, in contrast to the rusting phenomenon that 

consumes ordinary steel. 
Super alloys of nickel and cobalt are used in aircraft 

engines due to their corrosion- and heat-resistance. 

Super alloys are heat-resisting alloys based on nickel, 

nickel-iron, or chromium that exhibit a combination of 

mechanical strength and resistance to surface degradation. 

Alloys  and  Super Alloys used  in  Aircrafts,  Power Plants,  

Nuclear Plants, Gas turbines,  Space Vehicles.  

II. LITERATURE REVIEW 

[1]  Ms. Shalaka Kulkarni and Manik Rodge , Process 

Parameters Optimization In WEDM of HCHCR Steel Using 

Taughi Method and Utility Concept Research Scholar, 

Associate Professor Production Engineering Dept., 

SGGSIE&T, Nanded (India) international journal of 

mechanical engineering and technology (ijmet) 

[2]  Kashid D.V., S.G. Bhatwadekar ,S.B. Sangale , P.R. 

Kubade  Investigations of Effect of Process Parameters on 

Material Removal Rate in Wire-cut Electrical Discharge 

Machining of Steel Grade EN 9. 

[3]   P. Abinesh1, Dr. K. Varatharajan, Dr. G. Satheesh 

Kumar Research Scholar, Velammal Engineering College, 

Chennai Optimization of Process Parameters Influencing 

MRR, Surface Roughness and Electrode Wear During 

Machining of Titanium Alloys by WEDM 

 

III. Wire EDM Set-Up and Working 

3.1 Construction of Wired: 

The wire-cut EDM is a discharge machine that uses CNC 

movement to produce the desired contour or shape. It does 

not require a special shaped electrode; instead it uses a 

continuous-travelling vertical wire under tension as the 

electrode. The electrode in wire-cut EDM is about as thick 

as a small diameter needle whose path is controlled by the 

machine computer to produce the shape required. 

Wire Electric Discharge Machine at Experimentation 

 
Fig:3.1:Electric Discharge Machine 

1) In wire electrical discharge machining (WEDM), also 

known as wire-cut EDM and wire cutting thin single-strand 

metal wire, usually brass, is fed through the work piece, 

submerged in a tank of dielectric fluid, typically de ionised 

water. 

2) Wire-cut EDM is typically used to cut plates as thick as 

300mm and to make punches, tools, and dies from hard 

metals that are difficult to machine with other methods.  The 

wire, which is constantly fed from a spool, is held between 

upper and lower diamond guides. 
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3) The upper and lower diamond guides are usually accurate 

to 0.004 mm, and can have a cutting path or kerfs as small as 

0.021 mm using Ø 0.02 mm wire, though the average cutting 

kerfs that achieves the best economic cost and machining 

time is 0.335 mm using Ø 0.25 brass wire. 

4) The wire-cut process uses water as its dielectric fluid, 

controlling its resistivity and other electrical properties with 

filters and de-ionizer the water flushes the cut debris away 

from the cutting zone. Flushing is an important factor in 

determining the maximum feed rate for a given material 

thickness. Units. 

5) Wire-cutting EDM is commonly used when low residual 

stresses are desired, because it does not require high cutting 

forces for removal of material. 

 

3.2 Components in Wire EDM: 

3.2.1 Dielectric Fluid         -   Di Ionized Water 

3.2.2 Electrode Material    -   Tool electrode(Cathode) 

                                                Work Piece (Anode) 

3.2.3 Wire                          -    Brass 

3.2.4 Power Supply            -    Direct Power Supply 

Range                                 -  20,000HZ - 30,000HZ 

 

3.3 Working Principle Of Wired 
 

 
Fig:3.2:Working Principle Of Wired 

Wire EDM machining (also known as "spark EDM") works 

by creating an electrical discharge between the wire or 

electrode and the work piece. As the spark jumps across the 

gap, material is removed from both the work piece and the 

electrode. To stop the sparking .Process from shorting out, a 

non-conductive fluid or dielectric is also applied. The waste 

material is removed by the dielectric, and the process 

continues. The wire-cut process uses de-ionized water as its 

dielectric fluid, controlling its resistivity and other electrical 

properties with filters and de-ionizer units. The water flushes 

the cut debris away from the cutting zone. 
 

Wire EDM Set-Up at Experimentation 

Flushing is an important factor in determining the maximum 

feed rate for a given material thickness. Wire-cutting EDM 

is commonly used when low residual stresses are desired, 

because it does not require high cutting forces for removal of 

material. If the energy/power per pulse is relatively low (as 

in finishing operations), little change in the mechanical 

properties of a material is expected due to these low residual 

stresses, although material that hasn't been stress-relieved 

can distort in the machining process. 
3.4 Part Programming 

 

Fig:3.3:Part Programming 

 

Wire EDM Programming Set-up at Experimentation 

The geometry of the profile and the motion of wire electrode 

tool along the profile is fed to the part programming system 

through key board, in terms of various definitions of points, 

lines and circles as the tool path element, in a totally menu 

driven, conversational mode. The wire compensation and taper 

gradient can be  

 

Specified for each path element separately. After the profile is 

fed to the computer, all the numerical information about the 

path is calculated automatically and its printout is generated. 

The entered profile can be verified on the graphic display 

screen. After successful profile definition, it is recorded by the 

computer which is then put in the generator for execution of the 

program. 
 

The wire, which is constantly fed from a spool, is held between 

upper and lower diamond guides. The guides, usually CNC-

controlled, move in the x–y plane.  

 

On most machines, the upper guide can also move 

independently in the z–u–v axis, giving rise to the ability to 

cut tapered and transitioning shapes.  

 

The upper guide can control axis movements in x–y–u–v–i–

j–k–l–. This allows the wire-cut EDM to be programmed to cut 

very intricate and delicate shapes. 
 

In Above Figure 

X     - Represents movements in X- axis 

Y      - Represents movement in Y –axis 

U     - Taper Along X- axis 

V      - Taper along Y-axis 

 

Voltage and Current readings are set by using adjustments available at 

Board of Wire EDM 

 

X-axis and Y-axis and Taper Angles are set by using adjustments 

provided at keyboard 

 

 

 

 

3.5 The Set-up by Set-up Wired Process 
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Fig:3.4:The Set-up by Set-up Wired Process 

 

During one time controlled spark erodes material: 

the demonized water surrounding the wire electrode as the power 

supply generates volts and amps to produce the spark. the process 

during pulse on time where the spark erodes the material by melting 

and vaporizing it. 

 
Fig:3.5: spark erodes material 

 

3.6 Process Parameters Of Wired 

3.6.1 Dielectric pressure 

Flushing is important in the process to achieve a stable 

machining condition. The pressure with which the coolant 

strikes the inter-electrode gap is determined in two levels- 

high and low. The flushing pressure is determined according 

to the material. For machining High Carbon High 

Chromium, high flushing pressure is recommended 

 

3.6.2 Pulse time On (Ton) 

Pulse on time is the period for which the voltage is applied 

across the gap. It is denoted by TON. The range of pulse on 

time is 1 to 10, in steps of 1. Higher the TON setting larger 

is the pulse on period. The single pulse discharge energy 

increases with increasing TON period, resulting in higher 

cutting rate and poor surface finish. Higher Value discharge 

leads to Wire Breakage. 

 

3.6.2 Pulse time Off (T off) 

Pulse off time is the period for which voltage across the gap 

is absent. It is denoted by TOFF. The range of pulse off time 

is 1 to 10, in steps of 1. Higher the TOFF setting larger is the 

pulse off period. This results in better surface finish. 

3.6.3 Wire Tension 

Wire tension is a gram-equivalent load with which the 

continuously fed wire is kept under tension so that it remains 

straight between the wire guides. Wire tension can be 

adjusted by the wheel provided on machine 

Column. While the wire is being fed continuously, 

appropriate wire tension prevents the undesirable wire 

deflection from its straight path. The wire deflection is 

caused due to spark induced reaction forces and water  

pressure brass wire of 0.25mm diameter can be applied with 

a maximum tension of 1000gm. Optimum wire tension 

results in high MRR and low surface roughness 
 

3.6.4 Wire Feed Rate: 

Wire Feed is the rate Wire electrode travel along the wire 

guide path and it is fed continuously for Sparking.  The wire 

feed range available for the present Wired is 1-10m/min, it 

is always set the maximum wire feed rate this will be result 

less wire breakage and good machinability. 
 

3.6.5 Gap Voltage: 

Gap voltage is the potential difference across the work piece and 

wire electrode. It is read directly on the voltmeter. Gap voltage 

depends on the set values of gap potentiometer and sensitivity 

potentiometer. High gap voltage gives poor finish. 

Ranges are 0-120V 

 

3.6.6 Average Gap Current: 

Gap current is the actual current consumed by the machining 

process. Its value is read on the ammeter directly. The values of 

average machining current given in the guidelines charts are 

indicative and differ with machines. Normally the wire can pass 

current of 4-6Amps in water. Since air bubbles are mixed in water 

only75% of the value may be achievable. High gap currents results 

in high MRR and vivo for Ra 

 

3.6.8 Metal Removal Rate (MRR) 

Maximum of MRR is an important indicator of the efficiency and 

cost effectiveness of the WEDM process, however increasing MRR 

is not always desirable for all applications since this may scarify the 

surface integrity of the work piece. A rough surface finish is the 

outcome of fast removal rates. 

 

3.6.9 Uses and Applications Of Wired 

EDM can easily machine parts with very thin walls, complex 

geometry, narrow slots, small corner radii, very small features, etc. 

with virtually no mechanical stress. 

EDM can cut hardened steel, titanium, Income and other difficult 

materials without the limitations of traditional machining. 

EDM can achieve an excellent surface finish with no burrs right out 

of the machine. 

EDM can reduce production costs with stacked parts machining 

using wire EDM as well as multi-up featuring for wire, sinker and 

hole pop EDM. 

Use EDM over broaching for better precision, accuracy and finish, 

no need to make a custom broach, and no risk of introducing 

unwanted debris into the finished part. 

Wire EDM is Used for Modern Tooling Applications. Advance 

Ceramic Materials, Modern Composite Materials 

 

IV. WORK PIECE MATERIAL 

“HIGH CARBON HIGH CHROMIUM-D3 STEEL” 

4.1 HCHCR-D3 STEEL 

 
Fig:3.6: HIGH CARBON HIGH CHROMIUM-D3 STEEL 
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4.1 HCHCR-D3 STEEL: 

Tool steel refers to a variety of carbon and alloy steels that 

are particularly well-suited to be made into tools. Their 

suitability comes from their distinctive hardness, resistance 

to abrasion and deformation and their ability to hold a cutting 

edge at elevated temperatures. As a result, tool steels are 

suited for their use in the shaping of other materials. With 

carbon content between 0.5% and 1.5%, tool steels are 

manufactured under carefully controlled conditions to 

produce the required quality. The presence of carbides in 

their matrix plays the dominant role in the qualities of tool 

steel. The four major alloying elements in tool steel that form 

carbides are: tungsten, chromium, vanadium and 

molybdenum. The rate of dissolution of the different 

carbides into the austenite form of the iron determines the 

high temperature performance of steel (slower is better, 

making for a heat resistant steel). Proper heat treatment of 

these steels is important for adequate performance.[1] The 

manganese content is often kept low to minimize the 

possibility of cracking during water quenching. 

 

4.2 Size and Dimension 

Table1.1: Specimen:  1 

Specimen specification: - 80*70*20 (mm) 

Thickness      :-20mm 

L=length=80mm, B=Breadth=70mm, T=thickness=20mm 

Specimen:  2 

Specimen specification: - 80*70*15 (mm) 

Thickness      :-15mm 

L=length=80mm,B=Breadth=70mm, T=thickness=15mm 

 

4.3 Composition of HCHCR-D3 Steel: 

Cold-work tool steels which include D2, D3, D4, D5, and D7 

steels are high-carbon, high-chromium steels. Apart from D3 

steel all group D steels have 1% Mo and are air hardened. 

Type D3 steel is oil-quenched; though small sections can be 

gas quenched after austenitization using vacuum. As a result, 

tools made with type D3 steel tend to be brittle during hardening. 

Type D2 steel is the most commonly used steel among the group D 

steels. The D3 steels contain 1.5 to 2.35% of carbon and 12% of 

chromium. 

 

 

 

Table1.2: Chemical Composition: 

ELEMENT PERSENTAGE 

Carbon, (C) 2.0 

Manganese , (Man) 0.3 

Silicon ,(Si) 0.3 

Nickel ,(Ni) 0.3 

Molybdenum ,(Mo) 1.0 

Chromium, (Cr) 12 

Iron 84.1 

 

4.3 Properties of HCHCR-D3 Steel: 

Table1.3:Properties of HCHCR-D3 Steel 

Properties Metric Imperial 

Density 
7.7 × 1000  

kg/m3 

0.278  lb/ 

inch3 

Melting Point 1421 .C 2590 .F 

 

 

 

 

4.3.2 Chemical Properties 

Tempering: 

The D3 tool steel should be cooled to room temperature 

and should be tempered immediately. The parts should be 

placed in the tempering furnace and increased slowly to the 

desired tempering temperature. Tempering for 1 hour per 

inch of thickness is required 
 

.C 150 200 250 300 350 400 

HRC 64/63 
63/

61 

62/

60 

61/

60 

60/

59 
59/58 

 

V. EXPERIMENTATION 

5.1 Signal to Noise  

Traditionally a designed experiment can be used to estimate or test 

the significance of certain factors on the basis of a measurable 

response over a set of experimental conditions. Taguchi 

emphasized that in addition to this, the variation of the experimental 

data needs to be studied. In order to facilitate this study he used the 

concept of a signal-to-noise ratio. The simplest form of signal-to-

noise ratio (S/N) is the ratio of the mean (signal) to the standard 

deviation (noise). 

Properties Metric Imperial 

Poisson’s 

Ratio 
0.27  -   0.3 0.27  -  0.3 

Elastic 

modulus 
190-210 Gap 

27557-

30457 ski 

IPod 

impact 

unmatched 

28.0 J 20.7 ft-lb 

Thermal 

expansion 
12 x 10-6/ºC 20-100 

 

--------------

- 

Hardness 58-64 HRC 58-64 HRC 

Stress Max:3.4837 N/m2 
Min:598.23 

N/m2 

Tensile 

Strength 
950 N/mm² 

--------------

- 

Yield 

Stress 
650 N/mm² 

--------------

- 

 

 
Where 

   Yak is the value of the response ‘j’ in the it experiment 

condition, with I=1, 2, 3, n; j = 1, 2…k. 

5.2 Taguchi Method 

Gnocchi Taguchi, an international consultant in the field of 

total quality control and assurance formulated both a 

philosophy and a methodology for the process of quality 

improvement that depends on statistical concepts, especially 

statistically designed experiments. Taguchi defined quality 

as the loss imparted to the society from the time a product is 

shipped to the market. The primary goals of the tag chi 

methodology 

Can be described as: 

1. A reduction in the variation of a product design to improve 

quality and lower the loss     Imparted to society. 

https://en.wikipedia.org/wiki/Carbon_steel
https://en.wikipedia.org/wiki/Alloy_steel
https://en.wikipedia.org/wiki/Tool
https://en.wikipedia.org/wiki/Hardness
https://en.wikipedia.org/wiki/Wear#Abrasive_wear
https://en.wikipedia.org/wiki/Austenite
https://en.wikipedia.org/wiki/Heat_treatment
https://en.wikipedia.org/wiki/Tool_steel#cite_note-Verhoeven-1
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Quenching
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2. A proper product or process implementation strategy 

which can further reduce the level of variation. 

 

5.3 Orthogonal Array 

Orthogonal arrays are highly fractional orthogonal designs 

proposed by Dr. Gnocchi Taguchi, a Japanese industrialist. 

These designs can be used to not only applicable to two level 

factorial experiments. 

It can investigate main effects when factors have more  than 

two levels. Designs are also available to investigate main 

effects for certain mixed level experiments where the factors 

included do not have the same number of levels 

 

5.4 Total Experiments and values 

Expand 
Voltage 

(volts) 

Ton 

(µs) 

Toff 

(µs) 

M/C 

Speed 

(mm/min) 

Time 

taken 

(min) 

1 58 4 7 0.90 26 

2 58 5 6 0.60 26 

3 58 6 5 0.85 24 

4 59 4 6 0.82 24 

5 59 5 7 0.70 23 

6 59 6 5 0.83 25 

7 60 4 5 0.70 22 

8 60 5 7 0.70 20 

9 60 6 6 0.90 18 

Specimen: 1- 20mm (t) 

 

Experiment No: 1 for (20 mm thickness :) 

Specimen specification: - 80*70*20 (mm) 

Thickness      :-20mm 

Shape of cut: -L shape in 10*10 (mm) 
Type of cut  : - Rough Cut 

  Machining parameters and their levels 

Total 9 experimental values for specimen: 1(20 mm   t) 

OA with assigned values of control Factors 

 

Voltage 58 Volts 

Current 2 Amps 

M/C speed 0.75 mm/min 

Ton 4 

Tuff 5 

Tuff 1 5 

Spool Wire Pass Speed 1 

Wire Tension 1000 

Time taken to cut the L-shape(10*10) 26 minutes 

Weight of Specimen before cutting 890 grams 

Weight of Specimen after cutting 735.9 grams 

 

Total 9 experimental values for specimen: 1(20 mm t) 

OA with assigned values of control Factors 

 

 

Expand 
Voltage 

(volts) 

Ton 

(µs) 

Toff 

(µs) 

M/C 

Speed 

(mm/min) 

Time 

taken 

(min) 

1 58 4 7 0.90 26 

2 58 5 6 0.60 26 

3 58 6 5 0.85 24 

4 59 4 6 0.82 24 

5 59 5 7 0.70 23 

6 59 6 5 0.83 25 

7 60 4 5 0.70 22 

8 60 5 7 0.70 20 

9 60 6 6 0.90 18 

      

 

Exp Code Ton Toff 

1 1 1 3 

2 1 2 2 

3 1 3 1 

4 2 1 2 

5 2 2 1 

6 2 3 3 

7 3 1 1 

8 3 2 3 

9 3 3 2 

Specimen: 2- 15mm (t) 

Experiment No: 2 for (15 mm thickness :) 

Specimen specification: - 80*70*15 (mm) 

Thickness      :-15mm 

Shape of cut: -L shape in 10*10 (mm) 
Type of cut  : - Rough Cut 

Reference Orthogonal Array 

Machining parameters and their levels 
 

Total 9 experimental values for specimen: 2 (15 mm t) OA 

with assigned values of control Facto 

NO 
Voltage 

(volts) 

Ton 

(µs) 

T0ff 

(µs) 

M/C Speed 

(mm/min) 

Time 

taken 

(min) 

1 58 4 7 0.60 26 

2 58 5 6 0.66 25 

3 58 6 5 0.71 24 

4 59 4 6 0.74 24 

5 59 5 7 0.79 23 

6 59 6 5 0.83 21 

7 60 4 5 0.85 22 

8 60 5 7 0.79 20 

9 60 6 6 0.80 20 

 

Voltage 59 Volts 

Current 2 Amps 

M/C speed 0.85 mm/min 

Ton 6 

Tuff 6 

Tuff 1 6 

Spool Wire Pass Speed 1 

Wire Tension 1000 

Time taken to cut the L-

shape(10*10) 
21 minutes 

Weight of Specimen before 

cutting 
680 grams 

  

Weight of Specimen after 

cutting 
668.9 grams 

 
Parameter Unit 

Level-

1 

Level

-2 
Level-3 

A Voltage Volts 58 59 60 

B 
Pulse time 

On 
µs 4 5 6 

C 
Pulse time 

Off 
µs 5 6 7 

D Peak Current Amps 2 2 2 
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SL.No 
Voltage 

(volts) 

Ton 

(µs) 

T0ff 

(µs) 

M/C Speed 

(mm/min) 

Time 

taken 

(min) 

1 58 4 7 0.60 26 

2 58 5 6 0.66 25 

3 58 6 5 0.71 24 

4 59 4 6 0.74 24 

5 59 5 7 0.79 23 

6 59 6 5 0.83 21 

7 60 4 5 0.85 22 

8 60 5 7 0.79 20 

9 60 6 6 0.80 20 

 

VI. RESULTS AND DISCUSSION 

      6.1 Calculation MRR for Experiments 

 Specimen No: 1 for (20 mm thickness :) 

Weight of the Specimen before cutting--------890 grams 

Weight of the Specimen after cutting----------753.3 grams 
 

MRR =  
𝑾𝒆𝒊𝒈𝒉𝒕 𝑶𝒇 𝑻𝒉𝒆 𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍 𝑩𝒆𝒇𝒐𝒓𝒆 𝑪𝒖𝒕𝒕𝒊𝒏𝒈 – 𝑾𝒆𝒊𝒈𝒉𝒕 𝑶𝒇 𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍 𝑨𝒇𝒕𝒆𝒓 𝑪𝒖𝒕𝒕𝒊𝒏𝒈 

𝑻𝒊𝒎𝒆 𝒕𝒂𝒌𝒆𝒏  𝑻𝒐 𝒖𝒕𝒕𝒊𝒏𝒈
 

Exp:1, :MRR = 
890−874.9

26
= 0.580 g/min 

Exp:2 :MRR = 
874.9−859.7

26
= 0.584 g/min 

Exp:3 :MRR = 
859.7−844.5

24
= 0.633 g/min 

Exp:4 :MRR = 
844.5−829.4

24
= 0.629 g/min 

Exp:5 :MRR = 
829.4−814.1

23
= 0.665 g/min 

Exp:6 :MRR = 
814.1−798.7

25
= 0.616 g/min 

Exp:7 :MRR = 
798.7−783.6

22
= 0.686 g/min 

Exp:8 :MRR = 
783.6−768.4

20
= 0.760 g/min 

Exp:9 :MRR = 
768.4−753.3

18
= 0.838 g/min 

 

 

Orthogonal Array with Response 

 

Exp 
Voltage 

(volts) 

Ton 

(µs) 

Toff 

(µs) 

MRR 

(g/min) 

1 58 4 7 0.580 

2 58 5 6 0.584 

3 58 6 5 0.633 

4 59 4 6 0.629 

5 59 5 7 0.665 

6 59 6 5 0.616 

7 60 4 5 0.686 

8 60 5 7 0.760 

9 60 6 6 0.838 

 

ANOVA 

General Linear Model: MRR (grm/min versus VOLTAGE 

(VOL, Ton (Micro S, ...  

Factor Type Levels Values 

VOLTAGE 

(VOLTS) 
fixed 3 1, 2, 3 

Ton (Micro 

Seconds) 
fixed 3 1, 2, 3 

Toff (Micro 

Seconds) 
fixed 3 1, 2, 3 

 

Source 
D

F 
Seq SS Adj SS 

Adj  

MS 
F P 

VOLT

AGE 
2 0.043915 

0.04391

5 

0.02195

7 

7.0

5 

0.12

4 

Ton 2 0.006158 
0.00615

8 

0.00307

9 

0.9

9 

0.50

3 

Toff 2 0.001698 
0.00169

8 

0.00084

8 

0.2

7 

0.78

6 

Error 2 0.006230 
0.00623

0 

0.00311

5 
  

Total 8 0.058000     

 

S = 0.0558102   R-Sq = 89.26%   R-Sq(adj) = 57.04% 

 

Mathematical model using multiple regression analysis Fitted 

line flot 

 

 

 
 

     cba
ZYXAMRR ***  

     ZcYbXaAMRR log*log*log)log()log( 
 

VII. CONCLUSION  

The purpose of the experimentation is to identify the factors 

which have strong effects on the machining performance. 

From mean of S/N ratios (Table 5) for MRR, it is found that 

pulse-on time has highest rank ‘1’. Therefore, it has most 

significant effect on MRR. The wire feed has least effect on 

MRR. The order of other influencing parameters for MRR: 

pulse-off time, upper flush, lower flush and wire tension. 

 

Optimum Voltage:  volts when voltage range between 58-

60 

Optimum Ton: 6 microseconds when ton range between 4-

6 

Optimum Toff: 6 microseconds when toff range between 4-

6 

Obtained highest MRR:” 0.838 g/min at voltage-60volts, 

ton-6 microseconds, toff -6 microseconds,”  

Signal –To- Noice Ratio: Larger Is Better 

VOLTAGE (VOLTS)

M
R

R
 
(

g
r

m
/

m
in

)

60.059.559.058.558.0

0.85

0.80

0.75

0.70

0.65

0.60

S 0.0513699

R-Sq 68.2%

R-Sq(adj) 63.6%

Fitted Line Plot

MRR (grm/min) =  - 4.124 + 0.08117 VOLTAGE (VOLTS)

Ton (Micro Seconds)

M
R

R
 (

g
r

m
/

m
in

)

6.05.55.04.54.0

0.85

0.80

0.75

0.70

0.65

0.60

S 0.0860699

R-Sq 10.6%

R-Sq(adj) 0.0%

Fitted Line Plot

MRR (grm/min) =  0.5046 + 0.03200 Ton (Micro Seconds)

Toff (Micro Seconds)

M
R

R
 (

g
rm

/
m

in
)

7.06.56.05.55.0

0.85

0.80

0.75

0.70

0.65

0.60

S 0.0909837

R-Sq 0.1%

R-Sq(adj) 0.0%

Fitted Line Plot

MRR (grm/min) =  0.6466 + 0.00300 Toff (Micro Seconds)
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Current: 2Amps 

 At Above Ranges we get the Optimum Metal Removal Rate 

for High Carbon High Chromium D3- Steel  
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Abstract—One of the major challenges in innovating 

manufacturing process is to make an equipment or system 

affordable and as well as compatible for small industries and 

large scale businesses. Already existing traditional machinery is 

bulky and expensive which small scale industries can neither 

accommodate and nor can afford. Traditional machinery 

requires large capital investment and work force. This 

machineries have some basic flaws like to increase the 

production you either need more machines or skilled work 

force (or both). In this paper, we propose a small but efficient 

pneumatic metal cutting machines that can be automated using 

simple microcontrollers. Our machines uses simple fabrication 

and easily available but good quality parts which makes or 

machinery efficient and easily affordable for small industries or 

home based businesses.  

Keywords—Automated, Pneumatic, Sheet metal cutting 

machine. 

I.INTRODUCTION 

Today is world is more practical and thinks more of cost 

reduction, so the punching process for sheet-metal has to be 

done in economical way of operation, easier implementation 

for mass- production, as well as greater control on the other 

technical parameters. In most of the sheet metal operations 

punching is the main operation in the process sequence. 

Automating this operation results in reduced time and also 

can reduce human effort. Automation is a process in which 

combination of mechanical work, electronic work is carried 

out. Automation systems to operate and control production 

with help of computer and commanding software. The 

reason for automating this process may be to reduce 

manufacturing lead time, to increase labor productivity or to 

improve the worker safe. In these unit high-pressure air is 

used to move piston with required pressure and piston 

consist of punch with modified design to punch sheet metal 

into required shape and size. Thin and flat pieces of sheet 

metal are then obtained. It is one of the fundamental forms 

used in metal working and can be cut and bent into variety 

of different shapes. Sheet metals are available in flat pieces 

or as a coiled strip. Sheet metals has wide range of 

applications in car bodies, airplane wings, medical tables, 

roofs of buildings and many other things. 

PROBLEM STATEMENT 

In traditional pneumatic punching machine all operation 

is controlled manually and due to this the production rate is 

reduced and due to this the accuracy of the product may be 

reduced. In traditional pneumatic punching machine, the lot 

of time is wasted in to change the setting of the machine for 

new pitch distance. To overcome the above problem then the 

solution is to use the CNC Punching machine but the cost of 

the CNC Punching is high and the small-scale industries 

cannot afford the cost of the CNC Machine 

II.LITERATURE REVIEW 

A lot of researchers have worked on pneumatic sys-tems as well 

as on sheet metal experiments. The work done by various authors 

are explained below.Pneumatics was first documented by 

Hero of Alexan-dria in 60 A.D., but the concept had existed 

before then .Vallance and Matlock (1992) studied the friction 

be-havior of zinc-based coated sheet steels and laboratory 

scale friction analysis techniques that involve sheet sliding 

over cylindrical dies.Sanchez et al. (1999) has focused on 

systematic analy-sis of testing equipment as a measurement 

system of the friction phenomenon on sheet metal under plain 

strain. It has also provided experimental reference in order to 

optimize the usage of sheet metal and lubricants. Mutoh et al. 

proposed that the exhaust pressure of the cylinder hold middle 

level is 0.2-0.5 MPa. If the ex-haust flow is used effectively, 

losses can be reduced in pneumatic systems. If the exhaust 

pressure is set near 0.2 MPa, it reduces the losses by 15% of 

total con-sumption . 

 

A. WORKING PRINCIPLE: 

The sheet metal will be fed through feed rollers. The gear 

arrangement on the rollers is meshed with the DC motor, 

which feeds the sheet. The inductive proximity 

switch/sensor will be used, it detects the metal sheet and also 

records the sheet length as the sheet passes over it. After 

detection, these information are sent as a input to the 

microcontroller circuit containing series of relays. The 

microcontroller carries out the computations according to 

the coding done on it.  

 

Fig 1: Flowchart of methodology 
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III.DESIGN OF MACHINE 

In our attempt to design a special purpose machine we 

have adopted a very careful approach, the total design work 

has been divided into two parts mainly; 

 System design 

 Mechanical design          

System  design mainly  concerns  with  the  various  

physical constraints  and  ergonomics,  space  requirements, 

arrangement  of  various  components  on  the  main frame  

of  machine  no  of  controls  position  of  these controls  ease  

of  maintenance  scope  of  further improvement; height of 

m/c from ground etc. 

In Mechanical design the components are categories in 

two parts. 

1. Design parts   

2. Parts to be purchased. 

For  design  parts  detail  design  is  done  and dimensions  

thus  obtained  are  compared  to  next  highest dimension  

which  are  readily  available  in  market  this simplifies the 

assembly as well as post production servicing work. The 

various tolerances on work pieces are specified in the 

manufacturing drawings. The process charts are prepared & 

passed on to the manufacturing stage .The parts are to be 

purchased directly are specified &selected from standard 

catalogues. Methodology can properly refer to the 

theoretical analysis of the methods appropriate to a field of 

study or to the body of methods and principles particular to 

a branch of knowledge. In this chapter, it talks about the 

methods used to gather information in order to finish the 

research. It was involve the process flow of every step in 

archive the objective of this project. There are many methods 

use in this project such as internet references, interviewing 

lecturers and technicians and the most important is group 

discussion. 

IV. Material selection & methodology 

The proper selection of material for the different part of 

a machine is the main objective. In the fabrication of 

machine. For a design engineer it is must that he be familiar 

with the effect, which the manufacturing process and heat 

treatment have on the properties of materials. The Choice of 

material for engineering purposes depends upon the 

following factors: 

1. Availability of the materials. 

2. Suitability of materials for the working condition 

in service. 

3. The cost of materials. 

4. Physical and chemical properties of material. 

5. Mechanical properties of material 

Selection of the material depends upon factor of safety, 

which in turn depends upon the following factors. 

1. Reliabilities of properties 

2. Reliability of applied load 

3. The certainty as to exact mode of failure 

4. The extent of simplifying assumptions 

5. The extent of initial stresses set up during 

manufacturing 

6. The extent loss of life if failure occurs 

Methodology of Design & Analysis: 

A parameter study is done to evaluate the most crucial 

parameters for FE analysis of axial ball bearings. The 

parameters that are evaluated are mesh density, contact 

stiffness, osculation, load level, geometrical nonlinearity and 

material nonlinearity. The studies are performed by means 

of the FE software Ansys.  The accuracy of finite element 

analysis depends on different parameters such as element 

type, boundary condition and how the loads are applied etc. 

Therefore the FE model is nothing else but an approximate 

realization of the reality. The parameter study can be 

Done by physical tests. However it will increase the cost, 

time and resources consumed and therefore FE analysis is 

more suitable choice, at least for parameter evaluation 

Selection of Bearing 

Spindle bearing will be subjected to purely medium radial 

loads; hence we shall use ball bearings for our application. 

 

I S I No. Bearing B 

No.  

d D1 D D2 

20 BC02 6000z 10 10 26 24 

 

P = X F + Y F a 

For our application F a = o 

 P = X F r 

Where F r = 204.5 N 

As; F r < e → X = 1 

 P = F r 

Max radial load = F r = 204.5 N 

 P = 204.5 N 

Calculation dynamic load capacity of bearing  

L = (C) p where p =3 for ball bearings 

When P for ball Bearing 

For m/c used for eight hr of service per day;  

L h = 12000- 20000 hr 

But; L = 60 n L h 

L = 600 mrev 

Now; 600 = (C) 3 

      = (204.5)3 

             C =1724.8 N 

As the required dynamic capacity of bearing is less than the 

rated dynamic capacity of bearing; 

 Bearing is safe. 

A. PART NAME: MAIN SHAFT  

Part weight – 1.5 kg 

Part material – C30 

Part quantity – 1 

Part size – 30 x 16x 320 mm. 

Sr. 

No. 
Operation Machine Tool Time 

1 
Cutting the material 
as per our required 

size. 

Power 

Hacksaw 

Hacksaw 

Blade 
10 min 

2 
Turning both side 

and make dia14mm 
Lathe 

machine 
turning 

tool 
10 min 

3 
Drilling at center 

10mm hole 

Lathe 

machine 

Drilling 

Bit 10mm 
10 
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DESIGN CALCULATIONS 

Press force = cutting force + stripping force  

Sample Calculation for Aluminum Sheet  

Here is a sample calculation to calculate the punching 

force required for different thickness of aluminum sheet.  

• Perimeter, L =31.41 mm. (For D = 10mm)  

• If Sheet thickness, t = 1mm.  

• Maximum tensile strength of aluminum, Tmax = 180 

N/mm2  

• Total cutting force = L x t x Tmax  

= 31.41 × 1 × 180  

= 5654.86 N  

• Stripping force = 15% of the cutting force  

= 848.229 N  

• Press force = Cutting force + Stripping force  

= 5654.86 N + 1350 N  

= 6503 N 

REDUCED PUNCH FORCE CALCULATIONS 

Force required is reduced which can be seen by the 

formula,  

F=Fmax.K.tK.t+1  

Where,  

F= Reduced force after providing shear in Newton (N)  

Fmax= Maximum force required to punch the sheet of 

thickness t in Newton (N)  

K= Percentage Penetration  

t= Thickness of sheet in mm  

I= Amount of shear given to the tool (in terms of t) in mm  

Aluminum Sheet  

1) For I=t/5 & K=0.6 F=0.75Fmax  

2) For I=t/4 & K=0.6 F=0.705Fmax 

3) For I=t/3 & K=0.6 F=0.643Fmax  

4) For I=t/2 & K=0.6 F=0.545Fmax  

5) For I=t/1 & K=0.6 F=0.375Fmax  

We are taking selecting empirical relation as, 

F=0.375Fmax  

Therefore, I = t/1 and K = 0.6 and F= 0.375Fmax  

Therefore, F = 0.375 X 6503 N  

F = 2500 N  

Therefore reduced force after giving shear to the punch is 

2500 N.  

We are selecting the punching force range from 2000N – 

2500N.  

2.2.3 Pneumatic Cylinder Calculations  

• For Double Acting Cylinder  

• For Extension Stroke (Working Stroke)  

• F = P x A  

Where, F = Punching Force  

P = Working Pressure  

A = Area of the cylinder  

Therefore, 2500 = (12 x 10^5) x (π/4 x D^2)  

D = 25mm 

V CONCLUSION 

1. By using modified die and punch we reduced punching 

force. 

2. By automation using micro-controller we reduce the 

time required for setup of pitch distance. 

3. Due to automation we successfully increase accuracy 

and productivity of machine by reducing time required 

to process metal sheet from 1-1.5 min to 10 sec. 

4. By our this project we successfully made a machine 

which is affordable as well as compatible for small scale 

businesses under 10 to 12 thousands. 
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Investigations Subjected to Different Loads 
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Abstract: The weight reduction of the cylindrical panel can have 

a certain role in the general weight reduction of the vehicle and 

is a highly desirable goal. Substituting composite structures for 

conventional metallic structures has many advantages because 

of higher specific stiffness and strength of composite materials.  

The materials used for these analyses are composite materials. 

Static & linear layer analysis to determine the deformation, 

stress of the cylindrical panel, modal analysis to determine the 

natural frequency and deformation for mode shapes. And we are 

using layer stacking method for 3, 5 and 7 layers for analysis of 

steel, E-glass polyester and glass fiber reinforced plastic 

material. 

3D modelled by using the software CREO and analysis done in 

ANSYS software. 

 

Keywords: panel and cylindrical panel, CREO, ANSYS. 

 

1. INTRODUCTION 

CYLINDRICAL PANEL 

The eigen frequencies and eigen modes of a skinny isotropic 

cylindrical panel are calculated. The purpose of the analysis 

is to study the performance of the MITC shell elements mixed 

to factor mass factors (PMASS). 

The panel is supported with four springs connected to the 

corners of the plate. Thus, the panel isn't always completely 

restrained and a shift of one. Zero must be applied with a view 

to be capable of clear up the eigenvalue problem. Curved 

panel model: Mesh includes 10 by 14 Q4 factors or five by 

means of 7 Q8/Q9 factors. 

A Composite fabric (additionally called a composition fabric 

or shortened to composite, that's the commonplace call) is a 

cloth crafted from two or extra constituent substances with 

considerably one of a kind physical or chemical houses that, 

whilst mixed, produce a material with characteristics 

extraordinary from the person components. The man or 

woman components stay separate and wonderful in the 

completed shape. The new material can be desired for lots 

motives: not unusual examples encompass substances which 

might be stronger, lighter, or much less highly-priced whilst 

in comparison to standard substances. More recently, 

researchers have additionally all started to actively include 

sensing, actuation, computation and verbal exchange into 

composites, which might be referred to as Robotic Materials. 

Typical engineered composite substances consist of: 

•mortars, concrete 

•Reinforced plastics, together with fiber-reinforced polymer 

•Metal composites 

•Ceramic composites (composite ceramic and metallic 

matrices) 

Composite substances are typically used for buildings, 

bridges, and structures inclusive of boat hulls, swimming pool 

panels, race vehicle bodies, bathe stalls, bathtubs, storage 

tanks, imitation granite and cultured marble sinks and 

countertops. The maximum advanced examples carry out 

mechanically on spacecraft and aircraft in worrying 

environments. 

1.1 HISTORY 

The earliest guy-made composite materials were straw and 

dust mixed to form bricks for building production. Ancient 

brick-making was documented through Egyptian tomb art 

work. 

Wattle and daub is one of the oldest man-made composite 

substances, at over 6000 years antique.[2] Concrete is also a 

composite cloth, and is used more than any other guy-made 

fabric within the international. As of 2006, about 7.Five 

billion cubic metres of concrete are made every year multiple 

cubic metre for every person on Earth.  

 

II. LITERATURE SURVEY 

Vibration Analysis of Cylindrical Sandwich Aluminum Shell 

with Viscoelastic Damping Treatment 

This paper has implemented the constrained viscoelastic layer 

damping remedies to a cylindrical aluminum shell the usage 

of layer wise displacement theory. The transverse shear, the 

everyday lines, and the curved geometry are precisely taken 

under consideration in the gift layer wise shell version, that 

could depict the zig-zag in-aircraft and out-of-aircraft 

displacements. The damped natural frequencies, modal loss 

factors, and frequency response functions of cylindrical 

viscoelastic aluminum shells are as compared with those of 

the base thick aluminum panel without a viscoelastic layer. 

The thickness and damping ratio of the viscoelastic damping 

layer, the curvature of proposed cylindrical aluminum 

structure, and placement of damping layer of the aluminum 

panel have been investigated using frequency reaction 

characteristic. The provided outcomes show that the 

sandwiched viscoelastic damping layer can efficaciously 

suppress vibration of cylindrical aluminum shape. 

Three-Dimensional Exact Free Vibration Analysis of 

Spherical, Cylindrical, and Flat One-Layered Panels 

The paper proposes a three-dimensional elastic analysis of the 

free vibration hassle of 1-layered round, cylindrical, and flat 

panels. The precise solution is evolved for the differential 

equations of equilibrium written in orthogonal curvilinear 

coordinates for the free vibrations of clearly supported 

systems. These equations consider an genuine geometry for 

shells without simplifications. The important novelty is the 

possibility of a preferred formulation for unique geometries. 

The equations written in popular orthogonal curvilinear 

coordinates permit the analysis of spherical shell panels and 

that they mechanically degenerate into cylindrical shell panel, 

cylindrical closed shell, and plate instances. Results are 

proposed for isotropic and orthotropic systems. An exhaustive 
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evaluate is given of the vibration modes for a number of 

thickness ratios, imposed wave numbers, geometries, 

embedded materials, and angles of orthotropy. These results 

can also be used as reference solutions to validate -

dimensional models for plates and shells in both analytical 

and numerical form (e.G., closed solutions, finite detail 

method, differential quadrature technique, and worldwide 

collocation technique). 

 

2.1 INTRODUCTION TO CAD 

Computer-aided design (CAD) is using laptop structures (or 

workstations) to aid within the advent, change, analysis, or 

optimization of a layout. CAD software is used to increase the 

productiveness of the clothier, improve the great of layout, 

improve communications via documentation, and to create a 

database for production. CAD output is frequently within the 

form of digital documents for print, machining, or other 

manufacturing operations. The term CADD (for Computer 

Aided Design and Drafting) is also used.  

 

2.2 INTRODUCTION TO CREO 

PTC CREO, formerly referred to as Pro/ENGINEER, is 3D 

modeling software used in mechanical engineering, design, 

manufacturing, and in CAD drafting carrier firms. It turned 

into one of the first 3-d CAD modeling programs that used a 

rule-primarily based parametric device. Using parameters, 

dimensions and functions to capture the behavior of the 

product, it is able to optimize the development product in 

addition to the design itself. 

The name become changed in 2010 from Pro/ENGINEER 

Wildfire to CREO. It was introduced through the organization 

who developed it, Parametric Technology Company (PTC), 

all through the release of its suite of design products that 

includes programs which includes assembly modeling, 2D 

orthographic views for technical drawing, finite detail 

analysis and greater. 

3D MODEL  

 
2D MODEL 

 
III. INTRODUCTION TO FEA 

Finite element evaluation is a technique of solving, normally 

approximately, certain problems in engineering and science. 

It is used specially for troubles for which no precise solution, 

expressible in a few mathematical shape, is available. As 

such, it is a numerical in preference to an analytical technique. 

Methods of this type are wanted due to the fact analytical 

strategies cannot cope with the real, complicated troubles 

which can be met with in engineering. For instance, 

engineering electricity of substances or the mathematical 

principle of elasticity may be used to calculate analytically the 

stresses and lines in a bent beam, but neither will be very 

successful in locating out what's going on in a part of a car 

suspension device for the duration of cornering.  

 

IV. INTRODUCTION ANSYS 

ANSYS is well known-reason finite detail evaluation (FEA) 

software bundle.  Finite Element Analysis is a numerical 

method of deconstructing a complicated system into very 

small pieces (of person-exact length) called factors. The 

software implements equations that govern the behavior of 

these factors and solves all of them; creating a comprehensive 

clarification of ways the machine acts as a whole. These 

outcomes then can be offered in tabulated, or graphical forms.  

This kind of analysis is typically used for the layout and 

optimization of a machine some distance too complex to 

analyze by hand.  Systems that may match into this category 

are too complicated due to their geometry, scale, or governing 

equations. 

 

4.1 STATIC ANALYSIS  

Save Creo Model as .iges format 

→→Ansys → Workbench→ Select analysis system → static 

structural → double click  

→→Select geometry → right click → import geometry → 

select browse →open part → ok 

→→ Select mesh on work bench → right click →edit  

Double click on geometry → select MSBR → edit material 

→ 

 
Select mesh on left side part tree → right click → generate 

mesh →  

 
Select static structural right click → insert → select rotational 

velocity  and fixed support → Select displacement → select 

required area → click on apply →  put X,Y,Z component zero 

→  
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Select force → select required area → click on apply → enter 

rotational velocity 

Select solution right click   → solve →   

Solution right click → insert → deformation → total → 

Solution right click → insert → strain  →  equivalent (von-

mises) →   

Solution right click → insert → stress → equivalent (von-

mises) → 

Right click on deformation → evaluate all result  

 

MATERIAL – POLYESTER  

Deformation 

 
Stress 

 
Strain  

 
 

MATERIAL – E-GLASS 

Deformation 

 
 

Stress 

 
Strain 

 
MODAL ANALYSIS 

 

MATERIAL – POLYESTER  

 

 MODE SHAPE 1 

 
MODE SHAPE 2 
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MODE SHAPE 3 

 
 

LINEAR LAYER STATIC ANALYSIS 

FOR 7 LAYERS 

DEFORMATION 

 
STRESS 

 
STRAIN 

 
 

 

V.RESULTS AND DISCUSSIONS 

5.1 STRUCTURAL ANALYSIS 

 
 

5.2 MODAL ANALYSIS RESULTS TABLE 

 

 
 

CONCLUSION 

The materials used for those analyses are composite 

substances. Static & linear layer analysis to decide the 

deformation, stress of the cylindrical panel, modal analysis to 

decide the herbal frequency and deformation for mode shapes. 

And we are the use of layer stacking technique for 3, 5 and 7 

layers for evaluation of metal, E-glass polyester and glass 

fiber strengthened plastic cloth. 

By gazing the static evaluation the deformation, pressure and 

strain values are increases by way of growing the masses. The 

stress values are much less for polyester cloth while we 

compare the E-Glass and glass fiber strengthened plastic 

fabric. 

By gazing the modal analysis the deformation values are 

greater for polyester fabric while we evaluate the E-Glass and 

glass fiber bolstered plastic cloth. 

Through staring at the linear layer analysis the strain values 

are less for 7 layers. 
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Abstract: 

For designing and fabricating personalized, cost-effective and 

bio-degradable orthoses, a finger orthosis was chosen as an 

example to explore a suitable material, personalized design 

method, and fabrication with a fuse-deposition-modeling (FDM) 

open-source 3D printer. Thermoplastic polyurethane 

(TPU)/polylactic acid (PLA) composite filaments were explored 

for 3D printing. The polymer composite compositions were 

TPU/PLA: 0 %/100 % (TP0), 25 %/75 % (TP25), and 50 %/50 

% (TP50) by weight, respectively. The mechanical performance, 

thermal properties, and structure of the TPU/PLA composite 

filaments were assessed by tensile tests, thermal gravimetric 

analysis (TGA), differential scanning calorimetry (DSC), and 

powder X-ray diffraction (XRD) measurements. Compared to 

the neat PLA, the TP25 specimens exhibited almost the same 

tensile strength, but its higher elongation at the break indicates 

that TP25 is more suitable for the material of orthoses. However, 

a further increase of the TPU ratio to 50 % resulted in a sharp 

decrease of the tensile strength. The addition of TPU had little 

effect on the starting thermal decomposition temperature, glass-

transition temperature, and melting temperature of the 

composites. The com- posite filaments can be printed through 

the normal 3D printing procedure. 3D scanning and open-source 

3D printers can be used to complete the design and fabrication 

of personalized orthoses. 

 

Keywords: 3D printing, 3D scanning; orthosis, 

thermoplastic polyurethane, polylactic acid 

 

I.INTRODUCTION 

In the medical field, orthoses are used for many purposes. 

Depending on the patient’s impairment, they might be used as 

braces for the rehabilitation of peripheral nerves’ 

dysfunctions, the improvement of gait performance for people 

with an impaired lower-limb function, or the optimization of 

the support of a limb used in rheumatology, traumatology, or 

other articulations inflammatory processes. 3D printing 

(3DP), also known as additive manufacturing (AM) 

technology, can be defined as a technique for creating three-

dimensional objects in a layer-by-layer manner. Over the past 

few years, 3DP has extended to areas of aerospace, auto- 

motive, architecture, medical, education, and fashion. 

Nowadays, 3DP is spreading in the orthosis field. Given its 

low-cost and continuous materials evolution, its diffusion is 

expected to rapidly increase in the near future.3 

Fused deposition modelling (FDM) is one of the most 

commonly used techniques in 3DP. The expiration of early 

FDM patents has led to the growth of relatively low-cost, 

open-source 3D printers. In essence, an FDM printer consists 

of an engine, gear wheels, an extrusion nozzle, and a building 

plate. The filament with a well- defined and consistent 

diameter is loaded and pushed towards the extrusion nozzle  

(Which is set at an elevated temperature) to be melted and 

deposited onto a building plate. Dictated by the slicing 

software, the extrusion nozzle can be moved in different XY 

directions. Once each individual cross-section of the desired 

object is completed, the building plate can be moved down (Z 

direction) to deposit different layers.4 

Polylactic acid (PLA) filaments are widely used as bio-based 

feedstock for FDM. Although PLA filaments are degradable 

and exhibit outstanding properties, its brittleness restricts their 

suitability for orthosis applications. Preparing PLA 

composites by mixing PLA with an elastomer offers a solution 

for ameliorating the tough- ness of PLA.5 Thermoplastic 

polyurethane (TPU) elastomers are excellent biocompatible 

materials for many applications in the medical field, such as 

blood bags and surgical gloves, catheters, synthetic veins, and 

wound dressings.6 Based on the chemical structure of PLA 

and TPU, it is possible to achieve better compatibility 

between both polymers. PLA is compatible with the soft 

polyester segments of TPU and can form hydrogen bonds with 

the carbonates from hard segments of TPU.7, 83DP’s most 

distinguishing feature is its ability to construct complex 

spatial objects rapidly from a digital model file. The design 

and production of personalized products in the 

pharmaceutical field, such as medicines, oral dosage forms, 

and medical devices, has benefitted from the advantages of 

3DP.9,10 Computer-aided design (CAD) and 3D scanning 

technology are commonly used to generate 3D models. For 

personalized orthoses, 3D scanning technology offers an ideal 

technique for obtaining patient-specific 3D models. 

In this paper, a finger orthosis was chosen as an example to 

explore the design and fabrication of a personalized orthosis. 

The TPU/PLA composite filaments were developed for FDM 

3DP. The properties of the TPU/PLA composite were 

investigated. The feasibility of making personalized orthoses 

using 3D scanning and an open-source 3D printer was 

explored. 

 

II.EXPERIMENTAL PART 

Preparation Of TPU/PLA Polymer Composite Filaments: 

Virgin PLA (4032D) pellets were purchased from Nature 

Works LLC, USA. The density is 1.24 g cm–3 and the melting 

temperature is about 160 °C. TPU (1170A Elastonllan) pellets 

were obtained from the BASF Company, Germany. This is a 

polyether TPU with high toughness and elongation at the 

break, and a density of 1.08 g cm–3.The PLA and TPU pellets 

were initially dehydrated (103 °C) for 4 hours to eliminate the 

moisture. After drying, the TPU and PLA pellets were then 

blended with different ratios of TPU/PLA (0 %/100 %(TP0), 

25 %/75 % (TP25), and 50 %/50 % (TP50) by weight and 

extruded using a single screw extruder (C2 model, Well zoom 
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LLC, Shenzhen, China) for fabricating neat PLA and 

TPU/PLA polymer composite filaments. The extruder has 

separate temperature (maximum 320 °C) controls for the 

mixture and the extrusion parts, which offers a maximum 

extrusion speed of 2 m•min–1. The extruded TPU/PLA 

filament was cut into smaller particles and extruded again for 

three times to obtain a well-mixed TPU/PLA composite 

filament with different TPU blend proportions. During 

fabrication, 1.75 mm filaments were used, the processing 

temperatures were set at 180 °C (extrusion part) and 185 °C 

(mixture part), with a filament yield (extrusion) speed of 1 

m•min–1. 

 

Property Measurements Of TPU/PLA Composite 

Filaments: 
The tensile properties of the specimens were measured 

with a universal testing machine (Changchun Kexin 
instruments Co. Changchun, China). The specimens were 
designed according to ASTM D638. Three replicates were 
printed from each TPU/PLA ratio composite filament for a 
mean value calculation. The typical stress-strain curves and 
elasticity modulus were obtained. Thermal gravimetric 
analyses (TGA) and differential scanning calorimetry (DSC) 
analyses of the specimens were performed in a TA analyzer 
(Q 50, TA Instruments, USA) and DSC analyzer (Q 20, TA 
Instruments, USA). The samples were heated from 25 °C to 
400 °C for the TGA and to 300 °C for the DSC with an 
increase rate of 10 °C min–1 to observe their thermal 
degradation behaviors. Throughout the whole procedure, the 
N2 flow rate was 30 mL•min–1. Powder X-ray diffraction 
(XRD) measurements were recorded using a D/max 220 
analyzer (Rigaku, Japan). The samples were scanned under 
conditions of a voltage of 40 kV, a current of 30 mA, a starting 
angle of 5°, a termination angle of 40°, and a step width of 
0.02°. 

3D Scanning And Printing: 

A Sense 3D Scanner (3D Systems, Inc. USA) was used to scan 

the finger to create a digital finger model of an orthosis. As 

shown in Figure 1a, the lens of the scanner faced and slowly 

rotated around the finger until the digital finger model was 

generated in the computer. Geomagic Studio software 

(developed by Geomagic Company) was used to edit the 

digital finger model, such as deleting misplaced polygons, etc. 

Then the Boolean operation of the 3DS MAX software 

(developed by Autodesk) was used to design the matching 

orthosis model. The finger orthosis model was saved in STL 

(Stereolithographic) format and transferred to the 3D printer. 

 
Figure 1: 3D scanning and printing: a) the finger was scanned 

using a 3D scanner to obtain the digital finger model, b) the 

finger orthosis was printed using an open-source 3D printer 

with FDM technology 

 

 
Figure 2: Filaments and test specimens: a) neat PLA and TPU/PLA 

composite filament, b) specimens for tensile property measurements 

 
Figure 3: Typical tensile stress-strain curves of the TP0, TP25, and TP50 

specimens as well as the fracture morphology of the specimens 

 

The specimens for the tensile properties and the finger 

orthosis were printed with TP0, TP25, and TP50 filaments 

using an open-source 3D printer (605S model, Shenzhen 

Aurora Technology Co, Shenzhen, China). The nozzle 

diameter of the printer was 0.4 mm. The CURA software 

(15.04 version, developed by Ultimaker) was used to set the 

printing parameters. The printing layer height was set to 0.3 

mm, the shell thickness to 1.2 mm, the top and bottom 

thickness to 1.2 mm, the filling density to 10 %, the printing 

speed to 30 mm s–1, the printing temperature to 200 °C, the 

hot-bed temperature to 60 °C, and the wire material flow rate 

to 100 %. The printing process of the finger orthosis is shown 

in Figure 1b. 

 

III.RESULTS AND DISCUSSION 

Filaments and test specimens: 

The neat PLA and TPU/PLA composite filaments were 

manufactured successfully by the extruder with a diameter of 

1.75 mm, as shown in Figure 2a. The TPU/PLA composite 

filaments showed a smooth surface and a uniform diameter. 

Compared to the neat PLA, the transparency of the TPU/PLA 

composite decreased. The printed specimens of neat PLA and 

TPU/PLA composite for the tensile property tests are shown 

in Figure 2b. Through experimentation and observation, the 

TPU/PLA composite filaments were determined to be suitable 

for FDM printing. 

 

Tensile properties: 

In Figure 3, the tensile stress-strain curves show that the TP0 

specimen has almost no plastic deformation after the tensile 

yield point, and the neat PLA part under- goes brittle fracture. 

Nevertheless, the TP25 and TP50 specimens exhibit plastic 

deformation and ductile fracture after the tensile yield point. 

The fracture morphology of the specimens shows that TP0 

suffers breakage without elongation. While the TP25 

specimens can be broken after the plastic deformation, and the 

fibers of the TP50 specimen were stretched with no fracture. 
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The failure characteristics of the specimens revealed that a 

higher TPU content results in a greater tensile toughness. 
Table 1: Tensile properties of the specimens 

Specimens 
Tensile 

modulus(MPa) 
Tensile 

strength(MPa) 
Elongation at 

break(%) 

TP0 666.3 28.8 4.4 

TP25 569.2 28.4 58.5 

TP50 371.4 19.5 >100 

 

Table 1 shows that the tensile modulus of the specimens 

decreases gradually with the increase of the TPU content, and 

while the tensile strength of the TP25 specimens undergoes 

insignificant changes, the elongation at break increases over 

tenfold. However, the tensile modulus and tensile strength of 

the TP50 specimens are greatly reduced and the elongation at 

break is more than 100 %. The alternating hard and soft 

segments of its molecular chain endow the TPU with the 

unique properties of flexibility and elasticity. When blended 

with the brittle PLA, the TPU could contribute to the 

composite’s flexibility. Furthermore, the hydrogen bond 

formed between the PLA and TPU molecules guarantees that 

at an optimized TPU addition ratio, the tensile strength of the 

composite will be no less than that of the neat PLA. The 

elongation determines the maximum deformation of a 

material without breakage, which is especially important from 

a manufacturing standpoint. Therefore, to obtain optimal 

performance, it is necessary to prepare PLA/TPU composites 

with tailored strength, modulus, and elongation.11 

 

DSC analysis: 

As shown in Figure 4 and Table 2, the neat PLA can be 

characterized with a Tg at 57.9 °C, a cold crystallization 

temperature (Tc) around 113.1 °C and a melting temperature 

of (Tm) 153.9 °C. Compared with the neat PLA, the Tg of the 

two TPU/PLA composites slightly decreased, which means 

that the TPU and PLA were partially miscible. The 

compatibility of polymer blends can be assessed by observing 

the shift in the Tg of the phases in comparison with their 

original values.12 The Tc of the polymer composite decreased 

with an increase of the TPU content, indicating that the TPU 

affected the cold crystallization of the PLA. These phenomena 

can be attributed to the added TPU, which acts as a 

crystallization nucleation agent by providing nucleation spots. 

Among the three filaments, both the cold crystallization peak 

and the melting peak decreased with an increase of the TPU 

content.13 The melting temperatures of TP0, TP25, and TP50 

are about 153 °C. Therefore, the printing temperature of TP25 

and TP50 can equal that of the neat PLA. 
Table 2: Thermal properties of neat PLA and TPU/PLA composite 

filaments 

Specimens Tg(°C) Tc(°C) Tm(°C) 

TP0 57.9 113.1 153.9 

TP25 57.5 96.2 153.2 

TP50 57.0 91.1 152.6 

Thermal gravimetric analysis: 

As shown in Figure 5 and Table 3, the addition of TPU has 

little effect on the initial decomposition temperature (Ti) of 

the polymer composite. Compared to the neat PLA, when the 

weight loss was 10 % (T10) of TP25 and TP50, the 

decomposition temperatures decreased less than 5 °C. The 

fast decomposition temperature of the polymer composites 

shifted obviously to lower temperature ranges, and the 

TPU/PLA composites exhibited two fast decomposition 

peaks. The increase of the TPU content had almost no effect 

on the fast decomposition temperature. Compared to the neat 

PLA, the heat stability of the polymer composite was reduced; 

the initial decomposition temperatures of the TPU/PLA 

composites were around 190 °C. The fast decomposition 

temperature range was 270–280 °C, which can fully meet the 

requirements of FDM 3D printing. 

 
Figure 4: DSC curves of neat PLA and TPU/PLA composite filaments 

 
Table 3: Decomposition temperature of the neat PLA and TPU/PLA 

composite filaments 

Specimens Ti(°C) T10(°C) Tf(°C) 

TP0 188.2 250.4 292.6 

TP25 187.9 245.6 273.1,331.3 

TP50 187.7 247.2 272.8,331.1 

 

X-ray diffraction spectra: 

In Figure 6, the XRD peak shape of the TPU/PLA composite 

is similar to that of the neat PLA. The neat PLA showed a 

broad amorphous halo at 2𝜃 = 16.9°, which is the 

characteristic diffraction peak of the PLA crystallization. 

However, compared with the neat PLA, due to the 

contribution of the TPU, the broad halo of the diffraction peak 

2𝜃 = 20.2°. The addition of TPU to PLA has a heterogeneous 

nucleation effect on the crystallization of PLA. After 25 % 

TPU mixing, the peak intensity decreases slightly, and the 

diffraction peak of 2𝜃 increases, indicating that the interplanar 

distance decreases. When 50 % TPU is added, the peak width 

decreases, as a result of the larger grain size. 

 
Figure 5: TGA and DTG curves of the neat PLA and TPU/PLA 

composite filaments 
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Figure 6: XRD spectra of the neat PLA and TPU/PLA composite 

filaments 

Printed orthosis: 

The TP25 has more toughness than the neat PLA, but a similar 

tensile strength and printing temperature with the neat PLA. 

Therefore, it was chosen to print the orthosis. The TP25 

filament can be successively printed through FDM 3D 

printing, and the finger orthosis designed and printed can be a 

good fit, as shown in Figure 7. This indicates that the 

TPU/PLA composite filament is feasible for 3D printing 

orthoses. 

 

IV.CONCLUSIONS 

The TPU/PLA composite filaments were prepared and the 

potential of the composites for an application in orthosis 

fabrication was evaluated. The research demonstrated that the 

TPU/PLA composite filament is compatible with the FDM 

process. Compared with the neat PLA, the addition of TPU 

has little effect on the starting thermal decomposition 

temperature, the glass- transition temperature, and the melting 

temperature. Without sacrificing any tensile strength, the 

composite with 25 % TPU exhibited better toughness than the 

neat PLA and can be printed smoothly, just like the PLA. The 

results revealed that the TPU/PLA composite filament is more 

suitable for the design of orthoses than the neat PLA. 3D 

scanning and open-source 3D printers can be used to complete 

the design and fabrication of per- sonalized orthosis. 

 
Figure 7: a) the finger orthosis model, b) printed finger orthosis and 

c) wearing the finger orthosis 
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Abstract: The main function of a connecting rod is to convert 

linear motion of piston to rotary motion of crank. It is the main 

component of an internal combustion (IC) engine and is the most 

heavily stressed part in the engine. During its operation various 

stresses are acting on connecting rod. The influence of 

compressive stress is more in connecting rod due to gas pressure 

and whipping stress. The objective of this study is to carry out a 

FEA analysis of a connecting rod and obtain its stress 

distribution on application of the force. Geometry of connecting 

rod used for FEA, its generation, simplifications and accuracy is 

done by using CATIA. Mesh generation, the load application, 

particularly the distribution at the contact area, factors that 

decide application of the restraints and validation of the FEA 

model are also discussed. FEM was used to determine structural 

behavior under static load condition (static FEA). 

Keywords: Connecting Rod, Catia, Ansys, FEA 

 

I. INTRODUCTION 

In modern automotive internal combustion engines, the 

connecting rods are most usually made of steel for 

production engines, but can be made of aluminium (for 

lightness and the ability to absorb high impact at the expense 

of durability) or titanium (for a combination of strength and 

lightness at the expense of affordability) for high 

performance engines. They are not rigidly fixed at either end, 

hence the angle between the connecting rod and the piston 

changes as the rod moves up and down and rotates around 

the crankshaft. Connecting rods are manufactured by means 

of forging. Being one of the most integral parts in an engine’s 

design, the connecting rod must be able to withstand 

tremendous loads and transmit a great deal of power. In a 

reciprocating piston engines, connecting rod connects the 

piston to the crank or crankshaft. Together with the crank, 

they form a simple mechanism that converts reciprocating 

motion into rotating motion. As the connecting rod is rigid, 

it may transmit either a push or a pull and so the rod may 

rotate the crank through both halves of a revolution, i.e., 

piston pushing and piston pulling. The small end is attached 

to the piston pin and the big end connects to the bearing 

journal on the crank. Typically, there is a pinhole bored 

through the bearing and the big end of the connecting rod so 

that pressurized lubricating motor oil squirts out onto the 

thrust side of the cylinder wall to lubricate the travel of the 

pistons and piston rings. 

 

II.FINITEELEMENTANALYSIS 

Design 

The connecting rod is designed using CATIA V5 6R 

2014accordingtothespecificationsgivenbelow. 
Parameter Value 

Length of connecting rod 150 

Outer diameter of big end 56 

Inner diameter of big end 48 

Outer diameter of small end 32 

Inner diameter of small end 24 

Table1: Dimensions of Connecting Rod 

Meshing 

The connecting rod model is imported to the 

ANSYS(mechanical APDL 14.5) by converting the Catia 

file into .anf extension file format. The element type selected 

is solid185.After successful import of model material 

property is defined. The materials and their properties used 

and necessary for the analysis is given in table2. 

Material Young’s modulus(GPa) Poisson’s ratio Density(Kg/mm3) 

Steel 200 .303 8050 

Aluminium 69 .334 2700 

Table2:Material Properties 

After defining the element type and material property, 

meshing is done. Meshing is probably the most important 

part in analysis. Meshing means to create a mesh of some 

grid-points called 'nodes'. It's done with a variety of tools & 

options available in the software. The results are calculated 

by solving the relevant governing equations numerically at 

each of the nodes of the mesh. For the design under 

consideration, finite element mesh is generated using 

tetrahedral mesh type taking fine size to 1mm and minimum 

edge length as 0.1mm with 50730 nodes 

 
Fig1: CatiaModelofConnectingRod 

 
Load Analysis 

Compressive Loading: 

Crank End: p = 37.66 MPa Piston pin End: p=69.98MPa 

 

Tensile Loading: 

Crank End: p = 41.5 MPa Piston pin End: p=77.17MPa 

 

Since the analysis is linear and elastic, for static analysis the 

stress, displacement and strain are proportional to the 

magnitude of the load. Therefore, the result obtained from 

FEA is applied to several elastic load carries in a proportional 

manner. 
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Compression at Bigger end 

For the analysis of connecting rod, a compressive force of 

magnitude 37.66MPa is applied on the bigger end, keeping 

the smaller end fixed. 

 
Fig.3: Total Deformation of Steel 

 

 
Fig.4: Total Deformation of Aluminium 

 

 
Fig.5: Von-Mises Stress of Steel 

 

 
Fig.6: VonMises Stress of Aluminium 

Tension at bigger end 

A tensile forceofmagnitude41.15M Pa is applied at the 

bigger end while keeping the smaller end remain fixed. 

 
Fig.7:TotalDeformationofSteel 

 

 
Fig.8: Total Deformation of Aluminium 

 

 
Fig.9: Von-Mises Stress of Steel 

 

 
Fig.10: Von Mises Stress of Aluminium 

Compression in Smaller End 

Acompressiveloadofmagnitude69.98MPaisappliedatthesmal

ler end keeping the bigger end fixed. 

 
Fig.11:Total Deformation of Steel 
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Fig.12:Total Deformation of Aluminium 

 

 
Fig.13: Von-Mises Stress of Steel 

 

 
Fig.14:Von-Mises Stress of Aluminium 

Tension in Smaller End 

A tensile force of 77.17MPa is applied at the smaller end 

while keeping the bigger end remains fixed. 

 
Fig.15:TotalDeformationofSteel 

 

 
Fig.16:Total Deformation of Aluminium 

 

 
Fig.17: Von-Mises Stress of Steel 

 

 
Fig.18:Von Mises Stress of Aluminium 

III.RESULTS AND DISCUSSIONS 

Material: Steel 
Method of 

loading 

Load 

applied(MPa) 

Maximum 

displacement(mm) 

Maximum 

stress(N/mm2) 

Compressive 

at bigger end 
41.15 0.012 2490.87 

Tensile at 

bigger end 
37.66 0.007 1605.51 

Compressive 

at small end 
77.17 0.005 2044.90 

Tensile at 

smaller end 
69.98 0.003 1267.33 

Material: Aluminium 
Method of 

loading 

Load 

applied(MPa) 

Maximum 

displacement(mm) 

Maximum 

stress(N/mm2) 

Compressive 

at bigger end 
41.15 

0.055 3611.37 

Tensile at 

bigger end 
37.66 

0.034 2655.57 

Compressive 
at small end 

77.17 
0.016 1999.21 

Tensile at 
smaller end 

69.98 
0.008 1177.86 

Comparison of von mises stress variation for the two 

materials are as shown below: 

 
Graph 1: Load applied at The Bigger End 
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Graph 2: Load applied at smaller End 

Buckling and bending stresses, non – symmetric shape of 
connecting rod, Flash and bolt holes was eliminated while 
analysis. We could conclude that the influence of 
compressive stress is more in connecting rod due to gas 
pressure and whipping stress as shown. The piston region 
suffers tensile stress due to inertia loads. The more stressed 
part of the rod is being shown using von misses stress plot. 

IV.CONCLUSION 
It was observed that connecting Rod made up of Aluminum 
has higher intensity of stress induced as compared to 
connecting Rod made up of Steel. Also, there is a great 
opportunity to improve the design. Hence steel is a better 
choice for connecting rods. 
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Abstract—With the advent of robotics the researchers are 

thriving to achieve animal like walking creatures for obvious 

advantages but all the walking like robots have their own 

disadvantages, use of multiple actuators and coordination 

between these actuators among these research. Theo Jansen [6] 

proposed a mechanism which has single degree of freedom 

varying a single actuator can produce walking like mechanisms 

without the use of complex coding required in above said 

mechanisms. 

Present study is to analyze the Theo Jansen walking 

mechanism and study its advantages and disadvantages and 

second part of thesis a new mechanism is synthesis using random 

sampling and basic mechanisms, which would be more stable and 

efficient over the existing mechanisms. 

Keywords— Walking Robot, Mechanisms, Kinematic 

analysis, SolidWorks. 

I. INTRODUCTION 

Many animals in nature have adopted legs for various 
environmental conditions. Centipedes, spiders, cockroaches, 
cats, camels, kangaroos, and human are among those, either 
with different number of legs or with different kind of walking. 
It is understandable that people turned their attention to those 
walking animals, after it was recognized that the human 
invented wheeled and tracked systems did not satisfy all the 
needs. In this sense, legged systems have a peculiarity of 
imitating the nature. 

It introduces more flexibility and terrain adaptability at the 
cost of low speed and increased control complexity. In order to 
develop dynamic model and control algorithm of legged robots, 
it is important to have good models describing the kinematic 
behavior of the complex multi-legged robotic mechanism as 
walking machines are  increasingly gaining importance in space 
for planetary exploration, where the terrain is rugged thus 
reducing the expensive and dangerous extra vehicular 
Activities by Astronauts. Walking machines find wide range of 
applications like in military logistic support where there are no 
highways. 

Legged locomotion is a proper solution for movements on 
loose-rough-uneven terrains. This advantage of legged 
locomotion is mostly due to the fact that legged systems use 
isolated footholds. Wheeled and tracked systems follow the 
surface in a continuous manner; therefore their performance is 
limited by the worst parts on the terrain. A legged system, on the 
other hand, can choose the best places for foot placement. These 
footholds are isolated from the remaining parts; hence the 
performance of the legged system is limited by the best footholds. 
Besides using isolated footholds, the legged system can provide 
active suspension, which does not exist in wheeled or tracked 
systems. This means that the system can have control on the force 
distribution through the foothold points. In this way an efficient 
utilization of the footholds provides further improvement of the 
vehicle-ground interaction. A legged system is well adaptive to 
uneven terrains, namely the legs can be arranged (lengthened and 
shortened according to the level changes, and they can jump over 

obstacles or holes. Therefore, the body can be moved in a desired 
orientation. 

The sensible control of swimming [Tan et al.2011], muscle-
driven biped recreation [Geijtenbeek et al.2013], step revelation 
for quadrupeds [Lee et al.2013], or learning bike stunts [Tan et 
al. 2014].Translating virtual walk recreations into this present 
reality is non-insignificant. For people and creatures, many 
muscles need to act as one by means of a focal sensory system 
for steady and productive walks. In a robot, the arrangement of 
actuators as muscles requires numerous sensors and a mind 
boggling controller. In this setting it is hard to manufacture as, 
regardless of whether one could discover physical actuators and 
joints for every single virtual engine, the subsequent cost would 
surpass what is satisfactory for most applications, and 
particularly for the basic automata that we consider: for toy and 
instructive utilize, they have one engine for each appendage, no 
sensors, and no abnormal state controller; yet, they can walk 
effectively once created.  

Strolling Motions Control in Animation and Robotics An 
assortment of cutting edge control techniques have been 
proposed for human physically-mimicked people [Geijtenbeek et 
al.2013; Lee et al 2010] and creatures [Wampler and Popovic 
2009; Coros et al 2011].Such strategies have been connected to 
modern legged robots to produce controllers [Gehring et al 2013], 
or to build the dexterity of headway controllers [Gehring et al 
2014]. Nonetheless, complex control techniques require muddled 
mechanics, sensors, and actuators, and the StarlETH robot is well 
past the intricacy and cost of our objective of automata as toys, 
in their plans are essentially more straightforward in nature, yet 
are as yet ready to perform strolling movements. As such, the 
work is substantially nearer to late work in computational outline 
than to the general field of mechanical technology.  

Computational Design and Fabrication This field lessens 
the trouble of plan and assembling issues by making devices 
which forego or decrease the requirement for master space 
information. For example, late works display specially formed 
articles that can fly [Umetani et al 2014], remain without 
anyone else [Prevost et al.2013],or turn steadily [Bacher et 
al.2014]. A few techniques intend to convey virtual characters 
to this present reality, and it is currently conceivable to make 
3D printable portrayals of virtual characters with joints [Bacher 
et al 2012; Calı et al.2012], to plan mechanical toys fit for 
intriguing (non-strolling) movements [Coros et al.2013; Ceylan 
et al.2013; Thomaszewski et al.2014], or to produce physical 
characters utilizing flexible materials with the end goal that 
their twisting affected by outer powers can be controlled.  

Coros et al. [2013] take note of that regardless of whether 
the movement of a mechanical character at first look takes after 
strolling, this does not imply that the robot would really walk if 
manufactured. In beginning tests, they were not ready to make 
any automata along these lines that were fit for strolling 
steadily, unless we utilized an expansive number of legs (i.e., 
hexapod). This features the requirement for mechanized 
techniques. As far as anyone is concerned, work is first to 
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research the test of planning programmed robot that can walk 
steadily 

II. MODELLING 

A. Conceptual Design of the walking mechanism in CAD  

Solid works is one of the best CAD Solid modeling 
software, Solid works is also known as “DSS Solid works”. 
DSS means the Dassault Systems, the developer of this CAD 
Software. This is CAD Software, which helps to create 2D or 
3D Solid models without any complexity, faster and in the cost 
effective way. The main advantage of the solid works is that 
very easy to use, simple graphics user interface and much more 
friendly, as compared with other CAD Solid modeling 
software’s it contains solid modeling, motion, simulation, 
toolbox, tool analyst, circuit works etc.. 

The Solid Works software enables you to design models 
quickly and precisely based on two methods: Defined by 3D 
design, Based on components 

B. Design intent 

Design intent determines how you want your model to react 
as a result of any changes you need to make to the model. 
Design intent is primarily about planning. Deciding how to 
create the model determines how changes affect the model. The 
closer your design implementation is to your design intent, the 
greater the integrity of the model. Various factors contribute to 
the design process, including current needs. Understand the 
purpose of the model to design it efficiently. Future 
considerations. Anticipate potential requirements to minimize 
redesign efforts when changing the model. 

C. Design Method 

After the conceptualization of the model sketching, 
applying features, and finally assembling is the process of the 
design model development. Fig.1  

 
Fig.1Theo Jansen Mechanism 

III. SIMULATION  

A. FOOT POINT TRAJECTORIES FOR WALKING 

The Path followed by the foot of a walking machine is of 
crucial importance to the machine’s correct functioning. There 
is a relationship between the trajectory provided by the 
mechanism and the overall design and format of the walking 
machine. The general idea of the project is to develop a walking 
mechanism from Jansen’s work which states that the foot 
should follow a triangular path as shown in the figure below. 

 

Fig.2Walking stride 

The foot trajectory shown in Figure is not necessarily the 
optimum trajectory shape. The problem with this specific 
trajectory is the curve between points 2 and 5, the walking 
portion of the cycle. The vehicle body, being connected to the 
foot by a rigid leg, would experience a motion inverse to this 
foot curve. Vehicle occupants would feel the vehicle rising and 
falling. A better foot trajectory would have this portion of the 
curve as near to a horizontal straight line as possible, keeping 
the body horizontal on a horizontal walking surface. Note that 
flatter lower portion in Jansen’s trajectory in the above case. 

The flatness of the walking curve can be determined by 
obtaining a straight line fit to the trajectory points using a least 
squares linear regression. The correlation coefficient of the 
regression is taken as a measure of the flatness. The future work 
can be varied to quantify flatness. 

B. Duty Cycle  

The duty cycle of a leg mechanism is the proportion of the 
total cycle time that the leg is touching the ground, making 
it capable of bearing weight. Mathematically this can be 
expressed as 

1

t

T
DC

T
 ------------------

---- 

 

Equation 19 

 

Where 

 

  DC   = Duty cycle 

  T1        = Loaded time 

  Tt      = Total leg cycle time 

 
 Initial look out into the properties of the Jansen 

mechanism were to see if mechanisms with 75% duty could be 
found, such a mechanism would allow the design of a statically 
balanced quadruped machine layout. Unfortunately, no such 
mechanism was found, using a simple exhaustive search 
algorithm. Later searches all implicitly accept mechanisms with 
a 50% duty cycle. 

C. Mechanism size 

Clearly, the smaller the mechanism the better 
performance. Smaller mechanism will be lighter, have stiffer 
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links and have lower inertial loads. The size of the mechanism 
can be represented by the sum of the length of the links as. 

10

1

l i

i

L l


  

 

----------- Equation 20 

 

Where 

   Ll =  Total link length 

   li  = Length of link i 

IV.  RESULTS AND DISCUSSION 

The part design ,assembly and motion study modules of  
solid works were used to justify the path traced by each point 
of the mechanism  an also compare the proposed mechanism 
with Theo Jansen mechanism. 

 

 

Fig 3: Assembly of Theo Jansen Mechanism in Solid 

Works 

 

Fig 4: Assembly of Proposed Mechanism in Solid Works 

Links of both synthesized and Theo Jansen mechanisms 
were drafted in part design module and were assembled 
according to the constraints and were simulated to generate the 
below discussed results. 

 

 

Fig 5: Path Traced by links of Theo Jansen Mechanism in 

Solid Works 

 

Fig 6: Path Traced by the Proposed Mechanism in Solid 

Works 

From the above figure, we can see that the required path as 
planned is produced by the newly developed mechanism 
compared to the Theo Jansen mechanism the mechanism has 
less number of innings and the more distributed walking path 
the trajectory followed is as produced by the combined effect 
of lambert Lambda mechanism and inverting mechanism 
combined.  

The other features like the displacement acceleration and 
velocity analysis were also done on both the mechanisms and 
the results are displayed as follows. 

 

 

Fig. 7: Plots for acceleration in X and Y direction for 

Proposed mechanism 

 

 

Fig.  8: Plots for velocity in X and Y direction 

for proposed mechanism 

The above plot shows the different velocity and acceleration 
plot traced by the newly development mechanism and when 
compared to the Theo Jansen plots shows that the velocity 
develop in the newly developed mechanism is superior to the 
velocity develop in case of Theo Jansen mechanism. 

The following observation was made after the comparison 
of displacement, velocity and acceleration diagrams in solid 
works as shown in the table 1.  
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 Theo Jansen 

Mechanism 

Proposed 

Mechanism  

Normalized Stride 

Length 
1 1 

Normalized Step 

Height 
0.33 0.2491 

Normalized 

Standard Deviation 

of y position 

0.0070 0.0030 

Normalized Mean x 

velocity 
0.0020 0.01871 

Normalized 

Standard Deviation 

of x velocity 

0.0036 0.0018 

Normalized Crank 

radius 
0.22 0.2682 

Normalized CM Y 

deviation (One leg) 
0.14 0.079 

Normalized CM X 

deviation (One leg) 
0.36 0.071 

Normalized CM Y 

deviation (Leg Pair)  0.064 0.053 

Normalized CM X 

deviation (Leg Pair) 0.31 0.035 

Normalized CM Y 

deviation (three leg 

pairs) 

0.031 0.0041 

Normalized CM Y 

deviation (three leg 

pairs) 

0.018 0.011 

Table 1 Comparison between the Proposed Mechanism 

and the Theo Jansen Mechanism 

V. CONCLUSIONS 

From the above result we can conclude that the newly 

developed mechanism has:  

 Lower center of gravity that is the system is more 

stable than that Theo Jansen mechanism.  

 The new mechanism is simpler in case of number 

of links and joints.  

It has shortened links compared to the other mechanism. 

Require less torque compared to the other mechanism. 

Table 2 gives the comparison of existing mechanism with 

the proposed mechanism. 

 

Theo Jansen 

Mechanism 

Advantages 

Proposed Mechanism 

Advantages 

 

 

 Step height 

33% higher 

 4% faster Stride  

 Pair of legs may 

occur same 

plane 

 Standard deviation 

of stride height is 

50% lower 

 Standard deviation 

of stride x velocity 

is 50% lower 

 Locus is symmetric 

across the y axis 

 85% less CM 

movement during 

locomotion 

Table 2: Summary of comparison 
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Abstract—Al 7075 has potential applications in space, 

aircraft, marine and automobile industries. So, the strength and 

wear resistance of the Al 7075 should be improved. Moreover, 

the strength and wear resistance can be improved by adding of 

various ceramic particles which are known as composites. 

Therefore, in the current research work the reinforcements 

silicon carbide (SiC) ceramic particles with different wt. %( 2, 

4 and 6) are added with the matrix Al7075. Later on, the 

mechanical properties like tensile strength and hardness of the 

fabricated composites are investigated. In addition to, the 

machinability (turning) characteristics of the fabricated 

Al7075-SiC composites are examined. Second order regression 

models are developed using response surface methodology and 

statistical validity of the models is checked by conducting 

ANOVA. 
Keywords—Al 7075 alloy, ANOVA, material removal rate, SiC, 

surface roughness 

I. INTRODUCTION  

Manufacturing of aluminium metal matrix composites 

(AMMCs) with improved mechanical and tribological 

properties has been one of the foremost requirements in the 

area of aircraft, marine and space industries. Aluminium 7075 

alloy reinforced with Silicon Carbide (SiC) is using instead of 

aluminium oxide (Al2O3)-aluminium composites due to their 

elevated creep and wear resistances properties [1]. The 

distinguished properties of Al-SiC composites are less weight, 

high tensile strength, modulus of elasticity, hardness and 

fatigue strength. The impact strength, tensile strength and 

hardness of Al-SiC composites increases with increase in wt. 

% of SiC in composites [2]. Machinability of AMMCs is 

entirely different from single-phase metals or alloys due to 

high abrasive nature of the reinforce element and leads to high 

tool wear [3].Conventional materials are replacing rapidly by 

AMMCs in the industries like automobile and aerospace [4]. 

Amongst other fabrication techniques stir casting is one of the 

best liquid metallurgy techniques which is used to produce the 

metal matrix composites. This process is trouble-free, flexible 

and economical and can be used in mass production of 

composites [5]. Carbon dioxide sand molding process was 

used to produce LM6 alloy-quartz-silicon dioxide metal 

matrix composites and observed that tensile strength 

decreases while  adding of quartz particle to LM6 alloy 

[6].Stir casting rout is used by many researcher to produce 

metal matrix composites (MMCs) [7, 8 and 9]. The tool wear 

and material removal rate (multi-responses) were optimized 

in turning of Al7075 with 15 wt. % SiC micro composites 

using regression models [10]. Moreover, the response surface 

methodology (RSM) was implemented in various 

applications like, for designing the experiments in turning of 

Al-SiC nano-composites [11], for parametric study of 

Al6061/Al2O3/SiC hybrid composites with improved 

hydrophobicity [12], for tuning a machine learning 

algorithm’s hyper parameters [13], to develop the regression 

models in grinding of silicon [14], etc. 

The tensile strength and hardness of the composites varies 

by varying the weight percentage of reinforcement which 

ultimately effects on the machining quality of the composites 

like SR, MRR and tool wear rate (TWR) etc. Therefore, in the 

present research work percentage of reinforcement is also 

considered as one of the machining parameter along with 

feed, cutting speed and depth of cut. Moreover, in this 

research paper a comparative study for the multiple responses, 

i.e. SR and MRR, while turning the Al-SiC composites was 

also discussed.  

II. MATERIALS AND METHODS 

In this work Al 7075 alloy is used as the matrix material 

and silicon carbide (SiC) is used as a reinforcement. The 

chemical composition of Al7075 alloy is shown in Table 1. 

Due to the high strength, high resistance to stress and strain 

and light weight of Al7075 aluminum alloy makes it highly 

useful in aircraft, marine, automobile and space applications. 

TABLE I.  CHEMICAL COMPOSITION OF AL 7075 

 
Response Surface Methodology (RSM): It is a group of 

statistical and mathematical techniques useful for solving the 

problems in which numerous input (independent) factors 

influence a output (dependent) factor or response, and the 

objective is to optimize this output factor [15]. Central 

composite design in RSM is considered in present work with 

18 factorial points, 6 axial points and 3 central points (total 27 

runs) for the experimentation. Moreover, the development of 

regression models to various responses of machining process, 

a quadratic response surface 

has 

been anticipated as:  

(1) 

In (1), q1, q2 and qk are linear terms, q1
2, q2

2 and qk
2are squared 

terms, q1q2, q1q3, … qk-1qkare interaction terms and β is the 

regression coefficient. 

III. FABRICATION AND MECHANICAL PROPERTIES OF  

COMPOSITES   

A. Fabrication of Composites 

Fabrication of Al 7075-SiC composites with varying weight 

percentages of SiC particles (2, 4 and 6) are carried out by stir 

casting setup which is shown in Fig. 1. Moreover, the SiC 

particles surface is oxidized by preheating them at 8000C for 

2 hrs. and Al 7075 alloy slabs are melted in muffle furnace. 

Further, the molten metal is cooled to below the melting point 

temperature and the slurry is maintained at semi-solid state. 
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The preheated SiC particles are added in to the slurry and 

mixed manually. Then the slurry with SiC particles is reheated 

to liquid state and mixing mechanically for 20 min at a mixing 

speed of 350 to 400 rpm. Finally, the temperature of 

composite slurry is controlled around 7500C and after 

continues stirring, and then it is poured into circular moulds 

of 20 mm diameter and cooled to obtain cast rods.  

 
Fig. 1. Stir casting setup 

B. Mechanical Properties of Composites 

The hardness values of the developed composites are 

tested using brinnel hardness testing machine and are given 

in Table 2. The ultimate tensile strength of the composites 

are also tested using universal testing machine (UTM) and 

the values are given in Table 2 and observed that both 

hardness and tensile strength of the Al-SiC composites are 

increased by the addition of SiC ceramic particles.   

TABLE II.  MECHANICAL PROPERTIES OF 

COMPOSITES 

 
IV. EXPERIMENTAL RESULTS AND ANALYSIS 

A. Machining of the Composites 

The strength and hardness of the composites are 

changing with wt% of reinforcement in composites. As the 

hardness increases MRR decreases, in this paper percentage 

of reinforcement (wt%) is also taken as one of the variable 

along with feed,  speed and depth of cut while turning the 

composites. The variables and their levels are considered in 

the present study are shown in Table 3. 

Experiments are conducted on CNC lathe by varying the 

predominant machining parameters such as, cutting speed, 

feed rate, depth of cut and wt% of reinforcement and the 

observations are recorded. Moreover, while conducting the 

experimentation the machining time is kept constant as 25 s. 

The SR is measured with the help of Mitutoyo Talysurf tester. 

The output response MRR is the ratio of weight loss of the 

work piece in machining and the machining time. Therefore, 

the value of MRR is measured using (2) and the experimental 

results are shown in Table 4. 
MRR = (Wbm-Wam)/T  (2) 

where Wbm= Weight of workpiece before machining,Wam= 

Weight of workpiece after machining and T = Time taken for 

machining. 
TABLE III.  PROCESS PARAMETERS AND THEIR LEVELS 

 
TABLE IV.  EXPERIMENTAL RESULTS 

 
B. Regression Models 

A non-linear regression equation correlating dependent 

response with independent variables is obtained through 

response surface.  

Experimental data in the Table 4 is utilized to establish the 

non-linear regression model for response material removal 

rate. Response equation (1) in the coded form of the 

parameters is given as: 

MRR=7.63+0.9179A+0.1126B+0.5818C- 0.2529D-

0.2141AB-0.864AC-0.5451AD+0.4051BC-0.0571BD-

0.1091CD+0.4535A2+0.581B2+0.74C2+0.2235D2       (5) 

Non-linear regression model for surface roughness in coded 

form is also developed by using data in Table 4  is given as: 

SR=2.29+0.1871A+0.1868B+0.2894C+0.0621C+0.0621D

+0.2002AB+0.0915AC-0.15AD+ 0.2211BC+0.0726BD-

0.0436CD-0.3767A2+0.1248B2+0.3548C2 +0.3588D2 

   (6) 

C. Analysis of Variance (ANOVA)  

Once the non-linear regression equations are developed, 

statistical validity of the equations is checked by conducting 
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ANOVA test and by verifying coefficient of correlation of the 

model. Table 5 and 6 show the ANOVA results for MRR and 

SR, respectively. Results of ANOVA show that all the factors 

have significant contribution on the objectives MRR and SR 

with 95% confidence level. Further, coefficient of correlation 

for MRR and SR are found to be equal to 0.99 and 0.96 

respectively. It provides a good relationship between process 

parameters and responses. From Table 5 and 6 it is observed 

that the model is significant and lack of fit is insignificant. 
TABLE V.  ANOVA FOR MRR 

 

TABLE VI.  ANOVA FOR SR 

 

Figures 2 and 3 show the diagnostics of the responses MRR 
and SR, respectively. The normal probability plot indicates 
whether the residuals follow a normal distribution or not. 
Normal probability plot of the residuals for MRR and SR are 
shown in Figs. 2(a) and 3(a) respectively. From the Figs. 2(a) 
and 3(a) it is observed the graph is a straight line. Hence for 
all responses, the residual distribution is normal 

 

 

 

(a) 

 

 

 

 

 

 

 

 

(c) 

Fig. 2. Diagnostics plots of MRR (a) Normal probability curve(b)Residual 
vs. Run and (c) Predicted vs. Actual 
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(b) 

 

 

(c)  

Fig. 3. Diagnostics plots of SR (a) Normal probability curve(b)Residual 

vs. Run and (c) Predicted vs. Actual 

 Figures 2(b) and 3(b) show residual values versus the 

experimental run order for MRR and SR, respectively. This 

checks the lurking parameters that may have influenced the 

response during the experiment and the graph should indicate 

a random scatter. From Figs. 2(b) and 3(b) it is observed the 

residuals are well distributed above and below the mean and 

there is no blocking. This implies that the proposed model is 

adequate. The graph between actual values versus predicted 

values developed by regression equation is shown in Figs. 

2(c) and 3(c).  From the Figures it is revealed that actual and 

predicted values are very near and the error is minimum. So, 

the developed regression models are adequate.    

V. CONCLUSIONS 

In the present work Al7075-SiC composites with 2%, 4% 
and 6% of SiC are fabricated with stir casting equipment and 
machined on a CNC lathe and finally observed the following: 

 Hardness and strength of the fabricated 
composites increases with increase in wt% of 
SiC in composites. 

 Cutting speed and depth of cut are the significant 
variables that effect both on MRR and SR in 
turning of the Al7075-SiC composites. 

 With the addition of SiC ceramic particles to 
aluminium the MRR of the composites decreases 
and SR increases. 

 Regression models for MRR and SR are 
developed and validated by ANOVA results. 
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Abstract—Metal matrix composites are exhibit extremely good 

thermal stability associated with high strength, ductility and 

toughness at higher temperature. These characteristic features 

of MMCs are most desirable for design applications The 

Purpose of this work is to study about the microstructures and 

mechanical properties of as cast tungsten carbide (wc) 

reinforced aluminum matrix composites. Aluminum matrix 

composite of varying WC content (1.5, 3, 4.5 and 6 wt. %) were 

prepared by stir casting process. Microstructures, hardness, 

tensile strength and impact strength are were analyzed for 

prepared composites. The results showed that adding wc 

reinforcements in aluminum (Al) matrix increased hardness, 

tensile strength at 6wt%WC and Decreased Impact strength. 

.Microstructure observation revealed clustering and non-

homogeneous distribution of wc particles in the Al matrix. 

Porosities were observed in microstructures. 

I. INTRODUCTION  

The primary matrix materials are being used in the 

manufacture of MMCs such as aluminum, magnesium, 

copper, titanium and super alloys. The matrix is a continuous 

phase which provides a binding support for the reinforcement 

.MMCs exhibit extremely good thermal stability associated 

with high strength, ductility and toughness at higher 

temperature. These characteristic features of MMCs are most 

desirable for design applications. Rule of mixtures provide 

an approximation of the desired properties of the composites 

such as thermal conductivity, thermal expansion and density 

in certain cases. Mechanical properties such as strength, 

stiffness, toughness, ductility and wear resistance cannot be 

easily predicted. The presence of reinforcements produces 

changes in the microstructure of the matrix and 

corresponding changes in the contribution of the matrix to the 

overall properties of the metal matrix composites 

(MMCs).Most metals and alloys could be used as matrices 

and they requ5ire reinforcement materials which need to be 

stable over a range of temperatures and also non-reactive. 

However, the choices for low temperature applications are 

not many. Only light metals, with their low density prove to 

be advantageous. Aluminum, Titanium and Magnesium are 

the popular matrix metals. The Metal Matrix Composites 

(MMCs) have to offer high strength, and hence they require 

high modulus reinforcements. The strength to weight ratio of 

resulting composites can be higher than most alloys. The 

melting point, physical and mechanical properties of the 

composite at various temperatures determine the service 

temperature of composites. Metal Matrix Composites 

(MMCs) exhibit extremely good thermal stability associated 

with high strength, ductility and toughness at higher 

temperatures. . The primary requirement of a material, for 

such an arduous operation, is to maintain desired strength and 

stiffness without failing and deforming excessively. Metal 

Matrix Composites are preferred engineering materials for 

automobile, aerospace and mineral processing and mining 

industries, for various high performing components that are 

being used for varieties of applications, owing to their high 

elastic modulus, hardness, tensile strength at room and 

elevated temperatures, excellent thermal conductivity, wear 

resistance combined with significant weight savings and 

improved corrosion resistance over conventional alloys [1-

2]. 

The common metals used as matrix materials are 

Aluminum, Magnesium, Titanium, and their alloys. The 

reinforcements are being used in the form of fibers, whiskers 

and particulates. The advantages of particle-reinforced 

composites over others are their formability with cost 

advantage and improved abrasion resistance [3]hence they 

find applications as cylinder blocks, bearings, disk brakes, 

calipers, connecting rods, and space structures  The elastic 

properties of MMCs are strongly influenced by micro 

structural parameters of the reinforcement such as shape, 

size, orientation, distribution and volume fraction [4]. 

AMCs can be manufactured by liquid state 

processing (stir casting, infiltration, squeeze casting etc.), 

semisolid processing and powder metallurgical route. 

Usually nonmetallic and ceramic particles like silicon 

carbide (SiC), Tungstone carbide (wc) alumina (Al2O3), 

boron carbide (B4C), graphite etc. are used as reinforcements 

in AMCs. 

The aim of this study is to observe the effect of WC 

reinforcements in Al matrix composites on micro structural 

aspects, hardness, tensile strength and impact test 

II. EXPERIMENTAL  

A. Materials  

Aluminum 7075 

The material used in the present study is Al 7075 

whose chemical composition is listed in Table 1. It therefore 

has a low melting point 660°C. The molten metal has high 

fluidity and solidifies at constant temperature. It possess 

excellent mechanical properties, such as good corrosion 

resistance, good deformation behaviour, high specific 

modulus, tensile strength, hardness, good wear resistance and 

low coefficient of thermal expansion. 
 

TABLE I: chemical Composition of AL7075 matrix used the present study. 

 
B. Tungustun crabide 

Tungsten carbide (WC) is commonly known as 

carbide. It is an inorganic compound having Tungsten and 

carbon atoms in equal amount Fig. 1 which is colloquially 

called carbide. In its most basic form it is a fine gray power. 

In the present investigation WC of 5 microns size is used as 

reinforcement in preparing the MMCs. The wt% of WC was 

varied from 1.5 to 6 wt% in steps of 1.5 wt%.  Tungsten 
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Carbide (WC) is having very high hardness, density, tensile 

strength and modulus of 1630 Mohr’s scale, 14.9 g/cc, 5000 

MPa and 629 GPa respectively. It is widely used in industrial 

machinery, tools, abrasive and also in high hardness. It is 

basically used in the manufacture of friction pads and liner 

tubes in furnace etc. The Tungsten carbide is approximately 

three times stiffer than steel, and much denser than steel. 

 
Fig. 1: Tungsten carbide (WC) particulates 

C. Preperation of Al7075- WC composits: 

In the present study, stir casting method is used for 

the preparation of metal matrix composite. In this process Al 

7075 bars are cut into small ingots. These ingots are placed 

in Graphite crucible in which it is kept in induction furnace. 

The ingots are melted at a temperature of 8000C, after 

effective degassing predetermined mass of preheated WC of 

1.5wt%, 3wt%, 4.5wt%, 6 wt% at suitable intervals of 

1.5wt% in steps of 4 is added into the alloy and stirred 

continuously in order to achieve uniform distribution of 

particles in the matrix. After the mixing of the reinforcements 

(WC) with the base matrix, the crucible is taken out from the 

furnace and the molten metal is poured into the mould die 

and allowed to solidify. After the solidification, the casted 

specimen is removed from the mould and machined as per 

ASTM standards for testing. 

 
Fig. 2:Stir Casting Set-up used for fabrication of Composite Plates (Al 

7075/WC 

 
 

 
 

Fig. 3: Metal Matrix composite plates (Varying of WC content) 

D. Experimental Testing 

Microstructures of the composites were observed to 

reveal the distribution of WC particles in Al matrix. Samples 

were polished on emery papers of different grades and then 

cloth polished with fine alumina powder on revolving wheel. 

Microstructures were seen in un etched condition using 

optical microscope at 500X magnification. Indenter was 

impressed on material at a load of 5 kg for 10 seconds. To 

avoid the segregation effect of the reinforcements in the 

matrix, four readings were taken for each sample. Vickers 

hardness of the samples was determined using Future Tech - 

FV 800 Vickers hardness testing machine. Samples were 

mounted with Bakelite so that samples could not move when 

the load was applied. A diamond indenter was impressed on 

material at a load of 5 kg for 10 seconds. To avoid the 

segregation effect of the reinforcements in the matrix, four 

readings were taken for each sample. 

 
Fig.4: Dimensions of tensile test specimen 

Tensile test was performed using computerized Instron 

tensile testing machine. The test was conducted using strain 

rate of 2mm/min at room temperatures. As cast Al and 

composite tensile test specimens were prepared using lathe 

machine and shaper machine according to the dimensions as 

shown in Fig. 4. 

 
 Fig. 5: Tensile test samples 
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III. RESULTS AND DISCUSSION 

A. Microstructures 

The properties of composites depend on the microstructure 

and interface characteristics between reinforcements and 

matrix. Fig. 4, Fig 5 and Fig.6 show the optical 

microstructures of 1.5, 3,4.5 and 6 wt. % WC reinforced 

AMCs respectively. From micro structural analysis, 

clustering and non-homogeneous distribution of WC 

particles in Al matrix were observed. This was due to the 

variation of contact time between WC particles and molten 

Al during composites processing, high surface tension and 

poor wetting behavior of WC particles in the liquid Al [6]. 

No homogenization of WC particles in Al matrix can be 

observed in the microstructure of 6 wt. % WC reinforced 

AMC as shown in Fig. 6. Some places in Al matrix can be 

identified without WC reinforcing particles. Porosities were 

observed in all microstructures. This was because when WC 

particles were added in the melt during casting, it introduced 

air in the melt entrapped between the particles. Therefore 

increasing wt. % of WC particles increased entrapped air 

resulted in higher amount of porosity [4]. 

 
Fig. 5: Microstructure of Base Metal Al -7075 

 

 

Fig. 6:.Microstructure of 1.5 wt. % WC reinforced AMC 

 

Fig. 7:  Microstructure of 3wt. % WC reinforced AMC 

 

Fig..8: Microstructure of 4.5. % WC reinforced 

 

Fig. 9:  Microstructure of 6 wt. % WC reinforced 
 

B. Hardness  

The hardness consequences of the Al 7075/WC 

composites are proven in figure.5 .The hardness cost is 

elevated by way of growing the wt% of WC reinforcement 

debris in the composites, as the presence of hard 

reinforcement debris on the floor resists the plastic 

deformation of the material. The energy of the grain obstacles 

increases to most degree and dislocation of atoms is 

decreased by means of increasing the wt% of reinforcement, 

which offers power to the matrix and thereby hardness of the 

composite gets improved. The same phenomenon is 

determined [11] 

 

 
. 

C. Tenstile strength 

The tensile strength outcomes of the Al 7075/WC 

composites are proven in Figure 4.it is observed that final 

tensile Strength is elevated by means of growing the 

percentage of the WC particles inside the composite. that is 

because of higher interfacial bonding among the matrix and 

the reinforcement which transfers and distributes the load 



Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

211 

 

from the matrix to the reinforcement. Therefore the 

reinforcement particle has a tendency to bear the whole load 

that has been acted upon the matrix [10.] 

 

 

D. Impact Test 

The impact strength of the Al 7075/WC   composites 

are shown in Fig 6. It is observed that the toughness is 

decreased by increasing the weight percentage of the WC 

particles in the composite. This is due to the addition of WC 

in various percentages with aluminum, the brittleness of the 

material also increased. Because of high brittleness, the 

impact strength of the material is decreased. 

 

 

IV. C

ONCLUSION 

The Al 7075/WC composites were produced by stir 

cast route with different weight percentage of 

Microstructural Mechanical properties was evaluated. From 

this study, the following conclusions are derived. 

In this Al 7075 with WC Metal matrix composite 

successfully completed. The micro hardness of the 

composites was Enhancing from 83 HV to 121 HV with 

increasing weight percentage of WC particles. The WC 

reinforcement has enhanced the tensile strength of 

Aluminum Matrix Composites (AMCs) from 217 MPa to 298 

MPa.The Wt% Of  WC reinforcement has Increased  the 

impact strength of Aluminum Matrix Composites (AMCs) 

Reduced from 6 J to 2 J. 
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Abstract— Autodesk Recap Pro 3D scanning software to 

transform the physical world into a digital asset. With reality 

capture data you can better understand and verify existing and 

as-built conditions to gain insights and make better decisions. 

Recap Photo, a cloud-based service of Recap Pro, processes 

drone, camera photography to create digital representations of 

current conditions. These representations can be used to create 

3D conception models based on real-world context. 3D printing, 

or additive manufacturing, is the construction of a three-

dimensional object from a CAD model or a digital 3D model. 

The term "3D printing" can refer to a variety of processes in 

which material is deposited, joined and solidified 

under computer control to create a three-dimensional object, 

with material being added together (such as plastics, liquids or 

powder grains being fused together), typically layer by layer. 

The part file should be in. STL format. 

Keywords—component, formatting, style, styling, insert (key 

words) 

I. INTRODUCTION 

A. Autodesk Recap Photo 

Autodesk Recap Photo processes photographs that are 

taken from drones, camera to create 3D representations of 

current conditions of sites, objects, and more. In this process 

we collect the photos with different angles of the same object 

and upload in the software and follow the steps regarding to 

the steps for creation of object. 

B. Photography Tips 

 The following tips will help you take quality photos for 

photogrammetry: 

 If you can, take photos in a location where lighting is 

consistent and doesn't cast shadows. 

 Try to keep your own shadow out of the picture. 

 Make sure that there are no moving objects in the background 

when you take the photos. 

 If the camera that you're using has a high dynamic range 

(HDR) setting, turn the feature off, and try not to adjust the 

exposure of your photographs while you capture images. 

 Take pictures about one meter apart while you circle the 

object. 

 If you can, maintain a perpendicular location relative to the 

object while you take photos. 

 If the object is large, move in a lateral motion from one end 

of the object to the other. Change the height at each pass until 

you've captured all surfaces.   

With the impact of digital technology development and 

the continuous expansion of its application direction, there 

are a lot of applications be employed in the heritage 

protection area. It has become a development direction. This 

article explores the potential of digital technology in heritage 

protection in the context of increasingly sophisticated digital 

methods. The primary goal is to design a digital restoration 

plan for the rooster-shaped statue of Notre Dame damaged in 

the fire [1]. This plan includes steps of data acquisition and 

processing, digital modelling and surface repairing, and 

digital demonstration. In this paper, a large number of 

successful cases from digital project cases and literature 

references in recent years were collected. Similarly there are 

selected potential cases and technical means to analyze their 

reference to the virtual restoration of the target sample 

(Rooster-shaped statue of Notre Dame Cathedral). Through 

the analysis and comparison of digital technology, the virtual 

restoration plan most suitable for the restoration of rooster-

shaped statues is obtained. The plan is not fixed and has 

reference significance for the protection and restoration of 

other statues, buildings, and various cultural heritages [2]. It 

can provide sustainable and promising concrete methods for 

protecting cultural heritage.  A research paper submitted to 

the University of Dublin, in partial fulfilment of the 

requirements for the degree of Master of Science Interactive 

Digital Media. 

II. EXPERIMENTAL WORK 

A. Methodology: Image Processing Using Autodrsk 

Recap Photo 

Open Autodesk Recap Photo. When you first open Autodesk 

Recap Photo, you'll see the dashboard. On the dashboard, you 

can select either Aerial or Object to create a new 3D project. 

This tutorial covers the Object workflow. 

Under Create 3D, select Object. 

 
 Click anywhere on the page that appears, according to the 

prompt, and then add the photos that you want to use to create 

your 3D model. After you've finished importing the photos, 

select Create.     
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 After the 3D model has been processed, it appears in the My 

Cloud Drive section of the dashboard. Select the Download 

this project from the cloud (down arrow) button to download 

your 3D model. 

 
 

 Select a location to save the model, and then select Folder.     

 
 You’ll see a new 3D model that has the name that you 

entered. Select the model to open it in the editor.The saved 

3D model is loaded on the editor page 

 
 

 

B. Edit The 3D Model: 

Several tools are available on the left side and at the 

bottom of the editor page. You can use these tools to clean 

up the 3D model. Experiment with these tools to clean up the 

parts of 3D model that you don't want to keep. This tutorial 

shows how to remove the floor from the model. At the bottom 

of the editor page, select the Lasso/Fence tool. 

 
 Press Enter, and then press Delete. Repeat these 

steps a few times to remove most of the floor. Select 

the Slice tool to remove the rest of the floor. This tool creates 

a slicing plane that can use to cut away geometry below a 

specific point. The following settings are available in 

the Slice dialog box. 

 
Fill: Select this option to close the model, based on the 

boundary of the open area of the model. In some cases, filling 

might not be easy. 

No fill: Select this option to leave the model as an open 

model. 

Transform plane: Select this check box to align the plane so 

that the floor isn't visible. 

 
When the model looks the way that you want it to, 

select Apply. The rest of the floor is removed from your 3D 

model and the mesh on the bottom is filled. 

 

C. Export 3D Model as an STL File 

Before you can use the 3D model in Dynamics 365 Guides 

or Power Apps, it must be in the STL file format. In this step, 
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you'll export the model as an STL file that can then be 

converted to a STL file. 

 On the left side of the editor page, Select the Export button, 

and then select the Export model button to open the export 

settings. 

 
 In the Export model dialog box, in the Exports field, 

select STL as the export file type, when you've finished, 

select Export and Select a location to save your file to, and 

then select Folder. 

 

 
The 3D model is exported to the folder. 

 

III. PRINT OBJECTY ON 3D PRINTER 

A. Introduction to 3Dprinting 

The 3D printing process was devised in the 1980s and 

originally known as ‘rapid prototyping’. It enabled 

companies to develop prototypes quickly and more 

accurately than with other methods. After over 30 years of 

innovation, its uses are far more diverse today. 

Manufacturers, engineers, designers, educators, medics, and 

hobbyists alike use the technology for a huge range of 

applications. 

How does 3D printing work? 

We know in the earlier, the 3D printing process involves 

building up layer upon layer of molten plastic to create an 

object. As each layer sets, the next layer is printed on top and 

the object is built up. To make a 3D print, a digital file is 

needed that tells the 3D printer where to print the material. 

The most common file format to this is the G-code files. This 

file essentially contains ‘coordinates’ to guide the printer’s 

movements, both horizontally and vertically – also known as 

the X, Y, and Z axes. 3D printers can print these layers at 

different thicknesses, known as layer height. A bit like pixels 

on a screen, more layers in a print will give a higher 

‘resolution’. This will give a better-looking result, but take 

longer to print. 

B. Models to Expalin concepts 

As well as designing and making products, 3D printing is 

also a useful tool for visualizing concepts in 3D. Benefit of 

3D printing in education is that students get involved with 

using the technology, developing essential STEAM skills 

such as 3D design, and understanding material properties and 

manufacturing processes. 

C. Material Selection 

ABS provides favorable mechanical properties such as 

impact resistance, toughness, and rigidity when compared 

with other common polymers. A variety of modifications can 

be made to improve impact resistance, toughness, and heat 

resistance. 

D. The characterstics of fillment in 3D printing 

Available in the form of filaments with a diameter of 1.75 

mm or 2.85 mm and in several colors, ABS has interesting 

properties for many industries that want to 3D print 

functional parts or prototypes. Although it is more difficult 

to print than PLA, ABS remains a very popular material for 

3D printing professionals due to its resistance to impact and 

high temperature (between -20°C and 80°C). It is opaque, 

offers smooth and shiny surfaces and can be welded by 

chemical processes using acetone. ABS has a melting 

temperature of around 200°C, it is therefore recommended 

that the extrusion temperature be between 230 and 260°C. 

The use of a heating plate (between 80 and 130°C) is 

mandatory: it is a plastic that shrinks on contact with air, 

causing the part to shrink (or warp) and thus detaching itself 

from the plate. For large parts, it is even advisable to use a 

special adhesive such as Kapton or an adhesive lacquer. 

Finally, a 3D printer with a closed enclosure is preferable 

because ABS plastic emits particles that can be dangerous for 

the user 

E. Preparing Print with Ultimaker Cura 

Interface After you have added the Ultimaker S5 in 

Ultimaker Cura, the main interface will become visible. Here 

is an overview of the user interface (UI): 

 Open the file and select the file. 

 The object will visible on the bed, and make it as 

center to the bed. 

 Now, select the print settings and make the setting 

regarding to the purpose. 

 If there is a need of supporting click the generate 

support options. 

 After the completion of settings now slice the 

object. 

 After the slicing the object save the file, the file 

format is in g-files format. 

 Save the file and move to SD-card and the place the 

SD card in the 3d printer. 

 Load the material in 3d printer, follow in the 

manual. 

 Select the file which you want to print and click on 

conform button. 
 
TABLE I: The following settings made for print 
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Time period for printing=1 hour32 minutes 

Material consumption=4g, 0.64miters 

 
 

 
 

 

IV. CONCLUSION 

It is one of advance technology, we can scan and print any 

complicated structures with in short time and decrease man 

power. 

 At first I captured around 55 images at different 

angles on the Sarvepalli Radhakrishnan statue. 

 Next go the Autodesk Recap photo and select Create 

3D object and upload the photos. 

 The cloud starts creating the object, after the 

completion of object open it. 

 There is an edit tools if any editing is needed can 

follow the tools. 

 Finally export the file in the .STL format for the 3D 

printing. 

 Insert the file in 3d printing software (Cura) and set 

the print settings. 

 Completion of setting slices the file and saves to SD 

card. 

 Select the file in the printer and prints start. 

 Finally the output comes (Sarvepalli 

Radhakrishnan) statue. 
 

FUCTURE SCOPE 

In the future generation the work time must be decrease and 

for any conferences we want to submit prototypes and this 

techniques is useful. We can generate any structures without 

dimensions by using photo processing. This process is used 

for only prototypes or physical structure, we can’t generate 

accurate dimensions of the body. 
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Abstract- A composite material is made from two or more 

constituent materials; having better properties compared to 

both two parent materials. The composite is stronger, lighter, 

and less expensive compared with the traditional materials. In 

current years composites have considerable importance as a 

potential operational material. Low cost, light weights, high 

specific modulus, renewability and biodegradability are the 

most basic and common attractive features of composites that 

make them useful for industrial applications. With low cost, high 

specific mechanical properties natural fiber signifies a worthy 

renewable and biodegradable composite. Among those hemp, 

chopped e glass and its hybrid fibers. The present work has been 

done with an objective to explore the use of hemp fiber, chopped 

e glass fiber and its combinations (hybrid) are used as a 

reinforcement material in epoxy base, final find out the 

mechanical properties like tensile, hardness, impact of hemp 

fiber, chopped e glass fiber its combination (hybrid) composites 

and hybrid with nanoparticles. 

Keywords: Silicon carbide, Copper, Graphite, hemp, chopped e 

glass, tensile test, hardness test, Impact test. 

I. NTRODUCTION 

A "Composite" can be defined as where two 

ormoredifferentmaterialsarephysicallycombinedtogether.Twoc

onstituentmaterialswhicharehavingdifferent mechanical, 

physical and chemical 

propertiesarebondedwillproduceamaterialwithdifferentcharact

eristics from the individual material is called a composite 

material. The two constituents are reinforcement and matrix 

.The reinforcement and matrix are the main load carrying 

elements in a composite material. This matrix can maintain the 

alignment of fiber, shape and from environmental fortify here 

enforcement can improve the strength of the material. The 

properties of composite material are exhaustion life ,electrical 

protection, wear resistance ,warm protection quality, light 

weight, solidness, warm conductivity, fire resistance, 

temperature-subordinate conduct, and warm protection. The 

utilization of composite materials is very long.These composite 

materials are renewable biodegradable. Composite materials 

have good fatigue resistance compared to other metals. Low 

radar visibility and Moulding to complex forms of composites 

are easy compared to other materials. The wide use of 

composite materials in surface transportation is because of their 

huge size. The strength-weight ratio is higher than other 

materials which results in the 

effectiveuseofcompositematerialsinsurfacetransportation.Resil

ience and good productivity are the basic required qualities of 

a good composite material. Composite materials can be 

classified in different ways. Classification based on the 

geometry of are presentative unit of reinforcement is 

convenient since it is the geometry of the reinforcement which 

is responsible for the mechanical properties and high 

performance of the composites.  

II. COMPOSITE SPECIMENS 

The two broad classes of composites are 

(1) Particulate composites 

(2) Fibrous composites. 

A. Fabrication of Composite Specimens:  

Hand lay-up technique is the simple and cheapest method of 

composite processing. The infrastructural need for this 

technique is also minimal. The standard test procedure for 

Mechanical properties of fiber-resin composites; ASTM-

D790M-86 is utilized to according to the measurements. The 

mold is prepared on smooth clear film with 2-way tape to the 

required measurement.. 

B. Maintaining the Integrity of the Specifications 

After fabrication specimens are cut form sheets according to the 

ASME statndards165mm long, 12.5mm in width and 4mm in 

thick are fabricated for tensile testing. 100mm long, 25mm width 

and 4mm in thick are fabricated for flexural testing. 63.5mm 

long, 12.36mm width and 6mm thick are fabricated for impact 

testing. 

                                 III. ALKALI TREATMENT 

 Chopped E fiber and Hemp fibers were soaked in 5 and 5 (wt.)% 

of NaOH solutions at 23°C for 4 h, maintaining a  liquor ratio of 

1:14. The  fibers were washed for several times with distilled 

water to remove any alkali solution sticking on their surface. 

The polymer is uniformly spread with the help of brush. Then 

second layer of fiber is placed on the polymer surface and another 

layer of polymer is applied after this is closed with another thin 

plastic sheet after squeezer is moved with a gentle pressure on the 

thin plastic sheet to remove air. 

The consequential mould is cured for 24 hours at room 

temperature. Cu, Si, Graphite powder is mixed with epoxy 

resign and stirred uniformly half an hour and same process is 

follow to produce Cu, Si, graphite composites. 

IV. MECHANICAL CHARACTERISTICS OF COMPOSITES  

The properties of the hemp & pineapple grass fib reinforced 

epoxy hybrid composites with of fiber under this investigation 

are presented in below Tables &figures respectively. Details of 

processing of these composites and the tests conducted on them.  

The results of various characterization tests are reported here. 

This includes evaluation of tensile strength, flexural strength, 

impact strength. Has been studied and discussed. 

http://www.wordhippo.com/what-is/another-word-for/consequential.html
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Graphs: 

A. Hemp Fiber: The graph shows the hemp fiber composite of 

tensile strength when load is applied in 310N and Elongation is 

0.5mm as shown below graph. 

 
Tensile strength graph of hemp fiber 

B .Chopped E Glass Fiber 

The graph shows the chopped e glass fiber composite materials 

of tensile strength when load is applied in 2640N and Elongation 

is 2.8mm as shown below graph. 

 
Tensile strength graph of chopped e glass fiber 

C. Hybrid Composite Material 

 The graph shows the Hybrid fibre composite material of tensile 

strength when load is applied in 1200N and Elongation is 1.0mm 

as shown below graph. 

 
Tensile strength graph of hybrid composite material 

 

D. Hybridfibre With 10% Cu Composte Material  

   The graph shows the PINE APPLE fiber composite material of 

Flexural strength when load is applied in 280N and Elongation is 

4.6mm as shown below graph. 

 

Tensile strength graph of hybrid composite with 10% CU 

material 

E. Hybrid With 10%Graphite Fiber Composite Material 

The graph shows the hybrid composite material of Flexural 

strength when load is applied in 180N and Elongation is 3.1mm 

as shown below graph. 

 

Tensile strength graph of Hybrid with 10%GRAPHITE 

composite material 

F. Hybrid Fiber With 10% Sic Composite Material 

The graph shows the Hemp composite material of Flexural 

strength when load is applied in 300N and Elongation is 2.8mm 

as shown below graph. 

 

Tensile strength graph of hybrid with 10% SIC composite 

material. 
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Abstract: Vanadium doped Na2O-SiO2-ZrO2 glass system by 

means of optical properties has been carried out as a function of 

the concentration of vanadium ions. These glasses were 

characterized using X-ray diffraction, Optical absorption and 

Photoluminescence spectra. Various physical parameters can be 

calculated like density, refractive index, electronic 

polaraisability etc. Many of these parameters vary non-linearly 

exhibiting a minima or maxima with increasing alkali 

concentration, indicating the mixed alkali effect. From the 

optical  absorption  spectra  of VO(II) ions  in  these  glasses  show  

two  bands  corresponding  to  the  transitions  corresponding to 
2B22Bg and 2B22Eg transitions  in  the  order  of  decreasing  

energy  respectively. The overall measured parameters from the 

structural and/or positron annihilation spectra indicated that 

the majority of the vanadium ions in the range 0–0.5 mole% of 

V2O5are in theV5+ valence state which act as a glass former. The 

majority of the vanadium ions are in the range 0.7–2 mole% of 

V2O5are the V3+ and V4+ states acting as a glass modifier. 

 

I. INTRODUCTION 

 Among the transition metal ions like vanadium, the 

electrical conductivity consists of mixed electronic and ionic, 

pure electronic or pure ionic conduction depending on the 

composition of the glass constituents. It considered as 

effective and useful tool owing to the fact that exists not only 

in different valence states but also in different coordinates 

within the glass network. Further, V2O5 glasses find various 

applications in the development of new tunable solid state 

lasers, luminescent solar energy concentrators and fiber optic 

communication devices. Usually, vanadium ions exhibit four 

common oxidation states i.e. V5+, V4+, V3+ and V2+ [1-3].  

When alkali oxide like sodium is present in the glass network 

it produces non-bridging oxygen atoms and it easily enters 

into the glass network interstitially forming a new 

environment. This leads to the change in the structure of the 

studied glass samples. Hence, the molar volume will decrease 

and the glass transition temperature is lowered due to the 

reduced degree of cross-linkage. 

 When alkali oxide like sodium is present in the glass 

network it produces non-bridging oxygen atoms and it easily 

enters into the glass network interstitially forming a new 

environment. This leads to the change in the structure of the 

studied glass samples. Hence, the molar volume will decrease 

and the glass transition temperature is lowered due to the 

reduced degree of cross-linkage. Due to this, the glasses are 

suitable for fabrication of optical wave guide devices [4-6]. 

The glass forming oxide silica is added to the alkali oxide then 

it changes the glass network leading to the formation of non-

bridging oxygen atoms and having applications in different 

areas [7-9].  

The addition of Zirconium into the sodium silicate glasses is 

expected to increase the electrical resistivity and chemical 

inertness, high alkaline resistance and alkali durability of the 

glasses, in the view of these qualities ZrO2 containing glasses 

find variety of applications such as optical fibers, thermal 

barrier coating, laser mirrors and practically as fibers 

reinforcing cements.  [10-12]. 

The aim of the present study is to examine the structural 

changes that take place due to varied oxidation state of 

vanadium ions in Na2O-SiO2-ZrO2 glass network using XRD, 

Optical Absorption, Photoluminescence Spectra, EPR, FT-IR 

and Raman. These studies have yielded valuable information 

regarding the structural transformations that are taking place 

in these glasses. 

 

II.  EXPERIMENTAL TECHNIQUE 

 The usual way of obtaining a glass is by quenching a 

melt obtained by fusion of one or more substances. When the 

rate of cooling is sufficiently fast to bypass crystallization, the 

disordered state of the liquid is retained in the solid state. All 

the chemicals used for the present work were procured of 

analytical grade with 99.99 % purity. Table 1 presents the 

molar composition of the glasses of present study which were 

prepared by the standard melt quenching technique. About 10 

g of the batch composition was thoroughly crushed in an agate 

mortar and the homogeneous mixture was heated in a silica 

crucible inside an electric furnace. The duration of melt and 

melt temperature is dependent on the glass composition. The 

melting temperature ranges from 1350-1450oC and the 

melting duration is 60 min. The melt is then air quenched by 

pouring it onto a thick polished brass plate and pressed with 

another polished brass plate. The glasses were annealed at a 

temperature slightly less than the glass transition temperature 

(Tg) i.e. at 450oC to remove thermal strains. The samples were 

found to be stable at ambient conditions and were well 

polished before measuring their optical properties.  
 
Table 1: Composition of the studied glasses (batch mol %) 

 
III.  RESULTS 

3.1. Physical Properties 

 To understand the physical properties of these 

glasses, the measured values of density (d) and refractive 

index along with other physical parameters [13-15] such as 

vanadium ion concentration (Ni), mean ionic separation (ri), 

polaron radius (rp), field strength (Fi), electronic 

polaraizability (α), reflection loss, molar refractivity (RM) and 

optical dielectric constant (ε) are evaluated and are presented 

in the Table 2. The variation of density and refractive index 

as a function of glass samples is as shown in Fig 1. The 

variation of molar volume and refractivity as a function of 

glass samples is as shown in Fig 2.  
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Table-2 Various physical properties of Na2O-SiO2-ZrO2: 

V2O5 doped glasses 

 

 
Fig.1 Variation of density and refractive index with glass sample of Na2O-

SiO2-ZrO2: V2O5 doped glasses 

 
Fig.2 Variation of molar volume and refractivity with glass sample of Na2O-

SiO2-ZrO2: V2O5 doped glasses 

3.2. X-ray diffraction spectra 

 X-ray diffraction patterns of several compositions of 

the prepared samples are shown in Fig 3. No peak 

corresponding to V2O5 has completely entered in the glass 

matrix. The overall features of these XRD pattern confirms 

the amorphous nature of the present glasses. 

 
Fig.3 XRD spectra of Na2O-SiO2-ZrO2: V2O5 doped glasses 

 

3.3. Optical absorption spectra 

 The absorption spectra of Na2O-SiO2-ZrO2:V2O5 

glasses are recorded at room temperature in the wavelength 

region 400-1200 nm is as shown in Fig 4. The spectrum of 

undoped glasses does not exhibit any bands. With the 

introduction of V2O5, the spectrum of the glass samples 

exhibited two broad absorption bands at 666 and 1052 nm 

corresponding to 2B22Bg and 2B22Eg transitions of VO2+ 

ions [16]. With gradual increase in the concentration of V2O5 

, the half width and peak height of these bands are observed 

to increase in the glass network as a result they have all 

possible transitions takes place (direct and indirect 

transitions) between valency band and conduction band under 

the influence of external field.  

 
Fig.4 Optical absorption spectra of Na2O-SiO2-ZrO2: V2O5 doped glasses 

 

3.4. Photoluminescence spectra 

 The Photoluminescence spectra of Na2O-SiO2-

ZrO2:V2O5 glasses are recorded at room temperature in the 

wavelength region 400 nm. The spectrum of glass samples 

exhibited a broad emission band in the region 750-850 nm. 

This band is identified due to 2E2T2 transition of vanadyl 

ion [17-18]. Fig 5 shows the luminescence spectra of Na2O-

SiO2-ZrO2:V2O5 glasses. 

 
Fig.5 Luminescence spectra of Na2O-SiO2-ZrO2: V2O5 doped glasses  

 

IV.  DISCUSSIONS 

 Various physical parameters density is found to 

decrease with the addition of V2O5 in all the glasses. 

Basically, when V2O5 enters into the glass network in two 

forms, they act as network modifier at low content in addition 

to high content, then it acts as network forming group. Due to 

this, non bridging oxygen content further increases. Fig 1 

shows the observed parameters density and refractive indexes 

of the glasses varying non- linearly with increasing vanadium 

concentration in x mol%. Fig 2 shows the molar volume and 

refractivity of the glasses also varying non- linearly with 

increasing vanadium concentration.  
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The absorption spectrum of Na2O-SiO2-ZrO2: V2O5 

glasses, exhibited two broad absorption bands at 666 and 1052 

nm corresponding to 2B22Bg and 2B22Eg transitions of 

VO2+ ions.  The VO2+ ion has a single d electron which gives 

rise to the free ion term 2D. In a crystal field of octahedral 

symmetry, this electron occupies the T2g orbital and gives rise 

to ground state term 2T2g. when the electron absorbs energy, it 

excited to the Eg orbital and accordingly in octahedral 

geometry only one band corresponding to the transition 
2T2g→2Eg. Because of the non symmetrical alignment of the 

V=0 bond along the axis, the site symmetry, in general, is 

lowered to tetragonal (C4v) in general of rhombic (C2v) 

symmetry. In C4v symmetry, 2T2g splits into 2B2g and 2Eg, 

where as 2Eg splits into 2B1g, 2A1g.  This yields the energy 

levels of the VO2+ ion in the order: 2B2g (ground state) 

<2Eg<2B1g<2A1g [19-20]. Thus the optical absorption spectrum 

one can expect three bands corresponding to the d-d 

transitions 2B2g2B1g and 2B2g2Eg and 2B2g2A1g. In the 

present glass system exhibit only first two bands is observed 

that indicating the presence of the concentration of VO2+ ions 

in these glasses. 

 The Photoluminescence spectra of Na2O-SiO2-

ZrO2:V2O5 glasses with wavelength correspond to 2B2g2B1g, 

resulted a broad emission band. Since the wavelength of the 

band is maximum of the band 2B2g2E, this is attributed to 
2E2T2 transitions of V4+ ions. The emission band is 

relatively broad. With increase in the concentration of V2O5, 

the intensity of the peak is observed to increase. Hence, the 

increase in the band intensity with increasing the V2O5 

suggests that the increasing presence of vanadyl ions in the 

glass samples.  

 

V. CONCLUSIONS 

 Na2O-SiO2-ZrO2 glasses mixed with different 

concentrations of V2O5 were prepared by using melt 

quenching method. The calculated and measured physical 

parameters of the glasses vary non-linearly with X mol% of 

dopant. The XRD has indicated that the glasses samples 

contain well defined and randomly distributed grains are 

present for the prepared glass samples. From the Optical 

absorption and Photoluminescence  spectra of the glass 

samples indicate that a considerable proportion of vanadium 

ions do exist in V4+ state in addition of V5+ state with the 

increasing the dopant of V2O5.  
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Abstract: Air conditioning deals with conditioning of air for 

maintaining specific conditions of temperature, relative 

humidity and air movement inside an enclosed space. The 

working performance and efficiency of the air conditioner 

mainly depends on the location inside the room where it was 

installed. If the air conditioner was installed correctly, it will 

perform efficiently and economically. Proper distribution of air 

in a ventilated room is important in order to achieve 

satisfactory temperature and air velocity. The inlet location and 

the conditions of air at the inlet can affect the airflow pattern 

significantly. Experimentally determining the efficient location 

for air conditioner is very difficult and tedious. The technique 

of Computational Fluid Dynamics (CFD) with the help of 

computers is used for solving fluid problems and spans a wide 

range of non - industrial and industrial application areas. This 

technique was applied for the present analysis. In room air 

conditioning, temperature of the air in human comfort region 

is the main parameter. This parameter depends on the input 

parameters such as inlet temperature of the air, wall 

temperature and velocity of the inlet air. In the above analysis, 

the efficient location of air conditioner for good performance 

was found out to be 2.1 m above the floor. Keeping the inlet 

location at this efficient location, simulation was carried out 

with in the range of input parameters.  

I. INTRODUCTION 

 Human beings feel comfort and work efficiently with 

in a restricted set of physical conditions of temperature, 

humidity, draught and fresh air requirements. Fresh air is 

generally required to dilute the pollution levels and CO2 

levels. Lack of environmental control in buildings may affect 

the health of human beings apart from reduction in efficiency 

and comfort level. In excessively hot climates. It is necessary 

to reduce temperature and humidity of supply air and in 

excessively cold climates it is necessary to increase them. 

Energy efficient buildings with good thermal insulation 

require low volume flow rates of supply air. This may lead to 

non-uniform velocity and temperature distribution apart from 

stagnation zones and accumulation of pollutants and odour 

due to poor recirculation. Architects and air conditioning 

engineers have to consider all these facts apart from providing 

better ambience and aesthetics. The velocity and temperature 

distribution in the room plays a vital role from this point of 

view. The need of precise determination of air flow pattern 

and temperature distribution in room was realized first by air- 

conditioning engineers so as to provide comfort throughout 

the occupied zone. The cooling load of an office air condition 

have increase significantly because of an increase in various 

types of heat sources such as electric machinery. In particular, 

the increased no. of personal computers, engineering work 

stations, main frames etc., generates a large amount of heat, 

cause serious air conducting problems. In room air 

conditioning, temperature of the air in human comfort region 

is the main parameter. This parameter depends on the input 

parameters such as inlet temperature of the air, wall 

temperature and velocity of the inlet air. In the above analysis, 

an attempt was made to find the efficient location of the air 

conditioner. Considering this model as basis, simulation is 

done within the range of input parameters.  

II. LITERATURE SURVEY 

In 1963, a new long-range study on human comfort was 

initiated by the American society of heating, refrigerating, and 

air-conditioning engineers (ASHRAE) [1], which was 

conducted by the institute for environmental Research at 

Kansas State University under contract to ASHRAE. On the 

basis of results obtained from that research, a New Effective 

Temperature scale has been developed. Its comfort Envelope 

(ABCD) is depicted in Fig. 2.8, which is adapted from data 

provided in ASHRAE standard 55-74, thermal environment 

conditions for Human Occupancy, published in 1974, and 

from ASHRAE handbook, 1977 Fundamentals [1]. It is 

evident that the comfort envelope has on its lower boundary a 

line that approximates the 20% RH line. Along this boundary, 

the “comfort” condition lies between about 72 0F DBT. The 

upper boundary of the comfort envelope straddles the 65 

percent RH line, and here “comfort” exists between about 70 

0F DBT and 77 0F DBT. 

Mr. Kwok [2] examined the comfort criteria of ASHRAE 

standard 55-1992 for their applicability in typical classrooms. 

A file study conducted in Hawaii used a variety of methods to 

collect the data; survey questionnaires, physical 

measurements, interviews and behavioral observations. A 

total of 3,544 students and teachers completed questionnaires 

in 29 naturally ventilated air-conditioned classrooms in six 

schools during two seasons. The majority of classrooms failed 

to meet the physical specification of the standard 55 comfort 

zone. Thermal neutrality, preference and acceptability votes 

by occupants of both naturally ventilated and air- conditioned 

classrooms exceeded the standard’s 805 acceptability criteria, 

regardless of whether physical conditions were in or out of the 

comfort zone. Responses from these two school populations 

suggested not only a basis for separate comfort standard but 

also energy conservation opportunities through raising 

thermostat set points. 

The National Appliance Energy Conservation act 

(NAECA) of 1987 established minimum energy-efficiency 

standards for room air-conditioners, which became effective 

on January 1, 1990 [3]. The 1990 minimum energy-efficiency 

ratios (EER) range from 8.0 to 9.0 (Btu/h)/W (2.34 to 2.64 

W/W). As required by NAECA, the department of energy 

(DOE) must also consider amending the room air conditioner 

standards and affected it in 1990. As a result, the DOE issued 

a notice of proposed rulemaking (NOPR) in March 1994 

proposing new energy-efficiency standards for several 
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products including room air standards that were proposed. A 

reanalysis was conducted incorporating the comments, 

resulting in revised estimates of the cost and increased 

efficiency for more efficiency room air conditioner designs. 

This paper describes the cost-efficiency standards that were 

proposed for room air conditioners in March 1994. the 

analysis shows that for the most popular classes of room air 

conditioners (classes without reverse cycle, with lowered 

sides, and with capacities ranging from less than 6000 to 

20,000 Btu/Hr) EER of approximately 10 Btu/Hr/Watt (2.93 

W/W) can be achieved by incorporating commonly used 

technologies, such as high frequency rotary compressors, 

grooved refrigerant tubing, sub coolers and permanent split 

capacitor fan motors. Even grater increase in efficiency can 

realized with brushless permanent magnet fan motors, 

enlarged heat exchanger coils and variable speed 

compressors.  

III. CFD ANALYSIS OF AIR DISTRIBUTION INSIDE A 

ROOM 

3.1 Introduction: Proper distribution of air in a ventilated 

room is important in order to achieve satisfactory temperature 

and air quality. A uniform cooling and freshness of the room 

are difficult to obtain in residential or office cooling rooms 

because of uneven distribution of airflow. The airflow 

distribution depends on the cooling medium, the geometry 

and characteristics of the cooling room. The velocity 

distribution of air can be determined based on the mass and 

momentum conservation equations. An analytical solution 

can be found only in simple cases. The variables can be 

examined experimentally, but is tedious, costly, time-

consuming method and furthermore, it is only applicable to 

existing rooms. It can, hence, not be used to optimize the 

storage room in an early phase of the design. With the 

increasing availability and power of computers together with 

efficient solution algorithms and processing facilities, the 

governing fluid flow equations can be solved numerically. 

The technique of computational fluid dynamics (CFD), which 

uses computers for solving fluid problems is very powerful 

and spans a wide range of non-industrial and industrial 

application areas. Several user-friendly software packages 

such as PHOENICS, CFX, STAR-CD AND 

FLUENT/FIDAP are available. Numerical analysis of air 

temperature and velocity distribution for a 4m x 4m x 3m 

room fitted with split air conditioner was carried out. The 

main aim was to find the ventilation efficiency of air 

conditioner for various inlet locations (top, middle and 

bottom) by keeping wall temperature 400 C, cold inlet 

temperature 150C and air inlet velocity of 2.07 m/s. Air flow 

inside a room was investigated using computational fluid 

dynamics.  

3.2 Problem Statement and Assumptions: The exact problem 

under investigation and formulation of the model for CFD 

analysis are presented below. The split air conditioners 

available in the market are at 1.0, 1.5 and 2.0 Ton capacities. 

The size of split air conditioner available in the market was 

surveyed. It was found to be almost 80 cm x 16 cm x 36 cm 

in size. Those air conditioners have 80 cm x 12 cm area for 

inlet into the room and 80 cm x 12 cm area for air outlet from 

the room. In those air conditioners, air enters the room at 300 

with horizontal which makes the air flow and the temperature 

distribution patterns totally different from the other cases. The 

physical layout of the room under investigation is shown in 

Fig.3.1.a In the figure, the faces F1, F2, F3 and F4 represents 

the wall of the room, F6 represents the ceiling of the room and 

F5 represents the floor of the room. Along the walls and floor 

air velocities are zero. Heat entering into the room is modeled 

by specifying constant wall temperatures. The cold air enters 

into the room at a specified velocity (V) and specified 

temperature (IT) through inlet and the hot air exits from the 

room through the outlet that is above the inlet as shown in 

Fig.3.1.b Normally there will be a blower to suck the air from 

room and pass it over the evaporator coils and then to force 

the cold air into the room.  

 
Fig. 3.1: Physical Layout of the Room 

3.3 Pre Processing: Preprocessing consists of input of a flow 

problem to a CFD program by means of an operator friendly 

interface and the subsequent transformation of this input into 

a suitable form which can be solved by solver module. 

 3.4 Material Properties: 

Air properties: Density (ρ) =   1.25 kg/m3  

Viscosity (μ) =   1.7894e-05 kg/m-s 

Thermal conductivity (k) =   0.0242 W/m- K 

Specific heat (Cp) =    1006.43 j/kg- K 

Molecular weight (M) =   28 kg/kg-mol 

Wall properties: Density (ρ) =     2719 kg/m3 

Thermal conductivity (k) = 202.4 w/m- oK 

Specific heat (Cp) =   871 j/kg- oK 

3.5 Operating conditions: 

Operating pressure =   101325 Pascal 

Operating Temperature =   288.16 0K    

Gravity = 9.81 m/s2 

a. Boundary conditions: 

The condition of air, which enters the room through the 

evaporator, is: 

Velocity = 2.07 m/s 

Temperature = 288 0K 

The air leaving the room is taken as: 

Pressure outlet = 1 atm 

Temperature = 298 0K 

The temperature of walls and roof of the room is 303 0K 

Floor temperature = 303 0K 

 

IV. RESULTS AND DISCUSSIONS 

The temperature and velocity distribution inside the room 

obtained for various locations from the CFD model (bottom, 

middle, and top) are shown in   Fig. 4.1-4.3.As the air enters 

through the inlet, it mixes with room air and carries it in its 

stream. The air coming through the inlet is termed as primary 

air and the room air that mixes with it is called secondary air 

or induced air.The temperature of air is lowest at the inlet and 

as the air travels, while the velocity is reducing; its temperature 

is gradually increasing since the secondary room air is mixed 

with the primary stream. During this process the air is 
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absorbing the heat from the space to be cooled. The human 

breathing region stays in a region of 1 m to 1.8 m height. 

People feel comfortable when the air velocity and temperature 

inside the human breathing region are within limits. The 

recommended velocities in this region are 0.1 m/s to 0.2 m/s 

(25 fpm to 50 fpm) for an office rooms and residences. People 

complaint below 0.2 m/s velocity is stagnant and above 0.3 m/s 

velocity is uncomfortable. The temperature and velocity 

distribution inside the room obtained from the air conditioner, 

which is fitted at the bottom of the room, are shown in Fig. 4.1 

a and b. The Fig. 4.1 c and d indicates the velocity and 

temperature distribution graphs in Human comfort region 

respectively. Here the velocities of air in human breathing are 

in some regions above 0.3m/s and in some regions less than 0.1 

m/s. this shows that the velocities in this region are not in 

uniform and temperature distribution also not in uniform 

 
Fig. 4.1a Velocity Distribution inside the room for air 

conditioner fitted at the Bottom of the Room 

 
Fig. 4.1b Temperature Distribution inside the room for air 

conditioner fitted at the Bottom of the room 

. 

 
Fig. 4.1c Velocity Distribution Graph in Human Breathing 

Region for the Air-Conditioner Fitted at the Bottom of the Room. 

 

Fig. 4.1d Temperature Distribution Graph in Human Breathing 

Region for the Air-Conditioner Fitted at the Bottom of the Room. 

 

The temperature and velocity distribution inside the room 

obtained from air conditioner, which is fitted at the middle of 

the room, are shown in Fig. 4.2 a and b. The Fig. 4.2 c and d 

indicates the velocity and temperature distribution graphs in 

Human comfort region respectively. The figure shows that the 

velocity in first half of the distance is nearer to 0.3 m/s and in 

second half of the distance is 0.1 m/s. the temperature in this 

is varying from 299 0K to 301 0K. 

 
Fig. 4.2a Velocity Distribution inside the room for air 

conditioner fitted at the Middle of the Room 

 
Fig. 4.2b Temperature Distribution inside the room for air 

conditioner fitted at the Middle of the Room 

 
Fig. 4.2c Velocity Distribution Graph in Human Breathing Region 

for the Air-Conditioner Fitted at the Middle of the Room. 
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Fig. 4.2d Temperature Distribution Graph in Human Breathing 

Region for the Air-Conditioner Fitted at the Middle of the Room 

 

The temperature and velocity distribution inside the room 

obtained from air conditioner, which is fitted top of the room, 

are shown in Fig. 4.3 a and b.Fig. 4.3 c and d indicates the 

velocity and temperature distribution graphs in Human 

comfort region. Here, the velocity versus position of the room 

graph shows the velocities of air in human breathing region 

are in between 0.2 m/s to 0.1 m/s which is showing uniform 

air distribution and pleasant for the occupants. The 

temperature in this region gives by our air-conditioner shows 

that 300 0K, which is better than the other arrangements.  

In these three locations, the results reveal that fitting the air 

conditioner at the top of the room is better than middle and 

bottom arrangements of the room. 

 
Fig: 4.3a Velocity Distribution inside the room for air 

conditioner fitted at the Top of the Room. 

 
Fig. 4.3b Temperature Distribution inside the room for air 

conditioner fitted at the Top of the Room 

 
Fig. 4.3c Velocity Distribution Graph in Human Breathing 

Region for the Air-Conditioner Fitted at the Top of the Room. 

 
Fig. 4.3d Temperature Distribution Graph in Human Breathing 

Region for the Air-Conditioner Fitted at the Top of the Room. 

 

V. CONCLUSIONS 

 In recent years Split Air Conditioner have become 

very popular due to various advantages such as it occupancy 

less space; low maintenance cost; remote condenser etc. The 

1.5 TR capacity air conditioner exactly suits for many 

applications such as Residential Rooms, Offices and 

Laboratories. 

 

 The working performance and efficiency of the split 

air conditioner is not only depends on the sound design but, 

also location inside the room where it was installed. 

Experimentally it is very difficult and also tedious to find the 

efficient location for it. In this thesis, a rigorous simulation 

was done using FLUNET       package to determine the 

efficient location of the Split Air Conditioner in a 4m x 4m 

x3m room. The analysis was done for three different locations 

(top, middle and bottom) and it was found that fitting this air 

conditioner at a height of 2.1m from the floor gave better 

performance.  
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Abstract -There are various types of conventional braking system 

such as Mechanical brakes (Drum brake, Disc brake), Hydraulic 

brake etc. Most of Braking system run on the principle of friction 

and that release of kinetic energy to the heat energy. These 

braking systems produce higher amount of friction which 

produce heat wear and tear of braking parts. The frictionless 

magnetic braking system is proposed using eddy current 

phenomenon. This phenomenon is governed by faraday law of 

electromagnetic induction and lenz law. Eddy current is created 

by relative motion between the magnet and metal conductor. The 

current induce magnetic field in conductor which oppose the 

actual magnetic field of magnet and result in deceleration of 

motion. 

Key Words:  Braking System 1, Kinetic Energy , Heat Energy, 

Eddy Current, Metal Conductor. 

 
I. INTRODUCTION 

An Electromagnetic Braking system uses Magnetic force to 

engage the brake, but the power required for braking is 

transmitted manually. The disc is connected to a shaft and the 

electromagnet is mounted on the frame. When electricity is 

applied to the coil a magnetic field is developed across the 

armature because of the current flowing across the coil and 

causes armature to get attracted towards the coil. As a result 

it develops a torque and eventually the vehicle comes to rest. 

In this project the advantage of using the electromagnetic 

braking system in automobile is studied. These brakes can be 

incorporated in heavy vehicles as an auxiliary brake. The 

electromagnetic brakes can be used in commercial vehicles by 

controlling the current supplied to produce the magnetic flux. 

Making some improvements in the brakes it can be used in 

automobiles in future. 

 

1.1 PROBLEM STATEMENT 

A brake is a device which inhibits motion. Its opposite 

component is a clutch. Most commonly brakes use friction to 

convert kinetic energy into heat, though other methods of 

energy conversion may be employed. For example 

regenerative braking converts much of the energy to electrical 

energy, which may be stored for later use. 

 

1.2 PROJECT OBJECTIVE 

Electromagnetic brakes operate electrically, but 

transmit torque mechanically. This is why they used to be 

referred to as electro-mechanical brakes. Over the years, EM 

brakes became known as electromagnetic, referring to their 

actuation method. The variety of applications and brake 

designs has increased dramatically, but the basic operation 

remains the same. All the devices such as AC Motor, 

Electromagnet, Inducting motor, Electronic piston, spring, 

Brake shoes. 

 

II. INTRODUCTION OF ELECTRO MAGNETIC 

BRAKES 

Electromagnetic brakes operate electrically, but 

transmit torque mechanically. This is why they used to be 

referred to as electro-mechanical brakes. Over the years, EM 

brakes became known as electromagnetic, referring to their 

actuation method. The variety of applications and brake 

designs has increased dramatically, but the basic operation 

remains the same. Single face electromagnetic brakes make 

up approximately 80% of all of the power applied brake 

applications. 

III. ELECTROMAGNETISM 

Electromagnetism is one of the four fundamental 

interactions in nature. The other three are the strong 

interaction, the weak interaction and Gravitation. 

Electromagnetism is the force that causes the interaction 

between electrically charged particles; the areas in which this 

happens are called electromagnetic fields. 

 
                  Figure: Magnetic Field Lines 

IV. TYPES OF ELECTROMAGNETIC BRAKES 

4.1ELECTROMAGNETIC POWER OFF BRAKE 

Power off brakes stop or hold a load when electrical 

power is either accidentally lost or intentionally disconnected. 

In the past, some companies have referred to these as "fail 

safe" brakes. These brakes are typically used on or near an 

electric motor. Typical applications include robotics, holding 

brakes for Z axis ball screws and servo motor brakes. Brakes 

are available in multiple voltages and can have either standard 

backlash or zero backlash hubs. Multiple disks can also be 

used to increase brake torque, without increasing brake 

diameter. There are 2 main types of holding brakes. The first 

is spring applied brakes. The second is permanent magnet 

brakes. 

 
 

4.2 ELECTROMAGNETIC PARTICLE BRAKE 
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Magnetic particle brakes are unique in their design 

from other electromechanical brakes because of the wide 

operating torque range available. Like an electromechanical 

brake, torque to voltage is almost linear; However, in a 

magnetic particle brake, torque can be controlled very 

accurately (within the operating RPM range of the unit). This 

makes these units ideally suited for tension control 

applications, such as wire winding, foil, film, and tape tension 

control. Because of their fast response, they can also be used 

in high cycle applications, such as magnetic card readers, 

sorting machines and labeling equipment. 

 
4.3ELECTROMAGNETIC HYSTERESIS POWER BRAKE 

      Electrical hysteresis units have an extremely wide torque 

range. Since these units can be controlled remotely, they are 

ideal for test stand applications where varying torque is 

required. Since drag torque is minimal, these units offer the 

widest available torque range of any of the hysteresis 

products. Most applications involving powered hysteresis 

units are in test stand requirements.  

 
4.4 MULTIPLE DISK BRAKES 

Multiple disk brakes are used to deliver extremely 

high torque within a small space. These brakes can be used 

either wet or dry, which makes them ideal to run in multi 

speed gear box applications, machine tool applications, or in 

off road equipment. 

 
V. DESIGN CALCULATIONS 

Centre distance between the pulleys= 24 Cm 

Diameter of the driving pulley = 0.085 m=d 

Diameter of the driven pulley = 0.05 m=D 

Speed of the driving pulley = 1800 rpm=N1 

Material of the belt = fabric 

Material of the pulley = plastic 

A. Determination of speed of the driven pulley 

n1d=n2D 

 𝑖 =
𝑛1

𝑛2
=

𝐷

𝑑
 

 𝑁2 =
𝐷

𝑑
∗ 𝑁1 

 𝑁2 =
.085

.05
∗ 1800 

       = 3060 rpm 

B. Checking for centre distance: 

“The Centre distance between the two pulleys must be greater 

than the average value of the diameters of both the pulleys.” 

 

C. Arc of Contact: 

 

D. Length of the Belt: 

 

E. Actual Length of the Belt: 

= L – [1% of L] 

= .6933 – [.01*.6933] =.6240 m. 

 

VI. APPLICATIONS 

1. This brake system used in two wheeler. 

2. Electromagnetic breaking system can be used as a modern 

technology of braking in automobile. 

3. Electromagnetic breaking system used in all types of light 

motor like car and heavy motor vehicle. 

 

 

 

 

VII. ADVANTAGES 

1. In electromagnetic breaking system maintenance is less. 
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2. Electromagnetic breaking system work is done fast, 

because of electronic component. 

3. Flowing of current is very fast. 

4. Very less effort is required to apply the break. 

5. It is reasonable as compare to other brakes. 

6. The electromagnetic brakes have excellent heat dissipation 

efficiency owing to the high temperature of the surface of the 

disc which is being cooled. 

7. Electromagnetic brake systems will reduce maintenance 

cost 

8. The problem of brake fluid vaporization and freezing is 

eliminated 

VIII. DISADVANTAGES 

1. Dependence on battery power to energize the brake 

system drains down the battery much faster. 

2. Due to residual magnetism present in electromagnets, the 

brake shoe takes time to come back to its original position. 

3. A special spring mechanism needs to be provided for the 

quick return of the brake shoe. 

 

IX. CONCLUSIONS AND FUTURE ENHANCEMENT 

CONCLUSION 

With all the advantages of electromagnetic brakes over 

friction brakes, they have been widely used on heavy vehicles 

where the ‘brake fading’ problem exists. The same concept is 

being developed for application on lighter vehicles. The 

concept designed by us is just a 

Prototype and needs to be developed more because of the 

above mentioned disadvantages. These electromagnetic 

brakes can be used as an auxiliary braking system along with 

the friction braking system to avoid overheating and brake 

failure. ABS usage can be neglected by simply using a micro 

controlled electromagnetic disk brake system .These find vast 

applications in heavy vehicles where high heat dissipation is 

required. 

 

9.2 FUTURE ENHANCEMENT 

When these brakes are combined it increases the life of brake 

and act like fully loaded brakes. These electromagnetic brakes 

can be used in wet conditions which eliminate the anti-

skidding equipment, and cost of these brake are cheaper than 

the other types. Hence the braking force produced in this is 

less than the disc brakes if can be used as a secondary or 

emergency braking system in the automobiles. 

 

X.  PHOTOGRAPHY 

 
 

REFERENCES 
[1] H.Van Oostveen and R. Siezen, 

“ErfahrungenmitPermanentmag-net-       Schienenbremsen”, 

GlasersAnnalen, Nr 12, S. 613-617, 1997. 

[2] Gagarin, G., Kroger, U. and Saunweber, E., ‘‘Eddy-current 

magnetic track brakes for high-speed trains,’’ Joint 

ASME/IEEE/AAR Railroad Conference, pp. 95–99, 1987. 

[3] Ohyma, T., ‘‘Adhesion at higher speeds, its basic characteristic, 

its improvement and some related problem,’’ Japanese Railway 

Engineering, Vol. 108, 1988. 

[4] McConnell, H.M., ‘‘Eddy-current phenomena in ferromagnetic 

material,’’ AIEE Transactions, Vol. 73, part I, pp. 226–234, 

July, 1954. 

[5] Kesavamurthy, N., ‘‘Eddy-current in solid iron due to 

alternating magnetic flux,’’ The Institution of Engineers 

Monograph, No. 339U, pp. 207–213, June, 1959, 

[6] Biro, O. and Preis, K., ‘‘Finite element analysis of 3-D eddy 

current,’’ IEEE Transactions on Magnetics, Vol. 26, No. 2, pp. 

418–423, Mar, 1990. 

[7] Heald, M.A., ‘‘Magnetic braking: improved theory,’’ American 

Journal of Physics, Vol. 56, No. 6, pp. 521–522, 1988. 
 

 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 



Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

228 

 

Performance evaluation of Vegetable oils as 

Cutting fluid under MQL condition in Turning 
 

Rajesh Mikkili, Putta Nageswara Rao,  Ajith Athota and N.S. Prameela  

Dept. of Mechanical Engineering, Jntuk, Vasiredddy Venkatadri Institute of Technology, Guntur, AP, India 

 

 

ABSTRACT—In the metal cutting process, the tool performs the 

cutting action by overcoming the shear strength of the work 

piece material. This generates a large amount of heat in the work 

piece resulting in a highly localized thermo mechanically coupled 

deformation in the shear zone. Therefore, to reduce the 

generated heat and achieve favourable machining performance, 

usage of proper cutting fluid is the main factor. Metalworking 

fluids are considered to be primary and most of these fluids 

increase productivity and the quality of manufacturing 

operations through cooling and lubrication during metal cutting 

process. Despite their widespread use, they pose significant 

health and environmental hazards throughout their life cycle. To 

reduce these negative effects, various vegetable oil-based 

lubricants are widely being used because of their high 

lubrication performance and less toxic, eco-friendly and non-

hazardous nature. Hence, we selected cutting fluids that are not 

dangerous or problematic to the environment or hazardous to 

workers. The following are used in the process: rice bran oil, 

soybean oil, sesame oil, coconut oil, neem oil. And the 

performance was checked to find out the better one. A technique 

called minimal quantity lubrication (MQL) is used. In this work 

the performance of pure vegetable oils were evaluated in turning 

AISI 304 austenitic stainless steel using Carbide tool under MQL 

by measurements of Surface roughness, maximum temperature 

generated at specified location and observation of chip 

formation. In the work done by us among the five oils Soybean 

oil gave the best results. All measured parameters confirmed 

that vegetable oils produce good surface finish, low temperature 

generated at specified location and better chip formation. It is 

suggested that considerable cost reduction by using vegetable 

oils as compared to commercial oils. 

Keywords—Thermomechanical, Metalworking fluids, Chip 

formation, MQL. 

I.  INTRODUCTION 

Machining is a manufacturing term encompassing a 

broad range of technologies and techniques. It can be roughly 

defined as the process of removing material from a work piece 

using power-driven machine tools to shape it into an intended 

design. Most metal components require some form of 

machining during the manufacturing process which leads to 

developing heat in the cutting zone. The amount of generated 

heat depends upon the hardness of the work piece material as 

well as the amount of material removed and the removal rate. 

A major portion of the generated heat is carried away by the 

chips, while the remaining heat is dissipated into the work 

piece and cutting tool.  

II.  LITERATURE SURVEY 

 KishoreKumarGajrani, M.RaviShankarth is paper is 

focused on review of composition, physico-chemical 

properties, advantages, applications and practical use of 

individual vegetable oils as metal working fluid in 

environmental conscious machining to make the process 

environmentally friendly and less toxic for operators, the 

study gave best results proving vegetable oils are 

ecofriendly and they are the fluids which have to be 

developed in future. 

 MSusmitha, PSharan and P N Jyothi should that friction 

between work piece-cutting tool-chips generates heat in 

the machining zone. The heat generated reduces the tool 

life, increases surface roughness and decreases the 

dimensional sensitiveness of work material. This can be 

overcome by using cutting fluids during machining which 

has led to reducing the tool wear and formation of 

continuous chips. 

III.  SOURCES OF HEAT GENERATION 

 

Heat is generated at the cutting point from three sources. 

Those sources and causes of development of cutting 

temperature are:  

• Primary shear zone - where the major part of the energy is 

converted into heat.  

• Secondary deformation zone - at the chip – tool interface 

where further heat is generated due to rubbing or shear.  

• At the flanks - due to rubbing between the tool and the 

finished surfaces.  

Generated heat leads to accelerated tool failure and thermal 

damage of the work piece. Thermal damage leads to bad 

surface finish, induction of residual stresses, micro cracks, 

and corrosion. Further, the elevated temperature in the cutting 

zone significantly promotes the formation of built-up edge 

(BUE) on the tool tip. BUE leads to inconsistent cutting forces 

and poor surface finish of the product which indirectly effects 

the machining performance. 

 

IV. EFFECT OF HIGH CUTTING 

TEMPERATURE 

The effects of the high cutting temperature, particularly 

when it is high, are mostly detrimental to both the tool and the 

job. The major portion of the heat is taken away by the chips. 

But it does not matter because chips are thrown out. So 

attempts should be made such that the chips takeaway more 

and more amount of the heat leaving a small amount of heat 

to harm the tool and the work piece.  

Effect of heat generated on cutting tool:  



Proceedings of NEC-ICETMEIA- 2K21                                                                                                                     ISBN: 978-93-91420-02-4 

 

229 

 

● Heat generated during machining results in tool wear 

eventually leading to high surface roughness of the work 

piece.  

● Thermal cracking which is due to the expansion and 

cracking caused by thermal stresses is another way the 

cutting tool can fail.  

● After some time, the cutting tool experiences a 

reduction in weight due to the wear (flank and crater) at 

the face.  

 

The possible detrimental effects of cutting temperature on the 

machined work piece are:  

● Dimensional inaccuracy of the job due to thermal 

distortion and expansion-contraction during and after 

machining.  

● Surface damage by oxidation, rapid corrosion, burning 

etc.  

● Induction of tensile residual stresses and micro cracks 

at the surface and sub surfaces. 

V.  MACHINING CONDITIONS 

5.1. DRYMACHINIG: 

This is a machining condition where no lubricant or 

metal cutting fluid is used instead of the usual traditional 

coolant and oil for cooling. It is mainly used for milling 

operation and not advisable for drilling operation as already 

stated earlier. It could be used in turning operation if hard 

cutting technology is present in the industry. Dry machining 

requires no coolants hence the working environment is 

cleaner and more comfortable eliminating the possibility of 

slippage during machining. It is cheaper as there is no 

consumption of water and oil for cooling nor cost incurred for 

used coolant disposal. However, during dry machining, 

cutting tool life is short; this results from high temperature 

generated due to absence of coolant. The absence of coolant 

to lubricate during cutting results in high energy consumption. 

5.2. WET MACHINING: 

Here, both the tool and the work piece require the right 

quantity of coolant. Under wet machining, the heat generated 

and chip removal rates occur at the same time. Tools utilized 

here are either externally or internally cooled, depending on 

the machining process and the work piece material. Cooling 

fluid fed by the pump also carries away chips produced during 

the cutting process. The application of coolant during 

machining reduces friction between the two surfaces thereby 

improving machinability, preserving tool life and improving 

surface finish. 

 

VI. TYPES OF METAL WORKING FLUIDS 

Metalworking fluids basically fall into four basic 

categories based on their composition which are straight oils 

(often called cutting oils), soluble oils, synthetic and semi-

synthetic oils. 

 
.  

6.1. STRAIGHT OILS: 

Straight oils are mineral based oils containing no water. 

Generally straight oils are preferred in low-speed applications 

for machining of stainless steels and other poorly machinable 

metals due to their excellent lubrication, good corrosion 

protection and easy maintenance. However, poor heat 

removal, formation of toxic mist, easily flammable and high 

cost are the major obstacles for their excessive usage. 

6.2. SOLUBLE OILS: 

Soluble oils are also referred to as emulsifiable oils, these oils 

are mineral oil based and contain emulsifiers, extreme 

pressure (EP) and other additives. Emulsifiers reduce 

interfacial tension between oil droplets and water, providing 

stable and finely dispersed oil emulsion in water. Emulsifiable 

oils are mixed with water in a concentration range between 2-

10%. Emulsion provides good lubrication, good cooling 

capability, and high corrosion protection, in addition it is of 

low cost and nonflammable. But the generation of bacteria 

and fungi during their usage is found to be harmful. 

 

6.3. SYNTHETIC OILS: 

Synthetic metalworking oils are water-based solutions 

which are a combination of soaps, other wetting agents, 

corrosion inhibitors, water softeners, extreme pressure, anti-

bacteria additives (biocides), glycols and other additives. 

Synthetic oils are prepared in the form of concentrates which 

are mixed with water before use. Synthetic oils have several 

advantages such as good cooling capability, excellent 

lubrication properties, and good stability in hard water, 

corrosion protection, formation of low mist, easy handling, 

cleaning and maintenance. However, because of their toxic 

nature they easily pollute and are of relatively high cost. 

Because of these negative reasons tribologists got inclined 

towards development of semi-synthetic oils. 

6.4. SEMI-SYNTHETIC OILS: 

Semi-synthetic oils are a water-based mixture (solution and 

emulsion) of synthetic lubricants, additives, emulsifiers and 

some amount (2-30%) of mineral oil. Semi-synthetic oils 

combine the advantages of mineral oil emulsions and 

synthetic oils. They possess better corrosion protection than 

synthetic oils, better cooling and wetting capabilities, easier 

to handle and maintain than mineral emulsions. Creation of 

mist, poor stability in hard water and partial toxic nature are 

the major disadvantages associated with semi-synthetic oils. 

VII. USAGE OF LUBRICANTS 

In general, apart from improving the machining 

performance, a successful development of cutting fluid should 

fulfil a number of requirements such as non-toxic in nature, 

non-harmful to health of operators, non-fire hazard, and non-

smoke or fog inductor and also should be of less cost. To 

overcome these challenges, various alternatives to petroleum-

based MWFs are currently being explored by scientists and 

tribologists. Such alternatives include synthetic lubricants, 

solid lubricants and vegetable-based lubricants. In general, 

vegetable oils are highly attractive substitutes for petroleum-

based oils because they are environmental friendly, 

renewable, less toxic and readily biodegradable. Currently, 

vegetable-based oils are more potential candidates for the use 

in industry as lubricants. Many investigations are in progress 

to develop many bio based cutting fluids based on various 

vegetable oils available around the world which differ from 
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various metalworking fluids. Based on the comparison of 

properties it is concluded that vegetable oils possess relative 

advantages compared to Metal working fluids such as less 

polluting effect on the environment, less toxicity, high flash 

point, low volatility, high viscosity index which are very 

much necessary in the machining environment. 

VIII. BACKGROUND OF VEGETABLE OILS 

Vegetable oils consist of primarily triglycerides i.e., tri-esters 

of long chain carboxylic acids (fatty acids) combined with 

glycerol. A fatty acid is a long-chain of carboxylic acid that 

may be saturated or unsaturated. 

To the saturated acids no more hydrogen atoms could be 

bonded to the carbon atoms present in the basic structure and 

these compounds contain only C-C single bonds. Whereas 

unsaturated acids are potential for hydrogen atoms to get 

bonded to the carbon atoms through further chemical 

reactions. It is due to these fatty acids containing C=C double 

bonds that can be chemically converted to C-C single bonds 

during hydrogen atoms bonded. Soybean oil has been used in 

China since before historical records [citation needed]. It 

arrived in the USA in the 1930s. Soybeans are protein-rich, 

and the medium viscosity oil rendered from them was high in 

polyunsaturated. Henry Ford established a soybean research 

laboratory, developed soybean plastics and a soy-based 

synthetic wool, and built a car "almost entirely" out of 

soybeans. 

Most of these oils contain at least four and sometimes as many 

as twelve different fatty acids. The proportion of each fatty 

acid depends not only on the type of the plant, but also on the 

geo-climate and the weather available. The triglyceride 

structure of the vegetable oils provides desirable qualities of 

boundary lubrication, a high natural viscosity, viscosity index 

(the strong intermolecular interactions are resilient to 

temperature changes) and structural stability over reasonably 

operating temperature ranges. The flash point of vegetable 

oils is high which correlates to a very low vapor pressure and 

volatility, thereby eliminating potential hazards during use. 

The long and polar fatty acid chains produce oriented 

molecular films that interact strongly with the metallic 

surfaces, reducing both friction and wear. 

 

 

IX. VEGETABLE OILS 

Being a tropical country, India is rich in forest resources 

having a wide range of trees, which yield a significant 

quantity of oilseeds. India is importing crude petroleum & 

petroleum products from Gulf countries. Indian scientists 

searched for an alternative to petroleum-based lubricant to 

preserve the global environment and to withstand the 

economic crisis. Some Non-Edible Vegetable Oils Available 

in India. 

9.1. APPLICATIONS OF VEGETABLE OILS: 

1. Turning process 

2. Drilling process 

3. Grinding process 

4. Milling process 

 

9.2. LIMITATIONS OF VEGETABLE BASED MWF’S: 

There are typical examples where metalworking fluids 

application whether it is vegetable or mineral based harms the 

process and therefore, it must not be used. Example is when 

machining with ceramic tools, it must be performed without 

fluid, because it may promote thermal shocks and eventually, 

cause tool breakage. Some ceramic tools, mainly those based 

on Si3N4 and the “whiskers” which have higher toughness 

and thermal shock resistance can avoid this kind of failure and 

so cutting fluid can be applied. When machining magnesium, 

more serious problems may occur when water based fluids are 

applied because water reacts with the chips, releasing 

hydrogen, which may cause ignition and fire hazards. It is 

highly recommended that dry machining be adopted when 

machining with ceramic tool and straight oil can be used in 

the case of magnesium as a metalworking fluid. 

 

X. MINIMUM QUALITY LUBRICATION 

This is also called near- dry machining condition; it is an 

alternative to conventional fluids like water and oil. It implies 

the use of a minimal amount of quality lubricant directly on 

the surface of the cutting tool. It is almost like the opposite of 

the use of conventional coolants. For drilling operation, when 

using the fluid as coolant the application is done externally to 

cool the tool surface but for MQL, lubricant is applied on the 

surface of the cutting tool which means that cooling is done 

internally. Major advantages of MQL include reduction in 

health risk and energy consumption. It is cheaper because of 

limited use of coolant. However, MQL technology is much 

more technical and could pose challenges for machinists and 

chip evacuation in MQL is poorer compared to those of wet 

machining.  

The concept of MQL is fundamentally different from that of 

flood coolant and this can be a large stumbling block to 

machinists who are new to MQL. The use of flood coolant is 

incredibly basic. As long as relatively clean coolant ‘floods’ 

the interface of the cutting tool and work piece, the heat 

generated by machining operations is kept at bay. This 

process works (another reason it is widely accepted!), but has 

some significant consequences. One of the main downsides to 

the use of coolant, is that it adds extra equipment into the 

equation. Equipment to recirculate, filter, test, and treat 
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coolant to keep it viable is required. Contamination from 

bacteria, tramp oil, and swarf are major concerns as is the 

disposal of spent coolant. Spent coolant is typically classified 

as toxic waste and its disposal is regulated. 

Line 

diagram of MQL process 

Users of flood coolant must factor the cost of its disposal into 

their machining costs. Another consequence of coolant is that 

it’s messy. Despite containment methods, coolant invariably 

winds up covering more than just the cutting tool and work. 

Machines, floors, and finished parts are often left wet from 

coolant, causing potential slip hazards and often requiring part 

cleaning before secondary operations can take place.  

Repeated exposure too many coolants can have real 

consequences for the humans involved as well. Some coolants 

have been shown to cause dermatitis and to be carcinogenic 

with long-term exposure to coolant vapour. Studies have 

shown that the cumulative cost of coolants/MWFs can equal 

as high as 15% of the total cost to produce a part. In a nutshell, 

MQL makes use of a lubricant, not a coolant, and does so in 

‘minimum quantities’ (like its name!).  

Where coolants flood the interface in an attempt to cool things 

down, MQL coats the interface with a thin film of lubricant 

and prevents heat buildup through friction reduction. The 

excellent lubricity of a good MQL lubricant means that the 

majority of the heat from friction is transmitted to the chip and 

exits the interface as chips are expelled. 

This lubrication and transfer of heat keeps the cutting tool 

much cooler and reduces tool wear. It is not uncommon for 

machinists to experience twice the tool life after adopting 

MQL. MQL lubricants are mostly consumed in the cutting 

process. The friction and heat in the interface vaporizes the 

small amount of lubricant and leaves cutting tools, parts, 

equipment, and floors dry and clean.  

The swarf or chips from cutting with MQL are virtually dry 

and can be recycled without cleaning and for greater profit. 

With MQL, parts often do not require any cleaning before 

secondary operations take place. Because the lubricant is 

consumed, there is no disposal required and no extra 

equipment is necessary for fluid reclamation. Many MQL 

lubricants are essentially highly refined bio-based (plant) oils 

and are completely safe for skin contact as well as having the 

extra benefit of coming from renewable, environmentally-

friendly material. 

XI. PROBLEM STATEMENT 

Metalworking fluids are used to reduce the generation of heat 

and friction at the tool work piece interfaces during the 

machining process. The widespread use of metalworking 

fluids caused significant health and environmental hazards 

through their life cycle. To overcome these problems, various 

alternatives to petroleum-based lubricant have currently been 

explored by researchers which include the developments of 

synthetic oils, vegetable based-oil and nano fluids. The 

growing demand for biodegradable materials opened an 

opportunity for using vegetable oil as a replacement to 

petroleum-based oils.  

Therefore, Metal working fluids made of vegetable oils are 

favourable as a sustainable alternative to the conventional 

Metal working fluids. Metal working fluids from vegetable 

oils served as an antiwear and anti-friction medium due to 

strong interactions with the lubricant at the contact surfaces.  

Moreover, vegetable oils can be increased for long term usage 

by further improvement of thermo physical properties by 

various modification methods such as blending of vegetable 

oils, adding of nano particles which can influence the 

machining performances by reducing friction and wear. 

Therefore, the present work focuses on development of 

vegetable oil-based cutting fluid for long term sustainable 

machining. 

XII. PREPARATION METHODS 

12.1. SELECTION OF VEGETABLE OILS 

As a lubricant in machining applications vegetable oils are 

used widely from the 21st century due to their environmental 

friendliness and good machining response. However, there 

are a wide variety of oils available in nature consisting of a 

wide variety of fluid properties, therefore selection of proper 

oil as a lubricant for the particular machining application has 

always been a confusing task. Selection of good cutting fluid 

depends on its Viscosity, Flash and Fire Points and 

Adhesiveness. The cutting fluid should possess high flash and 

fire points, as it should not catch fire at high temperatures.  

An incorrect selection of lubricant contributes to very high 

cost as well as undesirable machining performance. Hence 

among the variety of vegetable oils selection of proper oil for 

the particular application leading to generation of minimum 

temperature and surface roughness during machining is of 
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primary importance. Various researchers have proved the 

worth of edible vegetable oils viz., coconut oil, palm oil, soya 

bean oil, canola oil to be used as eco-friendly fluid in recent 

past.  

Therefore within the present work selection of best vegetable 

oil as a lubricant among the wide variety of oils available and 

also with respect to various manufacturing conditions as well 

as environment has been done through a highly promising 

approach known as Multi Attribute Decision Making 

(MADM) for arriving at effective decision- making. 

Being a tropical country, India is rich in forest resources 

having a wide range of trees, which yield a significant 

quantity of oilseeds. India is importing crude petroleum & 

petroleum products from Gulf countries. Indian scientists 

searched for an alternate to petroleum based lubricant to 

preserve global environment and to withstand economic 

crisis. Some Non-Edible Vegetable Oils Available in India.  

Thermo-physical properties are taken from extensive 

literature and output responses are measured in terms of 

surface roughness and maximum temperature generated. The 

best vegetable oil as a lubricant was selected using a highly 

promising approach known as Multi Attribute Decision 

Making (MADM). The results showed that Soybean oil gave 

best performance among 11 Vegetable oils and consequently 

the Coconut oil, Cotton seed, Sesame, Rice bran led to better. 

       Table 12.1 Ranking of each alternate based on 

performance score with different MADM methods 

However, among other alternatives Soybean oil is found to be 

superior to the other vegetable oil considered and ranked one 

in all conditions discussed. Based on the rankings of the 

vegetable oils through MADM methods the oils that were 

selected are as follows: 

12.2. SETTING UP VEGETABLE OILS 

The vegetable oils are taken and poured into the bottles. Each 

bottle should be properly mentioned with the oil name on it. 

Names of the oils in the photograph  

 

1 - Rice bran Oil  

 

2 - Soybean Oil  

 

3 - Sesame Oil  

 

4 - Coconut Oil  

5 - Neem Oil 

XIII. PERFORMANCE EVALUATION OF SELECTED 

VEGETABLE OILS 

After selecting vegetable oils their performance was evaluated 

in machining (turning) through MQL. Performance 

evaluation of oils in machining was carried out considering 

the factors such as generated cutting temperature at 4mm 

away from the tool tip, surface roughness and chip formation 

in turning of AISI-304 steel with carbide insert cutting tool at 

different speed-depth of cut combinations. The parameters are 

compared and the results are obtained in MQL 

13.1. EXPERIMENTAL DETAILS FOR MACHINING 

During the experimentation the selected AISI-304 steel work 

piece chemical composition and properties are shown in the 

Table-13.1 and 13.2.Table 13.1 Chemical composition of 

AISI 304 steel. 

 
Table 13.2 Properties of AISI 304 steel. 

 
The machining under MQL Environment is considered from 

various literatures as a rigorous solution in achieving 

sustainable machining. Therefore, experimental testing has 

been carried out by turning of work piece (AISI 304 steel) 

with 100 mm length on a conventional lathe by a standard 

carbide insert.  

For the measurement of temperature a hole of 1.6 mm 

diameter is made through the insert holder nearer to the insert 

rake face (~0.3mm below rake face) it is diagonally 4 mm 

away from the tip of the tool. In this hole, one end of the K- 

type thermocouple probe of 1.5 mm diameter is fitted, the 

other is a connected temperature digital display unit. Proper 

precautions are taken to avoid entry of air into the hole for the 

accurate measurement. The hole was made through the electro 

discharge machine.  

For the performance evaluation of selected vegetable oils tests 

have been carried out with the following Low and high cutting 

conditions, which are shown in Table 13.3. All these 

parameters are selected based on Lathe specifications for 

machining of AISI 304 steel with carbide insert. 

Table 13.3 Experimental conditions. 
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The experimental set-up under dry and MQL environments 

photographic views is shown in Figure 13.1. A cylindrical bar 

of AISI 304 steel of 30 mm diameter was selected for straight 

turning the cutting insert is fixed with a thermocouple sensor 

at 4 mm away from the tip, during machining the generated 

maximum temperature is recorded by the thermocouple 

sensor. After conducting experiments, the machined 

specimen’s surface roughness was measured by a Taly surf 

using a sampling lengthof 4 mm for 3 trails and average value 

was taken and finally the chip morphology studies were 

carried out under all cutting conditions for the selected 

vegetable oils. 

 

XIV. RESULTS AND DISCUSSION 

To observe the performance of five vegetable oils under 

different cutting conditions in MQL environment. The 

obtained results are discussed in following sections.  

 

 

14.1 CUTTING TEMPERATURE  

Machining with high speed, feed rate and depth of cut 

inherently generates more heat as well as high cutting zone 

temperature. The magnitude of this cutting temperature 

increases, though in different degrees, with the increase of 

speed, feed rate and depth of cut, as a result, production levels 

are constrained by rise in temperature. In the present work, the 

maximum temperature generated during machining at 4mm 

away from the tool tip was measured under dry and MQL with 

the help of a thermocouple sensor.  

In this research work, a tool-work thermocouple with proper 

calibration was used to determine the maximum generated 

temperature at 4 mm away from the tool tip during turning of 

AISI 304 steel at various cutting conditions. The obtained 

results were tabulated with digital photographs and the results 

are plotted against different cutting conditions in MQL for the 

vegetable oils. 

Table 14.1 Generated maximum temperature (0C) from 4 

mm away of tool tip. 

 
Figure 14.1 Generated maximum temperature (0C) from 4 

mmaway of tool tip vs Speeds (rpm) under different Depth 

of cuts. 

 

The maximum generated temperature at 4 mm away from the 

tool tip along the rake face is evaluated at different cutting 

conditions for the five selected vegetable oils under MQL. 

Figure 4.5 clearly shows that the maximum generated 

temperature for soybean oil is very less compared to all other 

oils for all cutting conditions. With the increase in cutting 

conditions, maximum generated temperature has been 

increased as usual, due to increase in energy input generated 

temperature increases with the increase in specific energy 

consumption and material removal rate i.e., with the increase 

of cutting speed, feed rate and depth of cuts. The maximum 

generated temperature at specified distance i.e., 4mm away 

from the tool tip for the soybean oil is found to be very less 

and at Low cutting condition is 67°C and at high cutting 

condition is 91°C. This is due to impinging of fine droplets of 

mist into the region of chip-tool interface which dissipates the 

heat effectively and it provides better lubrication between 

chip–tool interfaces in turn avoids formation of Build-up edge 

even at higher cutting conditions. 
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14.2 SURFACE ROUGHNESS 

Surface roughness is a widely used index of product quality 

and in most cases a technical requirement for mechanical 

products. In this work after machining surface roughness has 

been measured by a Taly surf, taking the average of 3 Trails 

for each work piece as shown in below table.  

Variation of surface roughness at different Cutting conditions 

(Low and High) has been plotted shown in Figure 14.2 

Table 14.2 Surface roughness of selected vegetable oils 

 

 

 

Figure 14.2 Surface roughness of Vegetable oils 

Variation of surface roughness at different Cutting conditions 

(Low and High) has been plotted shown in figure it was 

observed that the Soybean oil is having less surface roughness 

compared to other oils for all cutting conditions, 

accomplished by the lubricating effect of the MQL jet.  

 

The MQL jet with its velocity was able to reach the tool tip 

where it performed its lubricating and cooling effects and 

minimized friction to a remarkable amount. It is also observed 

that at higher cutting conditions as the machining process 

continues, the sprayed cutting fluid on the work piece forms a 

thin layer which reduces further rise of temperature causing 

good surface finish. This improvement might be due to 

reduction in wear and also due to the fact of prevention of 

built- up-edge formation. 

 

14.3 CHIP FORMATION 

From the table it was observed that chips produced for the 

soybean oil at low cutting condition is very long ribbon coiled 

chips (continuous chips) due to continuous plastic 

deformation and it was observed inside part of the chip shows 

steps due to intermittent slip and outside is smooth, for higher 

cutting conditions Serrated Chips (semi-continuous) are 

generated which possess a saw tooth profile due to the 

alternating high shear strain followed by a low shear strain. It 

is clearly observed that the effectiveness of MQL is suitable 

for the Soybean oil. The chip formation for other selected oils 

is unfavourable at low and high cutting conditions as shown 

in table which are similar to dry cutting condition due to the 

fact that others are having less heat carrying capacity as 

compared to the Soybean oil. During Machining, chip 

formation usually depends on type of metal being machined 

i.e. weather ductile or brittle and temperature at the machining 

zone. This temperature is due to friction that exists between 

drill bit and the work piece. Chip may break due to chattering 

of work piece and due to overheating of work surface during 

the cutting process. The chatter in the material is avoided by 

strong work holding work element. Due to excessive heat 

produced during the machining, surface of work piece 

material gets converted from ductile to brittle and the chip 

becomes discontinuous. 

 

Table 14.3 Chip formation under different cutting conditions 

for vegetable oils. 
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XV. CONCLUSION AND FUTURE SCOPE 

15.1 CONCLUSION 

In this work the effect of selected vegetable oils under 

minimum quantity lubrication (MQL) on machining 

performance in turning of AISI 304 steel is investigated in 

terms of maximum generated temperature, surface finish and 

chip morphology has been examined at low and high cutting 

conditions.  

1. The maximum generated temperature at specified 

distance i.e. 4mm away from the tooltip for the Soybean 

Oil is found to be very less in both the conditions i.e. for 

low cutting condition it is 67°C and for high is 91°C.  

2. It was observed that for Soybean Oil there is a good 

surface finish as compared to other oils in all cutting 

conditions due to the increase in the Conventional heat 

transfer.  

3. Chips produced for the Soybean oil at low cutting 

condition is a very long continuous chip whereas for 

higher cutting conditions short ribbon type chips are 

produced.  

4. MQL provides proper lubrication that minimizes the 

friction resulting in retention of tool sharpness for a 

longer period.  

5. The other oils neem, coconut are not effective under 

MQL condition may be due to the poor thermo-physical 

properties.  

 

15.2 FUTURE SCOPE   

1. We can develop blended vegetable oils in different 

ratios by making these variations we can acquire 

more data which helps for evaluating data 

accurately.  

2. Performance need to be evaluated at other cutting 

conditions also.  

3. By mixing various Nano-particles we can also 

improve the properties of vegetable oils.  
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Abstract—In typical green supply chain management, 

distributors collect used goods (oil, plastics, metals, etc.) and ship 

the goods to recycling processing centers and then collect 

recycled items from recycling centers. Recycled / recycled goods 

are sold in secondary markets. In this current paper, the 

proposed effective strategy for selecting an eligible contender for 

the recycling industry is similar to the selection problem, the 

study aims to select a contender in the green supply chain using 

a comprehensive Fuzzy AHP and VIKOR Method. 

In this paper, four criteria and four criteria such as cost, 

quality, technical satisfaction, and environmental efficiency are 

considered and relative weights are generated as the criterion 

weights by Fuzzy Analytic Hierarchy Process (FAHP). Then, for 

the ideal solution, the VIKOR method is applied for the best 

recall selection. A case study was carried out in the oil recovery 

industry to demonstrate the proposed methodology. 

Keywords— Fuzzy AHP, VIKOR, Reclaimer, Green Supply 

Chain Management.  

I. INTRODUCTION  

Reclamation selection plays an important role in 

maintaining green schedules for oil recycling. The 

characteristics of recapture are that selection is a multi-criteria 

decision problem (MCDM), influenced by several conflicting 

factors. Consequently, the purchasing manager must evaluate 

compensation between different criteria. MCDM methods 

assist decision makers (DMs) in evaluating a set of options. 

Depending on the purchase condition, standards may have 

different importance and weight [7]. 

The claim selection process is one of the most important 

variables that have a direct impact on the performance of the 

organization. As the company becomes more dependent on its 

suppliers, the direct and indirect consequences of poor 

decision making become more complex. The nature of this 

decision is usually complex and structured. On the other hand, 

the problem in supplier selection decision trade is between 

multiple criteria with quantitative and qualitative factors, 

which is also contradictory [8]. 

Recycling is the process of converting waste into new 

materials and materials. It is an alternative to "traditional" 

waste disposal, which saves material and helps reduce 

greenhouse gas emissions. Recycling can reduce wastage of 

useful materials and reduce the consumption of fresh raw 

materials, reducing energy consumption, air pollution (from 

infusion) and water pollution (from landfill) [9]. 

Recycling is an important part of modern waste reduction 

and the third part of the waste hierarchy is "Reducing, 

Recycling and Recycling". Therefore, recycling aims at 

environmental sustainability by diversifying raw material 

exchanges and isolating waste reserves outside the economy 

[10]. Recycling prevents the depletion of waste land resources 

[11]. 

II. LITERATURE REVIEW 

The use of comparisons between AHP and its peers has led 

to the creation of several other decision-making methods. In 

addition to its widespread acceptance, it has also drawn some 

criticism; For theoretical and practical reasons. From the early 

days it was clear how peer was being compared with some 

issues and how AHP was evaluating alternatives. AHP is the 

most widely accepted method and is considered by many to be 

the MCDM method. Multi-criteria decision making process 

(MCDM) for supplier selection based on 2000 to 2008 journal 

articles. A blurred method of multi-level decision making is 

proposed to overcome supplier selection problems. And use 

TOPSIS to determine the ranking order of all providers). Gray-

based approach PROMETHEE (a method of evaluating 

suppliers for strategic sourcing, in which suppliers are 

evaluated against supplier co-design capabilities and 

categorized based on overall performance. (Ghodipur and 

O'Brien, 2001 (3)) non-linear programming model) designed 

by Hwang, CL and Yoon, K., (1981), who have studied many 

features of decision-making processes and applications. 

The VIKOR method was mainly established by Jeleni and 

later advocated by Aprikovic and Teng (Adhikari et al, 2015). 

This method helps solve multi-level decision-making 

problems with conflicting and non-initiating criteria when the 

decision-maker wants a solution that is close to the ideal 

solution, assuming that an agreement Conflict resolution is 

acceptable. And from the negative ideal solution, and with 

respect to all established criteria, alternatives can be assessed. 

It focuses on classifying and selecting the best option from a 

set of conflicting criteria and proposing a compromise solution 

(one or more). A compromise solution is a possible solution, 

close to an ideal solution, and a compromise is a compromise 

between mutual subsidies (Rao, 2007). In the VIKOR method, 

the best option is preferred by increasing the utility group and 

decreasing the sadness group. This method calculates the ratio 

of positive to negative ideal solutions. In fact, the TOPSIS and 

VIKOR methods provide a ranking list. The best ranked option 

by VIKOR is close to the ideal solution. However, TOPSIS is 

the best ranked option in terms of rating, which does not 

always mean that it is a near-perfect solution. In addition to 

classification, the VIKOR method proposes a compromise 

solution with a gain rate (Teng and Huang, 2011). 

 

 

III. BRIEF ON  VARIOUS TECHNIQUES USED 

Fuzzy AHP 
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Fuzzy analytic hierarchy process (f-AHP) [8] embeds the 

fuzzy theory to basic Analytic Hierarchy Process (AHP), 

which was developed by Saaty [13]. 

   Step 1: Decision maker compares the criteria or 

alternatives via linguistic terms shown in  Table 1 

 

According to the corresponding triangular fuzzy numbers of 

these linguistic terms, for example if the decision maker state 

“Criterion 1 (C1) is weakly important than Criterion 2 (C2)”, 

then it takes the fuzzy triangular scale as (2, 3, 4). On the 

contrary, in the pair wise contribution matrices of the criteria 

comparison of C2 to C1 will take the fuzzy triangular scale as 

(1/1, 1/3, 1/2). The pair wise contribution matrices is shown in 

Eq1. [12] Where dij indicates the kth decision maker’s 

preference of ith criterion over jth criterion, via fuzzy triangular 

numbers [11]. 

 

 
VIKOR METHOD  

The VIKOR method is a multi-criteria decision making 

(MCDM) or multi-criteria decision analysis method. It was 

originally developed by Serafim Opricovic to solve decision 

problems with conflicting and no commensurable (different 

units) criteria, assuming that compromise is acceptable for 

conflict resolution, the decision maker wants a solution that is 

the closest to the ideal, and the alternatives are evaluated 

according to all established criteria. VIKOR ranks alternatives 

and determines the solution named compromise that is the 

closest to the ideal.  

The idea of compromise solution was introduced in 

MCDM by Po-Lung Yu in 1973[1] and by Milan Zeleny[2]. 

The VIKOR method was developed to solve multiple criteria 

decision making (MCDM) problems with conflicting and non-

commensurable (different units) criteria, assuming that 

compromising is acceptable for conflict resolution, the 

decision maker wants a solution that is the closest to the ideal, 

and the alternatives are evaluated according to all established 

criteria. 

The proposed methodology for reclaimer selection 

problem composed of VIKOR Method the MCDM method is 

very popular technique widely applied for determining the best 

solution among several alternatives having multiple attributes 

or alternatives. A MCDM problem can be presented by a 

decision matrix as follows:  

Here, i A represents ith alternative, i =1, 2,........., m; j Cx 

represents the jth criterion, j =1, 2,.........,n; and xij is the 

individual performance of an alternative. The procedures for 

evaluating the best solution to an MADM problem include 

computing the utilities of alternatives and ranking these 

alternatives. The alternative solution with the highest utility is 

considered to be the optimal solution. 

The following steps are involved in VIKOR method [6] 

 

Step 1: Representation of normalized decision matrix  

 

The normalized decision matrix can be expressed as follows:  

               F= [fij ]m×n (1)  

 

                      Here, 𝑓𝑖𝑗 =
𝑥𝑖𝑗

√∑ 𝑥𝑖𝑗
2𝑚

𝑖=1

 

fij = 𝑥𝑖𝑗𝑥2𝑖𝑗𝑚𝑖=1 , where I = 1, 2,…..and Xij is the 

performance of alternative Ai with respect to the jth criterion.  

 

Step 2: Determination of ideal and negative-ideal solutions  

 

The ideal solution A* and the negative ideal solution A− is 

determined as follows:  

Find Best i.e  (x ij ) max for beneficial, (x ij ) min for non- 

beneficial criteria 

And Worst (x ij ) min for beneficial, e  (x ij ) max  for non- 

beneficial criteria 

𝑥𝑖
+ = {(max 𝑥𝑖𝑗| 𝑥 ∈ 𝑋)𝑜𝑟 min 𝑥𝑖𝑗| 𝑥 ∈ 𝑋 ′), 𝑖

= 1,2, … … 𝑚} = {𝑥1
+ , 𝑥2

+ … … 𝑥𝑗
+ … . 𝑥𝑛

+} 

𝑥𝑖
− = {(min 𝑥𝑖𝑗| 𝑥 ∈ 𝑋)𝑜𝑟 max 𝑥𝑖𝑗| 𝑥 ∈ 𝑋 ′), 𝑖

= 1,2, … … 𝑚} = {𝑥1
− , 𝑥2

− … … 𝑥𝑗
− … . 𝑥𝑛

−} 

Where X = {x = 1, 2,……..n| Xij , if desire response is 

maximum} 

          X’ = {x = 1, 2,……..n| Xij , if desire response is 

minimum} 

 

Step 3: Calculation of utility measure and regret measure  

The utility measure and the regret measure for each alternative 

are given as:  

Si = ∑ (Wj ∗
Xi

+ − Xij

Xi
+ − Xi

−)

m

j=1
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Ri = max (Wj ∗
Xi

+ − Xij

Xi
+ − Xi

−) 

Where, Siand Ri, represent the utility measure and the regret 

measure, respectively, and wj is the weight of the jthcriterion.  

Step 4: Computation of VIKOR index  

The VIKOR index can be expressed as follows:  

Qi = v ∗
Si − S∗

S− − S∗
+ (1 − v) ∗

Ri − R∗

R− − R∗
 

 

Where, Qi, represents the ithalternative VIKOR value, i =1, 

2,........ , m;  

𝑺𝒊 = ∑ (𝑊𝑗 ∗
𝑋𝑖

+ − 𝑋𝑖𝑗

𝑋𝑖
+ − 𝑋𝑖

−)

𝑚

𝑗=1

 

𝑹𝒊 = max (Wj ∗
Xi

+ − Xij

Xi
+ − Xi

−) 

S∗ = min  Si  ,   S
− = max  Si ;  

R∗ = min  RiR
− = max  Ri 

Where v is the weight of the maximum group utility (usually 

it is to be set to 0.5). The alternative have smallest VIKOR 

determined to be the best solution. 

 

CASE STUDY  

 This study mainly focuses on the green Reclaimer selection 
problem of an oil company located in Amaravathi four 
possible Reclaimers have been determined by the expert. As a 
result of increasing consciousness of environmental issues and 
being under pressure from customers’ demand, the company 
tends to incorporate environmental criteria into reclaimer 
selection process. 

 

𝑟𝑖̃ =  ([∏ 𝑑𝑖𝑗̃
𝑛
𝑗=1 ])

1/𝑛
  =[(1 ∗ 1 ∗ 2 ∗ 5)

1

4; (1 ∗ 2 ∗ 3 ∗

6)1/4; (1 ∗ 3 ∗ 5 ∗ 7)1/4]=[1.778; 2.45; 3.03] 

Table3: Relative fuzzy values of quality weights 

 
Hence the relative fuzzy weights of each criterion are given 

Table  

Table: 4: fuzzy weights of all the criteria  

The relative non fuzzy weight of each criterion (Mi) is 

calculated by taking the average of fuzzy numbers for each 

criterion.  

Ex: for price m1 = (0.29+0.47+0.75)/3 = 0.49 

By using non fuzzy Mi ‘s, the normalize weights (Ni )of 

each criterion are calculated and tabulated in Table 5. 

Table 5.Normalised values of criteria of reclaimer  

 

Step 1: Representation of normalized decision matrix 

 

Step 2: Determination of ideal and negative-ideal solutions  

 Best i.e  (x ij ) max for beneficial, (x ij ) min for non- 

beneficial and  Worst (x ij ) min for beneficial, e  (x ij ) 

max  for non- beneficial 

 
 

Step 3: Calculation of utility measure and regret measure  

The utility measure and the regret measure for each alternative 

are given as:  

Where, Si and Ri, represent the utility measure and the regret 

measure, respectively, and wj is the weight of the jth criterion.  

𝑆𝑖 = ∑ (𝑊𝑗 ∗
𝑋𝑖

+ − 𝑋𝑖𝑗

𝑋𝑖
+ − 𝑋𝑖

−)

𝑚

𝑗=1

 

𝑅𝑖 = 𝑚𝑎𝑥 (𝑊𝑗 ∗
𝑋𝑖

+ − 𝑋𝑖𝑗

𝑋𝑖
+ − 𝑋𝑖

−) 

𝑆∗ = 𝑚𝑖𝑛𝑆𝑖 

𝑅− = 𝑚𝑎𝑥𝑅𝑖 
Step 4: Computation of VIKOR index  

The VIKOR index can be expressed as follows:  
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Qi = v ∗
Si − S∗

S− − S∗
+ (1 − v) ∗

Ri − R∗

R− − R∗
 

 
Where, Qi, represents the ithalternative VIKOR value, i =1, 

2,........ , m;  

 
        R-Reclamier 

Where v is the weight of the maximum group utility (usually 

it is to be set to 0.5). The alternative have smallest VIKOR 

determined to be the best solution. 

Check the Conditions 

C1-Acceptable advantage; C2- Acceptable stability in 

Decision making 

Check first condition: C1-Acceptable advantage  

Q (A2)-Q(A1) ≥ DQ 

Where DQ =1/(j-1) 

j is number of alternative =4 

Q(A2)-Q(A1) ≥ DQ 

0.258218 -0 = 0.258218 

 DQ= 1/(4-1) = 0.3 

Check Second condition: C2- Acceptable stability in 

Decision making 

If one of the conditions not satisfied, then a set of 

compromise solution is proposed, which consists of: 

 alternative a1 and a2 if only condition C2 is not 

satisfied, or 

 Alternative  a1, a2,  . . . . . ,a(M) if condition c1 is 

not satisfied; and a(M) is determined by the relation  

Q(a(M))  -Q (a1) < DQ for maximum M ( the 

positions of these alternatives  are “ in closeness”) 

 
 

IV. CONCLUSION 

 Many researchers and scholars have mentioned the 

advantages of green supply chain management for 

environment sustainability. Creating a close and long term 

relation between the supplier and purchaser is one of the key 

elements of supply chain creation success to obtain 

competitive advantage. Therefore, the issue of supplier 

selection is the most important issue in effectively 

implementing supply chain. Reclamier selection is similar to 

supplier selection in reviser logistics in this study initial select 

the four Reclamiers by Delphi method later evaluated them  

by using  Comprehensive AHP and VIKOR Method with four 

criteria such cost, quality, Technology level satisfaction and 

Environmental Competence. The Reclamier who receives the 

highest ranking (minimum loss score) will be selected to 

perform with the minimum VIKOR value as follows 
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Abstract—Cleaning has become a significant need in this 

advanced period for every one of the people and it is unavoidable 

in day-by-day schedule measure. It is important to keep streets, 

roads and floors of the multitude of public get-togethers are all 

around kept up because of the pattern and furthermore the 

pandemic across the globe. While cleaning and clearing the 

streets and roads the work was confronting extreme medical 

issues for all such issues this planning and created street cleaning 

machine would help a great deal for every one of the labourers 

and it is absolutely eco-accommodating. It includes roller 

brushes to the machine that is associated with cycle wheel where 

it cleans the streets or roads as the cycle pushes ahead. This 

machine is complete dependent on mechanical and its support is 

likewise simple. The brush in the machine is comprised of 

grating material where the movement of brush permits to drive 

the residue into capacity box. The principal objective of this is to 

spread this thought of Model Street cleaner to every single one 

who expects to diminish the work, time utilization. Henceforth, 

the current design is planned to foster a physically worked street 

cleaning machine which is eco-accommodating practical, 

convenient and less upkeep. The design expects to foster a 

cutting-edge street cleaning machine that would clean the waste 

particles lying in the streets successfully for different purposes in 

every one of the climate conditions. 

Keywords: Road cleaning, Eco-friendly, Roller Brushes and 

Storage Box. 

I. INTRODUCTION 

Successful cleaning helps to ensure the wellbeing of the 

people straightforwardly and in a roundabout way. Cleaning 

also develops the time span of usability of the floor, dividers 

and so forth because of customary cleaning and upkeep. As of 

late, the greater part of individuals like to use transport vehicles 

for driving and thus these spots are covered with bread rolls 

covers, cold drink bottles and so forth Thus, it is important to 

clean the transport stands and rail lines stations at ordinary 

stretch. . 

Cleaning work can be physically demanding and a need has 

been identified and to develop methods for systematic 

efficiency evaluation of new products. The present work is 

aimed to design, development and evaluation of a pedal 

operated sweeping machine and this should reduce labour and 

time. An effort has been made to develop a mechanically 

operated sweeping machine so that it can be an alternative to 

decrease time consumption as well as labour cost for cleaning 

roads. On other hand in rural area the road cleaning is done by 

an manual operated which renders fatigue hazards like asthma, 

bronchitis etc. to the worker.  

However, qualitatively India's roads are a mix of modern 

highways and narrow, unpaved roads are being improved. Our 

focus is to develop a machine which should be operated 

manually so that it can be alternative for conventional electric 

road cleaning machine. In this work we have done modelling 

and analysis of the road cleaning machine. The project 

introduces new technology of cleaning roads and making 

more comfortable to the people who involved in cleaning the 

roads. We used such type of materials for manufacturing of 

road cleaning machine finally. We have observed that all the 

components are with in safe limit in the manually operated 

road cleaning machine. Thus, Eco friendly environment can 

be obtained by the Modern cleaning vehicle because of the 

harmless energy sources.   

While cleaning the roads with the machine, the roads and 

surfaces were differ from various seasons according to the 

change in weather conditions we were trying the equipment 

to be adjustable for multipurpose, where the height, contact of 

surface are taken into consideration for smooth function of 

machine and the large output that is to be connected to the 

cycle . The roller brushes place a crucial role in cleaning the 

roads in this machine, the brushes are made up of abrasive 

material which can resist high temperature and has high 

hardness and less wear and tear.  

 

II. LITERATURE 

REVIEW 

As the part of literature survey under the area of Static 

structural analysis on Body frame of Road Cleaner consisting 

of pedals for easy movement. Many research articles, 

conference papers, books and some research papers are 

referred, and the outcome of those research are discussed in 

detail as given below. In the recent years it is being observed 

that, Alloys materials structures are gaining good attention in 

the fields of automotive industry, aerospace and marine fields 

due to inherent properties like high stiffness to weight ratio, 

corrosion resistance, crash energy absorption, load bearing 

capacity etc. 

Mohammad Kashif Shaikh Ghaffar (Et al) [01], [2018] 

clarified the plan and manufacture of cycle worked street 

cleaning machine with the connected hunt is thought of. They 

had announced that the task research works with an effective 

floor cleaning with clearing and wiping activities. They had 

presumed that there are sure restrictions in floor cleaning 

machines which can be worked upon. Cleaning machines are 

made with a mean to clean just dry surface of the floor and the 

machine can eliminate the residue in summer season and 

furthermore it can eliminate and clean the earth, water from 

floor in blustery season.In order to reduce the physical stress 

of workers the machine Is very usefull and covers more area 

in less time  

Vivek Pal (Et al) [02].  – [2019] Planned and created that 

there is still a ton of endeavors are executed to clean the street 

for its upkeep. Additionally, a few group are flippant. They 

through coverings, plastic jugs, squander on streets. At the 

point when upkeep of street is to be done, a few laborers 

particularly ladies are designated to clear the street. They 

clean the street ordinarily like clearing. While clearing, there 

is more shot at spreading of air borne sicknesses and Present 

cleaning measure renders weariness to the hand and even it 

makes harm the shoulder. They reasoned that the plan of 
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machine would replaces and diminish the endeavours of 

individuals.  

V.Kalaiselvan (Et al) [03] - [2018] Clarified the basic 

components utilized in the framework makes the vehicle 

simpler for activity. The machine will defeat the human 

exertion. They are worked through "Scotch burden 

instrument" with the assistance of the system, the rotational 

movement can be effortlessly changed over into responding 

movement. By utilizing this instrument, the waste particles 

present external the track path can likewise be adequately 

eliminated.  

Dhananjay Kudche (Et al ) [04]. – [2018] The creators has 

been planned the street cleaner foster a machine which will 

supportive for sweepers to gather waste and residue easily. 

They have seen that every one of the segments are with in safe 

breaking point in the physically worked street cleaning 

machine. They centred to foster a machine which ought to be 

worked physically that would clean the streets. At last, the 

creators reasoned those different applications are utilized with 

the plan of this machine.  

Saravanan N (Et al) [ 05]. - [2020] They planned the floor 

cleaning machine is exceptionally minimal as contrast with 

other cleaning machine which are accessible on the lookout 

however has an alluring plan and high solidness. There are 

sure limits in floor cleaning machines which can be worked 

upon and furthermore while testing of machine, that the 

cleaning is less successful where the street is by all accounts 

exceptionally unpleasant and harmed.  

S. Eswaran (Et al) [06].  – [2020] Their undertaking points 

guarantees a spotless climate by giving equally cleaned streets 

in towns and urban areas. This additionally implies less 

measure of residue in the encompassing, they likewise 

associated engine drives for cleaning roller and the going 

system to understand the programmed cleaning and reusing of 

trash. They presumed that the undertaking guarantees a 

perfect climate by giving uniformly cleaned streets in towns 

and urban communities are accomplished by this machine. 

Praveen H (Et al) [07]. – [2018] Planned and fostered a 

double wheel street cleaning machine that would cleans the 

residue and soil by the roller brushes. They additionally 

expressed that the wheels are moved for an ideal situation 

with an assistance of manual power which can deal with is 

given to move. They further portrayed handle can be adapted 

to a necessary tallness and gave three changing openings to it. 

Subsequently the creators reasoned that with the assistance of 

manual power the machine would push ahead which upgrades 

the turn of roller brushes work that would gathers the residue 

and the exertion applied for the pushing is less when 

contrasted with the physically clearing.  

M. Adil Arshad (Et al) [08].  – [2018]: Plan and creation 

of cycle worked street cleaning machine with the connected 

hunt is thought of. They had announced that the task research 

works with an effective floor cleaning with clearing and 

wiping activities. They had reasoned that there are sure 

impediments in floor cleaning machines which can be worked 

upon. Cleaning machines are made with a mean to clean just 

dry surface of the floor and the machine can eliminate the 

residue in summer season and furthermore it can eliminate 

and clean the earth, water from floor in blustery season. 

N. Kapilan Kumar (et al)- [9] [2015]  :"Plan and 

Investigation of Manually Operated Floor Cleaning 

Machine"- The creators has been planned and investigated 

physically worked floor cleaning machine. From his 

examination he finished up the anxiety in the physically 

worked machine is inside as far as possible.  

Sandeep. J. Mesh ram (et al ) [10] -. [2016] "Plan 

furthermore, Development of Tricycle Operated Street 

Cleaning Machine" – He has fostered the road cleaning 

machine by tricycle worked. In this examination article he 

outlined a model particularly for provincial region. He 

inferred that the cleaning is less powerful where the road is by 

all accounts very unpleasant and harmed. 

Ali Kiapey (et al ) [11]  –[2014] : The author developed a 

farm truck of tractor automobile with using fossil fuels ,he 

plans for more development of the machine and made 

complete automation of machine and the machine he 

developed id about 45% efficiency and it is of high cost and 

maintenance .So he plans for further development of the 

machine in the manufacturing without high cost. 

Abhishek Chakraborty, Ashutosh Bansal [12]  –[2013] : 

Experimented work for cleaning with the disc arranged to the 

motor by the emerging technologies of the machine. He 

studies that the emerging technologies would cause reduce the 

dust in the roads and streets which would a present 

progressing Technology. He resulted that the machine is not 

produced sufficient results for cleaning by using disc using 

residue collector. 

1. METHODOLOGY 

In this design process the major methodology for working of 

this machine is briefly explained with the dramatic figure 

given below. While moving of the vehicle the brush follows 

the following method. 

A.  Methodology   

In this project the different mechanism which are used are as 

follows  

1. Roller mechanism  

2.Belt and pulley mechanism 

3.Conveyer belt mechanism 

 

B. Roller mechanism  

In our project a broomer is connected to a roller which is 

operated with the help of electric motor. The rolling force 

help the dust particles to move to the collector the lighter 

particles are directly connected to the secondary collector 

and the heaver particle are transfer to the conveyer belt and 

they are transfer to the primary collector. 

 
Fig 3.1 Roller mechanism 

The broomer brushes are in directly contact with the dust 

particles when the roller rotates the force experienced by 

the roller is in forward direction hence it applies force on 

the dust particles in backward    direction which is governed 
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by the newton third law. The brushes are also in 

compression while they are in contact with the ground so 

when they are released, they exert an upward thrust on the 

dust Particles which help them to be collected in the dust 

collector chamber.  

C. Belt and pulley  

Our project uses cross belt mechanism to drive broomer and 

conveyer belt. the power is directly transferred to the broomer 

via spur gear with the gear ratio. Then a belt and pulley 

arrangement transfer the power to the conveyor belt and 

conveyor pulley is connected to the secondary collecting 

chamber.  

D. Conveyer Belt Drives 

Conveyor belts are arranged to the angle of inclined so that 

dust easily collect in the collecting chamber. Conveyer belt 

are rotating with the help of cross belt drive which is operated 

by external force operated mechanism for transmission of 

power. 

III. DESIGN AND 

MODELLING 

Design and modelling of the vehicle that is Eco-Friendly 

Road cleaner is primarily designed and analyzed by the 

following necessary steps given below, where these steps 

make the complete outlet of vehicle with the necessary 

dimensions. 

A.  Procedure for Design of Road Cleaning Machine 

(a). Open CATIA V5 Software 

(b). Go to Mechanical design and part design. 

(c). Draw the front part of cleaning machine frame by using 

line, circle ,arc ,polyline ,rectangle ,trim etc.. With the 

dimensions given in table. 

(d). Repeat the same procedure for rear end i.e.. Cycle too as 

shown in figures below in the part design. 

(e). Go assembly and import all drawings in one part design 

f). Using different constraints like surface constraint, offset, 

Poly-array, mirror, Update commands etc. Make them a set. 

B.  Design Considerations 

  The design is performed using CATIA V5 software with 

required dimensions.  

   Main Dimensions of Design are: 

   Diameter of circle where load acting =25mm, 

   Length of load rod (Lr) = 253.854mm,  

  Distance between front wheels and rear wheel=415mm 

   Distance between two wheels in front end = 280mm 

   Diameter of Handle rib (rod) = 25mm 

Diameter of Big Sprocket = 180mm,  

Diameter of small sprocket = 60mm  

 

Fig.: 4.1 Model Frame of vehicle. 

C.  Design and Assembly of Individual parts 

The Individual parts of Tires, rim and frame are imported 

from part design into assemble window. Using various tools 

and constraints the front part is assembled as follows. 

 
Fig.: 4.2 Assembly of individual parts 

 
Fig.: 4.3 Overall Layout of vehicle 

D.  Design and Assembly of Sprockets and Chain 

For the functionality purpose and the movement of vehicle the 

sprocket and chain are the main components. By using the 

various commands like pad, offset, fillet, polar array, pocket, 

rib etc.          

 
Fig: 4.4 Design and Assembly of Sprocket and Chain 

 

E.  Assembly of all Individual Parts to the Vehicle 

Individual designs from the Part designs are imported to the 

assembly design for total outlet ofthe vehicle. The parts are 

assembled by using existing command in software and made 

the dimensions of the assembly drawing. 
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Fig.: 4.5 Complete Design and Assembly of Eco-friendly Vehicle. 

 

CONCLUSION & FUTURE SCOPE 

The physically worked eco-accommodating Street and floor 

cleaner is effectively planned, Designed and analyzed. This 

task works executes the physically worked eco amicable street 

cleaner for street cleaning that lessening the expense, human 

endeavors just as time. It is the best option for computerized 

street cleaning machine during power emergency. It is tracked 

down that the current street cleaning machines works with a 

human straightforward exertion. Manual cleaning may cause 

shoulder issue because of persistent clearing.  

The physically worked street cleaning machine is elective 

idea for staying away from such issues. It works productively 

regarding covering region. It is exceptionally prudent to 

utilize. The physically worked eco-accommodating street and 

floor cleaner can work proficiently with deference to covering 

region, time and cost of street cleaning measure contrasted 

and the current hardware.  

Utilizing this Simplified Road Cleaning Machine with 

Modified Technology, Suitable for Indian Conditions, in view 

of its unwavering quality and superfluity. Because of all out 

cost of the framework is extremely low and just one time 

speculation must be made for lessening work charges. It will 

lessen human endeavours definitely and exceptionally 

accommodating to clean streets even in rush hour gridlock.  

As fuel is a non-renewable resource, we have to reserve fuels 

for future usage. We can reduce the fuel usage with this 

bicycle because of their light in weight and no need of any 

fossil fuels. Structural Steel using in the manufacturing of the 

automobile parts is a quite good replacement for conventional 

materials.  
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Abstract— This article presents the effects of alkali 

treatment (NaOH) on the mechanical properties of natural fiber 

reinforced polyester composites. In the current study, composite 

specimens are prepared using treated and untreated jute fiber and 

teak wood powder as reinforcement phase and polyester resin as a 

matrix through hand layup technique as per the ASTM D256M and 

ASTM D638M standards. The fabricated specimen was subjected 

to tensile and impact for both treated and untreated.  The 

mechanical properties were analyzed through load-displacement 

curves. The mechanical properties increased with increasing fiber 

content. Further, the densities of composites were decreased with 

increasing fiber content. The fracture surface analysis on the 

failure region was studied through scanning electron microscopy 

(SEM) and the nature of the failure was reported. 

I. INTRODUCTION 

In the present era, the natural fiber-reinforced composite is a 

key subject to many researchers, academicians, and scientists. 

Over the past, so many decades, different kinds of research were 

conducted to create novel natural fiber-reinforced polymer 

composites with superior mechanical characteristics [1]. This 

natural fiber-reinforced polymer composite material has huge 

potential to replaceable synthetic materials [2-4].  Now the major 

research has been focusing on those polymer matrices reinforced 

with various wood fillers.  

The addition of wood particulate enhances the numerous 

features of polymer composites [5, 6]. The wood powder fillers 

are sufficiently available and it is cost-effective in the utilization 

of polymer composites as referred to as fillers like nano-clays, 

carbon nanotubes, and various inorganic fillers. The utilization of 

filler improves the mechanical properties of composites. The 

high-density polyethylene (HDPE) was loaded with Pinecone 

filler at various wt% like 5, 10, 15, and 20%. The experimental 

results exploit that the 10% addition of filler boosted the 

mechanical properties of composite as well its elastic and flexural 

modulus [7].  

The sal and teak wood powders are used to fabricate hybrid 

epoxy composites with a distinct composition by keeping the 

composition of reinforcement within the matrix around 33%. 

This study reveals that the equal quantity powder reinforced 

composites have better tensile, flexural, and impact strength, and 

also it is also noticed that the inclusion of both powders reduces 

the water absorption [8]. The hardness was improved by 

reinforcing Fagus Orientalis wood flour in high-density 

polyethylene. The particle size of filler has a significant effect on 

the hardness of composites. The increase in the size of particulate 

reduces the hardness of the composite. On the other hand, 50% 

of retainment in mechanical properties was noticed and there is a 

slight decline in impact strength at an elevated proportion of 

reinforcement [9]. The jute fiber reinforced epoxies composite is 

fabricated by using Calotropis gigantean filler with various 

weight percentages and tested for mechanical characterizations. 

From the results, 10 wt% of filler composite laminates show 

excellent tensile, flexibility, and compression strength [10]. 

Chemically transformed powder fillers augment the thermal and 

mechanical qualities of polymer composites. The incorporation 

of alkali-treated Portunus sanguinolentus shell powder filler 

results in the enhancement of mechanical properties of 

composites [11]. The polyester -banana fiber laminates were 

loaded with nano green gram husk filler with various wt. % 

reinforcements. Among the all fabricated composites, the 5% 

nano green gram husk filler made known the addition of 

nanofiller improve the strength of laminate [12]. Spent Camellia 

sinensis kernel and Azadirachta indica kernel flours are utilized 

as a filler material for the fabrication of jute epoxy laminates. The 

test results of laminates testimony that morphological and 

physical characteristics of filler have a crucial part in the thermo-

mechanical behavior of composites [13].  

The banana fiber-based polyester hybrid composites were 

fabricated by using red mud filler to rise in vibration, chemical, 

and physical properties of the composite [14]. The results of clean 

and hybrid composites are fabricated from jute and coir fibers 

were tested for their mechanical and swelling characteristics. The 

results illustrated that coir-jute fibers utilization pick up size 

constancy and superior mechanical strength [15].  

From the wide range of literature reviews, it was established 

that there are a few reports that were practically narrated to bio 

fillers and that too very little work related to teak wood powder 

as fillers in the polyester composites. In the present work, 

polystyrene was chosen as a matrix, jute fibers as reinforcements, 

and teak wood particulates as filler. The hand layup procedure is 

opted to make up the composites. The fabricated composite 

laminate was examined for mechanical characteristics. The 

fractography, destitute, teak powder disbursement qualities of the 

formed composites were researched by using SEM.. 

II. MATERIALS AND METHODS 

The materials were used to prepare the specimens are teak wood 

powder, Jute fibre, and polyester resin. To improve the bonding 

strength between fiber and matrix heat treatment was conducted 

for jute fibre and teak wood powder.  

 

The impact and tensile properties of the composite, the 

specimens are prepared according to ASTM D256, ASTM D638 

standard by using hand lay-up technique with different weight 

ratios as shown in table 1. 
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Table.1 Composite specimen Preparation weight Percentages 

 
The tensile experiments are conducted on universal testing 

machine with transfer speed of 2 mm/min and the impact 

study was conducted izod impact testing machine.  

 
 

 
 

 
 

 
 

 
 

 
Fig.1 (a) Jute fiber, (b) Teak wood powder, (c) Chemical treatment, (d) 

Mould preparation, (e) Specimen for impact test (f) Specimen for tensile 

test 

 

RESULTS AND DISCUSSIONS 

The chemical treatment effect on composites 

specimens shows an important role in the tensile behavior of 

polyester composites and it was gradually increased with 

increase with reinforcement phase. The higher tensile load-

bearing capacity was recorded for the T5 specimen because of 

its excellent bonding strength and combination of fiber and teak 

wood powder.  In maximum cases the specimen shows high-

level strength after chemical treatment because of surface 

roughness of fiber enhances the superior bonding strength, and 

it is observed from scanning electronic micrographs. The 

composite samples are exhibited lower level displacement with 

irrespective load and chemical treatment. The diminished tensile 

strength and bearing capacity are noted in the T3 sample. Figure 

3 shows the load versus displacement curves for a better 

understanding of the mechanical behavior of polyester 

composites. 
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Fig.3 Tensile Behaviour of Composite Specimens 

 

Figure 5 shows the impact strength of polyester composites. 

The impact strength was significantly enhanced through 

alkaline treatment of polyester composite. After chemical 

treatment, the impact strength of composite increased due to 

the roughness on the surface of fiber which affects the impact 

strength. The maximum impact strength is observed at the 

T6 specimen due to the presence of teak wood powder and 

bonding strength jute fiber insufficient level. The specimen 

T1 has low impact strength due to it contains untreated fiber 

which has lower bonding strength among the fiber and 

matrix phase. It is clearly noticed that the impact strength of 

composite was enhanced with treatment of fiber as well teak 

wood powder. 

 

 
Fig.4 Tensile Behavior of Composite Specimens 

 

 
Fig.5. Impact strength of specimens 

 

Fracture analysis of polyester jute fiber-reinforced composites 

The fracture surface was examined through the scanning 

electron microscope micrographs of T1, T6 under tensile loading 

condition, This micrographs discloses the nature of the failure of 

the composite specimen. Fig 5a discloses the uniform teak wood 

powder distribution in the polyester matrix. The internal cracks 

were noticed from figure 5b due to tensile load and exhibit the 

brittle failure of the specimen. The fiber pulls out and de-

bonding is observed from the figure 5d for tensile specimen T6 

under tensile load. The fiber distribution is captured in figure 5c.  
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Fig 5. Sem Images of impact and Tensile samples 

CONCLUSION 

By the analysis, the following conclusions were stated 

In this work, the fiber-reinforced polyester hybrid 

composites were prepared as per ASTM standards. The jute 

fiber and teak wood powder are available abundantly in 

nature and offer low material density. The impact strength 

and tensile strength of the investigated material composite 

with the fiber and teak wood powder were found to be 

comparatively higher than the novel composite material. The 

density of the composite decreased with increasing fiber 

content or increasing teak wood powder. Thus, the hybrid 

composites were found to be light in weight and proposed 

better mechanical properties and insulating properties. The 

fracture surface was studied through the SEM images. 
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Abstract - Wire-cut electrical discharge machining (WEDM) is 

extensively used in machining of conductive materials producing 

intricate shapes with high accuracy. This study exhibits that 

WEDM process parameters can be altered to achieve betterment 

of surface roughness (SR). The objective of our project is to 

investigate and optimize the potential process parameters 

influencing the SR and Electrode Wear while machining of EN 

31 STEEL using WEDM process. This work involves study of the 

relation between the various input process parameters like 

pulse-on time(Ton), pulse off time(Toff), pulse peak current(IP), 

Wire material and work piece material and process variables. 

Based on the chosen input parameters and performance 

measures L-9 orthogonal array is selected to optimize the best 

suited values for machining for steel alloys by WEDM. 

Keywords:Wire-cut EDM process, EN 31 steel, surface roughness, 

Taguchi approach. 

I. INTRODUCTION 

Wire electro discharge machining (WEDM) is the process of 

material removal of electrically conductive materials using 

the thermo-electric source of energy. It is one of the most 

extended non-conventional machining processes. Wire-cut 

EDM is typically used to cut plates as thick as 300mm and to 

make tools, punches, and dies from hard metals that are 

difficult to machine with other methods. Wire electric 

discharge machining is based on material removal through a 

series of repetitive sparks between electrodes i. e, work piece 

and tool. In WEDM, material is removed from the work piece 

by a series of discrete sparks that occurs between the work 

piece and the wire separated by a flow of dielectric fluid, 

which is continuously supplied to the machining zone. The 

process uses a thin wire of diameter about 0.1-0.3 mm as tool 

and the work piece is mounted on a computer numeric-

controlled worktable. Complex two-dimensional shapes that 

can be cut on the work piece by controlled movement of the 

x-y worktable. Industry demands new materials showing high 

mechanical performance in terms of high strength-to-weight 

ratio, high toughness, and lower value of coefficient of 

thermal expansion.  

1.1 Influence of Process Parameters on Wire Cut EDM 

Process 

The main goal of WEDM manufacturers and users is to 

achieve a better stability of the process and higher 

productivity. As newer, more exotic materials are developed 

and more complex shapes are presented, conventional 

machining operations reach their limitations; hence the 

increased use of WEDM in manufacturing continues to grow 

at an accelerated rate. Wire electrical discharge machining 

manufacturers and user emphasize on achievement of higher 

machining productivity with a desired accuracy and surface 

finish. However, due to many variables even a highly skilled 

operator with a state-of the art WEDM is rarely able to 

achieve the optimal performance. The optimum utilization of 

the capacity of WEDM process requires proper selection of 

machining parameters. This part of literature review aims to 

investigate the effect of various process parameters on 

desirable output. WEDM is complex in nature and is 

controlled by large number of parameters. 

 

Fig :1 Working principle of WEDM 

II.     LITERATURE REVIEW 

S. B. Prajapati, N. S. Patel [1] evaluates the effect of Ton, 

Toff, voltage, wire feed and wire tension on MRR, SR, kerf, 

and gap current in Wire EDM. A series of experiments have 

been performed on AISI A2 tool steel in form of a square bar. 

Analysis of data optimization and performance is done by 

Response Surface Methodology (RSM). Atul J. Patel, Prof. 

Satyam Patel [2] used Taguchi L9 orthogonal array to find out 

effects on AISI 304 Stainless Steel of thickness 10 mm in 

Wire EDM. Input parameters such as Ton,Toff, wire tension 

and input power have been used to evaluate their influence on 

Surface Roughness and Material Removal Rate. 

Mathematical relations between input parameters and 

performance characteristics were established by the linear 

regression analysis method by using MINITAB software. Rao 

and Sarcar [3] studied the influence of optimal parameters on 

cutting speed, surface roughness, spark gap, and material 

removal rate (MRR). He evaluated the optimal parameters 

such as discharge current, voltage at rated wire speed and 

tension for brass electrode of size 5-80 mm. Mathematical 

relation was developed for cutting speed, spark gap and MRR. 

Effect of wire material on cutting criteria was also evaluated 

for brass work piece with four wires of different copper 

percentages. This study is useful for evaluating cutting time 

for any size of job and to set parameters for required surface 

finish for high accuracy of cutting. Mathematical relations are 

helpful for estimating cutting time, cost of machining, process 

planning and accuracy of cutting for any size of job within 

machine range. Results obtained are helpful for quantification 

of parameters for quality cuts. Also, results are useful in 

manufacturing wire EDM system for die and tool steel 

electrodes. The effect and optimization of machining 
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parameters on kerf and material removal rate (MRR) in 

WEDM operations is addressed in [4]. Experimental studies 

were conducted using different pulse duration, open circuit 

voltage, wire speed, and dielectric flushing pressure. 

Importance levels of parameters were analyzed using analysis 

of variance (ANOVA). The optimum machining parameter 

combination was obtained by using the analysis of signal-to-

noise (S/N) ratio. The variation of kerf and MRR with 

machining parameters is mathematically modelled by using 

regression analysis method. Objective of minimum kerf 

together with maximum MRR was performed. The 

experimental studies were performed on a Sodick 

A320D/EX21 WEDM machine tool. CuZn37 Master Brass 

wire with 0.25mm diameter was used in the experiments. As 

work piece material, AISI 4140 steel (DIN 42CrMo4) with 

200mm × 40mm × 10mm size was used [5]. The effect of 

process parameter like Ton, Toff, voltage, wire feed and wire 

tension on MRR, SR, Kerf and Gap current. Output 

parameters of wire EDM of AISI A2 tool steel are predicted 

by using artificial neural network. Taguchi method is used for 

design of experiment. The control factors considered for the 

study are Ton, Toff, bed speed and current. Three levels for 

each control factor were used. In [6], authors investigated the 

effect of voltage, dielectric pressure, pulse on-time and pulse 

off-time on spark gap of Ti6AL4V alloy. It has been found 

that pulse on time and pulse off time have the more impact on 

the spark gap. The minimum spark gap was obtained as 

0.040407mm. The WEDM experiments were conducted in 

electronic ultra-cut S1 machine using 0.25 mm brass wire as 

the tool electrode. ‘Pulse on time’, ‘pulse off time’, ‘voltage’ 

and ‘dielectric pressure’ are the four WEDM parameters that 

were selected for investigations. In this experimental study 

two level full factorial experiment is adopted because this 

gives all possible combinations of machine parameters. It can 

be noticed that corresponding to minimum value of pulse off 

time the spark gap decreases with increase in dielectric 

pressure, whereas the spark gap increases with increase in 

dielectric pressure corresponding to maximum value of pulse 

off time. 

Authors in [7] aimed to investigate the influence of feed rate 

on the performance of WEDM on Titanium Ti-Al-4V. Brass 

wire was employed as the electrode for the investigation. The 

best combination of machining parameter viz. machine feed 

rate (4 mm/min), wire speed (8 m/min), wire tension (1.4kg) 

and voltage (60V) were identified. The selection of 

parameters depends on the requirements based on a better 

surface roughness or a maximum material removal rate. 

Hence an appropriate combination of variables can be 

selected accordingly. Furthermore, this combination can 

contribute to increase production rates perceptibly by 

reducing machining time. The outcome of this study will help 

in improving the quality of Titanium Ti-6Al-4V products as 

well as minimizing the machining cost to realize the economic 

potential to the fullest. Lodhi et al [8] investigated effect of 

parameter on machining of AISI D3 steel through wire cut 

EDM. The machining parameters selected are pulse-on-time, 

pulse-off-time, peak current, and wire feed. An orthogonal 

array, the signal-to-noise (S/N) ratio, and the analysis of 

variance (ANOVA) were employed to the study the surface 

roughness in the WEDM of AISI D3 Steel. It was observed 

that the discharge current was the most influential factors on 

the surface roughness. It was identified that the pulse on time 

and current have influenced more than the other parameters 

considered in this study. The conformation experiment has 

been conducted. Result shows that the error associated with 

SR is only 3.042 %. G. Selvakumar et al [9] investigated 

effect of parameter on machining of 5083 aluminum alloy 

through wire cut EDM. Based on the Taguchi experimental 

design (L9 orthogonal array) method, a series of experiments 

were performed by considering pulse-on time, pulse-off time, 

peak current and wire tension as input parameters. The surface 

roughness and cutting speed were considered responses. 

ANOVA test was performed to determine the level of 

significance of the parameters on the cutting speed and 

surface roughness. ANOVA revealed that the CS was 

independent on wire tension and Ra was independent on 

pulse-off time and wire tension. An optimum parameter 

combination for the minimum Ra and the maximum CS was 

obtained by the analysis of signal-to- noise (S/N) ratio. Pratik 

A. Patil et al [10] investigated effect of parameter on 

machining of AISI D2 cold work steel through wire cut EDM. 

This research deals with Response Surface Methodology 

approach for maximizing the material removal rate in wire 

electrical discharge machining. The investigated machining 

parameters were wire tension, pulse on time and peak current. 

After the experimentation, the effect of the parameters on 

MRR was determined by analysis of variance. From the 

investigation work MRR increases as the peak current 

increases. Also, the wire tension and pulse on time influences 

the MRR, but to a smaller extent.  

III.ATERIALS AND METHODS 

Due to the different melting point, evaporation and thermal 

conductivity, different materials show different surface 

quality and MRR at the same conditions of machining.EN 31 

STEEL is  the work piece  material  which  is used  in  this  

experiment. TheEN 31 steel of 125mm x 100mm x 3mm size 

has been used as a work piece material and a profile of 5mm 

x 5mm x 2mm has been cut with the wire(Brass and Brass 

coated Nickel) traversing the through the kerf made and the 

performance analysis of output parameters with respect to 

input parameters is measured. 

IV.EXPERIMENTAL SETUP 

The experiments were carried out on a wire cut EDM machine 

(ELEKTRA SPRINTCUT 734).The WEDM machine tool 

has the following specifications. 

 Experiments have been performed to investigate the 

effects of one or more factors of the process 

parameters on the surface finish of the wire cut 

machined surface. 

 The main aim of the project is to determine the 

influence of time on, time off, wire feed and input 

power. The investigation is based on surface 

roughness during machining of EN 31 steel. 

 

V.PROCESS PARAMETERS AND DESIGN 

Input process parameters such as Pulse On time (TON), Pulse 

Off time (TOFF), Peak Current (IP), used in this thesis are 

shown in Table. Each factor is investigated at three levels to 
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determine the optimum settings for the WEDM process. Wire 

feed is 3m/min, Wire Tension is 7 Kgf and Servo Feed is kept 

constant at 2.1m/min. 

The selection of parameters for experimentation is done as per 

taguchi design. An orthogonal array for three controllable 

parameters is used to construct the matrix of three levels of 

controllable factors. The L9 orthogonal array contains 9 

experimental runs at various combinations of three input 

variables. 

 

Table 1: Experimental parameters. 

 

 
Fig. 2: WEDM machine. 

 
Fig. 3: Cutting process. 

 
Fig. 4: Final work piece. 

VII.SURFACE FINISH RESULTS 

In this project most important output performances in WEDM 

such as Surface Roughness (Ra) is considered for optimizing 

machining parameters. The surface finish value (in μm) was 

obtained by measuring the mean absolute deviation, Ra 

(surface roughness) from the average surface level using a 

computer controlled surface roughness tester. Surface Finish 

Tester – Model Surtronic 3+, Rank Taylor Hobson Ltd., Made 

in England which is periodically calibrated using Reference 

Specimen Type 112/1534. Lab Temperature 20 ±200C. 

Table 2: Surface finishing values for each piece. 

 

VI.AGUCHI TECHNIQUE 

Taguchi defines Quality Level of a product as the Total Loss 

incurred by society due to failure of a product to perform as 

desired when it deviates from the delivered target 

performance levels. 

This includes costs associated with poor performance, 

operating costs (which changes as a product ages) and any 

added expenses due to harmful side effects of the product in 

use. 

Taguchi Methods 

 Help companies to perform the Quality Fix! 

 Quality problems are due to Noises in the product or 

process system 

 Noise is any undesirable effect that increases 

variability 

 Conduct extensive Problem Analyses 

 Employ Inter-disciplinary Teams 

 Perform Designed Experimental Analyses 

 Evaluate Experiments using ANOVA and Signal-to 

noise techniques 

The Experimental results show the effect of three process 

parameters surface roughness. 

 

Table 3:   Response for S/N Ratios. 
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Fig. 5: Effect of parameters surface roughness for S/N ratio. 

 

CONCLUSION 

The objective of the present work is to investigate the effects 

of the various Wire cut EDM process parameters on the 

machining quality and obtain the optimal sets of process 

parameters so that the quality of machined parts can be 

optimized. Experiments are conducted on the pieces varying 

parameters. The materials used for machining are nickel alloy. 

The process parameters considered are Ton, Toff, and IP. The 

range of values varied are Time on – 116µsec, 123 µsec and 

128 µsec, Time off – 52µsec, 54µsec, 56 µsec, Input current 

–210 amp, 220 amp, 230 amp. Wire feed, wire tension and 

servo voltage are kept constant. The optimization is done by 

using TAGUCHI technique by considering L9 orthogonal 

array. Finally, the optimal process parameter combination 

obtained at Ton-116µsec, Toff- 56 µsec, and IP-230amp for 

maximum surface finish values.  
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Abstract- Gears are the most important component in a 

power transmission system. Advances in engineering 

technology in recent years have brought demands for gear 

teeth, which can operate at ever increasing load capacities 

and speeds. The gears generally fail when tooth stress 

exceeds the safe limit. Therefore it is essential to explore 

alternate gear material. The important considerations while 

selecting a gear material is the ability of the gear material 

to withstand high frictional temperature and less abrasive 

wear. Weight, manufacturability and cost are also 

important factors those are need to be considered during 

the design phase. Moreover, the gear must have enough 

thermal storage capacity to prevent distortion or cracking 

from thermal stress until the heat can be dissipated. It must 

have well anti-fade characteristics i.e. their effectiveness 

should not decrease with constant prolonged application 

and should have well anti-wear properties. 

The main objective of this project is to developed 

parametric model of differential Gearbox by using CATIA-

V5 under various design stages. It is observed that 

composite material is best material for differential gearbox 

and is found to suitable for different revolutions (2500 rpm, 

5000 rpm and 7500 rpm) under static loading conditions. 

Comparisons of various stress and strain results using 

ANSYS-19.2 with Glass filled polyamide composite and 

metallic materials (Aluminium alloy, Alloy Steel and Cast 

Iron) are also being performed and found to be lower for 

composite material. 

 

I.  INTRODUCTION 

Gearboxes are used in almost every industry right 

from power to marine, and also include agriculture, 

textile, automobiles, aerospace, shipping etc. There 

are different types of gearboxes available for varying 

uses. These gearboxes are constructed from a variety 

of materials depending on their end use and the kind 

of industry they are being used in. The product has 

numerous industrial applications for providing high 

torque and smooth speed reductions. These gearboxes 

are also manufactured keeping certain specifications 

in mind, which will also vary depending on the 

application. 

 The upcoming requirement of power saving and efficiency 

of mechanical parts during the past few years increased the 

use of composite materials. Moreover the use of composite 

materials have also increased due to their properties such as 

weight reduction property with enough strength , high 

specific stiffness, corrosion free, ability to produce complex 

shapes, high specific strength, high impact energy absorption 

and many more. Product development has changed from the 

traditional serial process of design, followed by prototype 

testing and manufacturing but to more on computer aids. 

CAE (Computer Aided Engineering) has greatly influenced. 

The chain of processes between the initial design and the 

final realization of a product. CAE software helps in product 

designing, 3-D visualization, analysis, simulation and 

impacted a lot on time and cost saving to the industry. A Gear 

box is one of the important mechanical components of 

transmission system used in variety of machines. Differential 

Gear box increases effective weight of vehicle which in turn 

directly affects the performance and efficiency of the 

vehicle. So there is a requirement to make light and effective 

gears. Therefore, in the present work composite materials are 

used to make light weight gears in order to perform such duty 

efficiently. 

A. Importance of differential gear box 

 A differential is a device, usually but not necessarily 

employing gears, capable of transmitting torque and rotation 

through three shafts, almost always used in one of two ways: 

in one way, it receives one input and provides two outputs 

this is found in most automobiles and in the other way, it 

combines two inputs to create an output that is the sum, 

difference, or average, of the inputs. In automobiles and 

other wheeled vehicles, the differential allows each of the 

driving road wheels to rotate at different speeds, while for 

most vehicles supplying equal torque to each of them. A 

vehicle's wheels rotate at different speeds, mainly when 

turning corners. The differential is designed to drive a pair of 

wheels with equal torque while allowing them to rotate at 

different speeds. In vehicles without a differential, such as 

karts, both driving wheels are forced to rotate at the same 

speed, usually on a common axle driven by a simple chain-

drive mechanism. When cornering, the inner wheel needs to 

travel a shorter distance than the outer wheel, so with no 

differential, the result is the inner wheel spinning and/or the 

outer wheel dragging, and this results in difficult and 

unpredictable handling, damage to tires and roads, and strain 

on (or possible failure of) the entire drive train. 

B. Definition 

● A gearbox, also known as a gear case or gearhead, is 

a gear or a hydraulic system responsible for 

transmitting mechanical power from a prime mover 

(an engine or electric motor) into some form of useful 

output. It is referred to the metal casing in which a 

number of gears are sealed. 

● A gearbox is also a set of gears for transmitting power 

from one rotating shaft to another. They are used in a 

wide range of industrial, automotive and home 

machinery application. 

● Gearheads are available in different sizes, capacities 

and speed ratios. Their main function is to convert the 

input provided by an electric motor into an output of 

lower RPM and higher torque. 

C. Functions of Gear box 

● A gearbox is precisely bored to control gear and 

shaft alignment. 

● It is used as a housing/container for gear oil. 
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● It is a metal casing for protecting gears and 

lubricant from water, dust and other  

D. Transmission system 

There are three types of transmission system. 

● Manual Transmission System 

● Automatic Transmission System 

● Semi-automatic Transmission System 

E. Manual Transmission 

A manual transmission is often referred to as a stick shift 

or standard transmission, essentially used in the 

automobile industry. This type of transmission features 

gear ratios that are selected by engaging pairs of gears 

inside the transmission. 

 
Figure 1: manual transmission 

Types of Manual Transmission 

Synchronized Systems: This type of transmission system 

or gearbox does not require synchronization with the 

driver while changing gears. 

Unsynchronized Systems: This type of transmission 

system or gearbox allows free spinning of gears with 

their relative speeds synchronized by the driver for 

avoiding clashing and grinding of gears. 

Types of Gearbox Available 

There are different types of gearbox available and with 

different mountings. Some of them are: 

● Floor Mounted Shifter 

● Column Mounted Shifter 

● Sequential Manual Shifter 

Advantages of a Manual Transmission System 

● Cheaper than the automatic transmission 

system. 

● Better fuel economy than other transmission 

systems. 

● Requires low maintenance. 

● Does not require active cooling. 

F. Automatic Transmission 

● Automatic transmission is a type of gearbox, 

especially used in the automobile industry for 

changing gear ratios automatically. It does not 

require manual shifting of gears. The gearbox 

has a set of selected gear range. 

● The system is hydraulically operated and makes 

use of a torque converter and a set of planetary 

gears. 

 

Figure 2: Automatic transmission 

Parts of an Automatic Transmission System 

An automatic transmission consists of the following parts: 

● Torque Converter: It is a device connecting engine and 

transmission. The instrument takes place of a 

mechanical clutch, allowing the engine to remain 

running. A torque converter that provides a variable 

amount of torque multiplication at low engine speeds. 

● Planetary Gearbox Set: The bands and clutches of this 

gear set are actuated with the help of hydraulic servos 

controlled by the valve body, thereby providing two or 

more gear ratios. 

● Valve Body: The system receives pressurized fluid 

from a main pump operated torque converter. The 

pressure coming from this pump is regulated and used 

to run a network of spring-loaded valves, check balls 

and servo pistons. The valves make use of pump 

pressure and the pressure from a centrifugal controller 

on the output side. 

G. Semi-Automatic Transmission 

● Semi-automatic transmission is a system that makes 

use of electronic sensors, processors and actuators for 

gear shifting. The system removes the need of a clutch 

pedal required for gear changing. This system is widely 

used in the automobile industry. 

 
Figure 3: semi-automatic transmission 

Types of Semi-Automatic Transmission 

● Direct Shift Gearbox 

● Dual Clutch Gearbox 

The system allows for only forward and backward shift 

into higher and lower gears. It  does  not  make  use  of  

the  traditional  H-pattern,  normally  used  in 

automobiles. The system is also equipped with sensors 

that sense the direction of the shift. The input combines 

with the sensor placed in the gearbox and senses the 

current speed and selected gear. The unit also determines 

the torque required for smooth functioning. The system 

also reduces fuel consumption significantly. 

Gearbox Specifications 
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II. GEARBOX SPECIFICATIONS 

There are a number of performance specifications 

which must be considered while choosing a gearbox for 

different industrial application. 

Some of the important specifications are: 

● Gear ratio: The ratio may be specified as x: 1, 

where x is an integer. 

● Output torque 

● Maximum input power 

● Maximum input speed 

● Gearing arrangement 

● Reducer output 

● Shaft Alignment 

A. About Gear Ratio 

The gear ratios can be defined as the relationship between 

the number of teeth on two different gears meshed 

together or the circumference of two pulleys connected 

with a drive belt. 

Generally the number of teeth on a gear is also 

proportional to the circumference of the gear wheel, so 

the bigger the wheel, the more teeth it has. Therefore the 

gear ratio can also be explained as the relationship 

between the circumferences of both wheels. 

B. Explanation of the Term 

The concept of gear ratio can be well explained with the 

help of an example as follows: 

Suppose a smaller gear has 12 teeth, while the larger gear 

has 24 teeth. Therefore the gear ratios between the 

smaller and the larger teeth are 12/24 or 1:2 

The first number in the ratio is generally the gear that 

power is applied to. The ratio also means that for one 

revolution of the smaller gear, the larger gear has made 

1/2 or 0.50 revolutions. This further implies that the 

larger gear turns slowly as compared to the smaller one. 

III. GEAR BOX 

A. Gearbox Glossary 

● ANSI: American National Standards Institute. 

● Addendum: It can be defined as the radial or 

perpendicular distance between the pitch circle 

and the top of the teeth. 

● Alignment: Accurate alignment of shafts on which 

gears are mounted is an important factor in gear life 

and performance. Shafts are set parallel in spur and 

helical gearboxes, and perpendicular in most bevel 

and worm gearboxes. Dis-alignment of shafts could 

lead to premature gear failure or other performance 

issues including noise. 

● Brinell hardness number (BHN): It is a measure of 

the hardness of a material such as steel. 

● Backlash: It is the extent by which the width of a tooth 

space exceeds the thickness of the engaging tooth on 

the pitch circles. 

● Backlash Variation: It can be defined as the 

difference between maximum and minimum backlash 

occurring in a complete revolution of the largest of a 

pair of mating gears. 

● Bevel Gears: These are conical shaped gears designed 

to operate on intersecting axes. In most gearboxes the 

shafts will intersect at a 90o angle. Straight bevel 

gears and spiral bevel gears are the two common 

types. 

● Bore: It is the diameter of the hole in a sprocket, gear, 

bushing, etc. 

● Bottom Diameter: Also known as a root diameter, it 

is the diameter of a circle measured across the 

bottoms of opposite tooth spaces. 

● Bull Gear: A bull gear is the larger gear in two or 

more gear set, the smaller one, known as a pinion. 

● Burning: Cutting a steel plate with the help of a torch. 

● Bushing: A mechanical device/tool used for 

mounting a sprocket or gear on a shaft. 

● CD: Centre Distance. 

● CP: Circular Pitch. 

● Distance (CD): It is the shortest distance between 

non-intersecting axes of engaged gears. 

● Circular Pitch (CP): It is the distance along the pitch 

line between corresponding profiles of adjacent teeth. 

● Circular Thickness: It is the thickness of the tooth on 

the pitch circle. 

● Coupling Sprockets, Chains, and Covers: A product 

line used for connecting two non- continuous shaft 

ends. 

● DP: Diametral Pitch. 

● Dedendum (DED): It is the radial or perpendicular 

distance between the pitch circle and the bottom of 

the gullet. 

● Diametral Pitch (DP): It is the ratio of the number of 

teeth to the number of inches in the pitch diameter. 

B. Gearbox Materials 

A range of gearboxes are constructed from a variety of 

materials depending on the industry or the product in which 

they are being used for. Finest quality materials are used to 

manufacture gearboxes for ensuring reliability, ease of 

maintenance and long life. The specialty gearboxes 

materials undergo vibration and endurance test to ensure 

that the end product is of premium quality. 

● Aluminum Gearbox 

● Cast Iron Gearbox 

● Bronze Iron Gearbox 

● Stainless steel Gearbox 

C. Types of Gearbox 

A variety of gearboxes are manufactured from different 

superior quality materials and with different performance 

specifications depending on their industrial application. 

These gearboxes are available in a range of capacities, sizes 

and speed ratios, but the main function is to convert the 

input of a prime mover into an output with high torque and 

low RPM. A variety of gearbox find application in a large 

number of industries including agriculture, aerospace and 

mining, paper and pulp industry. 

Some of the popular types of gear boxes in use are 

as follows: 

● Bevel Gearbox 

● Helical Gearbox 

● Planetary Gearbox 

● Sequential Gearbox 

● Spiral Bevel Gearbox 

● Worm Reduction Gearbox 

● Cycloidal Gearbox 
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● Offset Gearbox 

● Right Angle Bevel Gearbox 

● Shaft Mounted Gearbox 

● Worm Gearbox 

● Crane duty gear box 

Simple Differential Gearbox 

D. Simple differential Gear box 

 
Figure 4: simple differential gear box 

IV. INTRODUCTION OF SIMPLE DIFFERENTIAL 

GEAR BOX 

Bevel gearboxes are special speed reducers with their 

shafts lying perpendicular to each other and therefore 

used mainly in right-angle applications. The gearbox is a 

kind of right angle gear and is suitable for a right angle 

solution with a low ratio. These gearboxes save more 

energy as compared to worm gears and are available in 

varying gear ratios. 

A. Materials Used: 

These gearboxes are constructed from a variety of 

materials. Some of the popularly used materials are 

● Cast Iron 

● Aluminum Alloy 

● Steel 

The ratio of a bevel gearbox can be determined by 

dividing the number of teeth in the larger gear by the 

number of teeth in the smaller one. These gearboxes 

generate varying level of torque and can also be 

customized to suit individual requirements. 

3  

Figure 15: assembly of differential gearbox 

The above picture shows the assembly of differential 

assembled in CATIA assembly design workbench. There 

is a constraints used to put gears on exact positions after 

the assembling gears, assembly was saved in IGS file 

format for analysis purpose. 

V. ANSYS INTRODUCTION 

The ANSYS program is a computer program for a finite 

element analysis and design. The operating conditions. 

The ANSYS program can also be used to calculate the 

optimal design for given operating conditions using the 

design optimization feature. 

The ANSYS program is a multi-purpose program, 

meaning that you can use it for almost any type of finite 

element analysis in virtually any industry - automobiles, 

aerospace, railways, machinery, electronics, sporting 

goods, power generation, power transmission, and 

biomechanics, to mention just a few. “Multi- purpose” 

also refers to the fact that the program can be used in all 

disciplines of engineering – structural, mechanical, 

electrical, electromagnetic, electronic, thermal, fluid, and 

biomedical. The ANSYS program is also used as an 

educational tool in universities and other academic 

institutions. 

ANSYS software is available on many types of computers 

– PCs (personal computers), workstations, minicomputers, 

super minis, mainframes, super mainframes, etc. Several 

operating systems are supported, as are multiple of graphic 

devices. 

A total of six windows are opened when you start ANSYS. 

● Utility Menu (top) – contains functions that are 

available for throughout the ANSYS session, such as 

file controls, selections, graphic controls and 

parameters. You also exit the ANSYS program from 

the file pull down menu. 

● Main Menu (bottom left) – contains the primary 

ANSYS functions, organized by the pre-processor, 

solution, general, postprocessor, design optimizer. 

● Toolbar (Middle Right) – contains push buttons that 

execute commonly used ANSYS commands. More 

push buttons can be added. 

● Input window (middle left) – shows program prompt 

messages and allow you to type in commands 

directly. 

● Graphic window (bottom right) – a window where 

graphics are shown and graphical picking are made. 

● Output window (not shown here) – shows text output 

from the program, such as listing of data etc. It is 

usually positioned behind the other window and can 

be put to the front when necessary. 

The steps in any finite element analysis can be divided in 

three phases: 

● Pre-processing – define the model such as mesh, 

loads, and boundary conditions 

● Solution – assembling and solving the system of 

equation. 

● Post processing – extracting relevant result from the 

solution. 

Ansys develops and markets engineering simulation 

software for use across the product life cycle. Ansys 

Mechanical finite element analysis software is used to 

simulate computer models of structures, electronics, or 

machine components for analysing strength, toughness, . 

Ansys is used to determine how a product will function 

with different specifications, without building test products 

or conducting crash tests. For example, Ansys software 

may simulate how a bridge will hold up after years of 

traffic, how to best process salmon in a cannery to reduce 

waste, or how to design a slide that uses less material 

without sacrificing safety. 

Elasticity, temperature distribution, electromagnetism, 

fluid flow, and other attributes 

Most Ansys simulations are performed using the Ansys 

Workbench system, which is one of the company's main 

products. Typically Ansys users break down larger 

https://en.wikipedia.org/wiki/Finite_element_analysis
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structures into small components that are each modelled 

and tested individually. A user may start by defining the  

A. Geometry: 

In this step import designed differential in to ansys design 

modular, this is ansys design work window where simple, 

moderate designs are can create. Differential is more 

complex design to do so we created in CATIA V5 

application. The created design saved in IGS file format.  

The below picture shows the imported geometry of 

differential. 

 

 Figure 19: geometry 

B. MESHING OF GEAR ASSEMLY 

Meshing is the process which divides the whole assembly 

into small known parts. Those parts are called elements, 

those elements are connected to common points called 

nodes. Tetrahedrons element type is used for meshing and 

elements size is 40mm. 

 
Figure 20: meshing 

VI. RESULTS DISCUSSION 

Analysis is the application of analytical techniques for 

checking the utility and feasibility of any design under 

workbench. Figure 19 shows Differential gearbox. Figure20 

shows the meshed Differential gearbox. Figure 16 to Figure 

18 shows properties of different materials used for 

Differential gear box. In the present work, Structural 

Analysis system is chosen in Ansys which is capable of 

providing solution for Equivalent (von-Misses) stress, 

Displacement (total Deformation) and Maximum Shear 

Elastic Strain for a different revolution i.e. 2500 rpm, 5000 

rpm and 7500 rpm under static conditions for composite 

Material Differential Gear Box. Figure 22 to Figure 30 shows 

the Von-Misses stress, displacement and Maximum Shear 

Elastic Strain for tangential loading at 2500 rpm. Figure 31 

to Figure 39 shows the Von-Misses stress, displacement and 

Maximum Shear Elastic Strain for tangential loading at 5000 

rpm. Figure 40 to Figure 48 shows the Von-Misses stress, 

displacement and Maximum Shear Elastic Strain for 

tangential loading at 7500 rpmpredetermined specifications. 

The current work evaluates 3D modeled concepts for 

composite material Differential Gearbox using Finite 

Element Analysis (FEA). It is used to calculate deflection, 

stress, vibration, buckling behaviour and many other 

phenomena. In this work FEA is applied on solid CAD 

models developed on CATIA and deformation and stresses 

are evaluated on ANSYS.  

 

A. Results for Aluminum alloy at 2500 rpm 

 
Figure 22: deformation of aluminium alloy 

 

 

Comparison tables: 

 

2500 RPM: 

 

5000RPM: 
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CONCLUSION 

In our project we have designed a differential for Ashok 

Leyland 2516M. Loads are calculated when the gears are 

transmitting different speeds 2400 rpm,5000 rpm. Structural 

analyses are done on the differential gearbox to verify the best 

material by taking in to account stresses, displacements, 

weight etc. By observing the structural analysis results using 

Aluminum alloy the stress values are within the permissible 

stress value. So using Aluminum Alloy is safe for differential 

gear. When comparing the stress values of the three materials 

for all speeds 2400rpm, 5000rpm the values are less for 

Aluminum alloy than Alloy Steel and Cast Iron. By observing 

analysis results, Aluminum Alloy is best material for 

Differential gearbox. 
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