
 
 
 
 
 
 
 
 
 
 
ABSTRACT: This paper portrays the stress 
distribution of the seizure on cylinder four 
stroke engines by utilizing FEA. The limited 
component examination is performed by 
utilizing PC helped structure (CAD) 
programming. The primary goal is to explore 
and break down the thermal stress distribution 
of cylinder at the real engine condition during 
combustion process. The paper portrays the 
work improvement with utilizing limited 
component examination method to anticipate 
the higher pressure and critical region on the 
part. The enhancement is completed to decrease 
the pressure fixation on the upper end of the 
cylinder i.e. (piston head/crown and piston skirt 
and sleeve). With utilizing PC supported design 
(CAD), Pro/ENGINEER programming the basic 
model of a cylinder will be produced. Besides, 
the limited component investigation performed 
with utilizing programming ANSYS. 
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I.INTRODUCTION 
A piston is a component of reciprocating 
IC-engines.  It is the moving  component  
that  is  contained  by a  cylinder and  is 
made  gas-tight by  piston rings. In an 
engine, its purpose is to transfer  force  
from  expanding  gas  in  the  cylinder  to  
the  crankshaft  via  a  piston  rod  and/or  
connecting  rod. As an important part in  
an  engine,  piston  endures  the  cyclic  
gas  pressure  and  the  inertial  forces  at  
work,  and  this  working  condition  may  
cause the fatigue damage of piston, such as 
piston  side wear, piston head/crown 
cracks and so on. The investigations  
indicate  that  the  greatest  stress  appears  
on the upper  end of the  piston and stress  
concentration  is  one  of  the  mainly  
reason  for  fatigue failure.  On the other 
hand piston overheating-seizure can only 
occur when something burns or scrapes 
away the oil film that exists between the 
piston and the cylinder wall.  

 
 
 
 
 
 
 
 
Understanding this, it’s not hard to see 
why oils with exceptionally high film 
strengths are very desirable. Good quality 
oils can provide a film that stands up to the 
most intense heat and the pressure loads of 
a modern high output engine.  Thermal 
analysis is  a branch  of materials  science  
where  the  properties  of  materials  are  
studied  as  they  change  with  
temperature.  FEM methods are commonly 
used for thermal Analysis. Due  to the  
complicated  working  environment  for  
the  piston;  on one hand, the FEA for the 
piston became more  difficult,  on  the  
other  hand,  though  there  have  many  
methods  which  are  put  forward  to  
apply  optimal design, the optimal 
parameters is not easy  to determine. In 
this study, the piston is used in low idle 
and rated speed gas engine. In order to 
enhance the engine dynamic and 
economic, it is necessary for the piston to 
implement optimization.  The  
mathematical model  of optimization is 
established  firstly,  and  the  FEA  is  
carried  out  by  using  the  ANSYS 
software. Based on the analysis of optimal  
result, the  stress concentrates on the  
upper end of  piston  has  become  
evaluate,  which  provides  a  better 
reference for redesign of piston. 
 
In engine, transfer of heat takes place due 
to difference in temperature and from 
higher temperature   to lower temperature. 
Thus,  there is  heat transfer to the gases 
during intakes stroke and  the  first  part  of  
the  compression  stroke,  but  the  during  
combustion  and  expansion  processes  the  
heat transfer take place from the gases to 
the walls. So the piston crown/head , 
piston ring and  the piston skirt should 
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have enough stiffness which  can  endure  
the  pressure  and  the friction between  
contacting  surfaces.  In  addition,  as  an  
important  part in  engine, the  working 
condition  of piston is  directly  related to  
the reliability  and durability  of  engine. 
So it is important for the piston skirt and 
the piston ring to carry out structural and 
optimal analysis which can provide 
reference for design of piston.  
 
The most important tasks that the piston 
must fulfill are transmission of power from 
and to the working gas, sealing off the 
working chamber, linear guiding of the 
connecting rod and heat dissipation. A 
piston should have adaptability in 
operating conditions, simultaneous 
running smoothness, and low weight with 
sufficient shape stability, low pollutant 
emissions values and lowest possible 
friction losses inside the engine for 
operating smoothly. In the cylinder of an 
engine, the energy bound up in the fuel is 
converted into heat and pressure during the 
expansion stroke. The heat and pressure 
values increase considerably within a short 
period of time. The piston, as the moving 
part of the combustion chamber, has the 
task of converting part of this released 
energy into mechanical work. The basic 
structure of the piston is a hollow cylinder, 
closed on one side, with the segments 
piston crown with ring belt, piston pin 
boss, and skirt. The piston crown transfers 
the compression forces resulting from the 
combustion of the fuel-air mixture via the 
piston pin boss, the piston pin, and the 
connecting rod, to the crankshaft. 

II. LITERATURE SURVEY 
Heinz K. Junker, in this book, MAHLE 
experts share their broad-based, extensive 
technical knowledge of pistons, including 
layout, design, and testing. They write 
detailed information on everything to do 
with pistons: their function, requirements, 
types, and design guidelines. They 
describe simulation of operational strength 
using finite element analysis, and piston 
materials, cooling, and component testing. 

Engine testing, as well as for validating 
new simulation programs and 
systematically compiling design 
specifications. Ch.Venkata Rajam et al, 
they designed, analyzed and optimized to 
piston which is stronger, lighter-weight 
with minimum cost and with less 
manufacturing time. In their paper they 
analyzed stress distribution in the various 
parts of the piston to know the stresses due 
to the gas pressure and thermal variations 
using with Ansys. The Piston of an engine 
is designed, analyzed and optimized by 
using graphics software. The CATIA 
V5R16, CAD software for performing the 
design phase and ANSYS 11.0 for analysis 
and optimization phases are used. They 
reduced the volume of the piston by 24%, 
the thickness of barrel is reduced by 31%, 
width of other ring lands of the piston is 
reduced by 25%, von-mises stress is 
increased by 16% and deflection is 
increased after optimization. But all the 
parameters are well within design 
consideration.  
 
Ekrem Buyukkaya et al, in their paper 
performed thermal analyse on a 
conventional (uncoated) diesel piston, 
made of aluminum silicon alloy and steel. 
And then, thermal analyse are performed 
on pistons, coated with MgO–ZrO2 
material by using ANSYS. From the 
obtained results, the maximum 
temperature value of the coated piston was 
shown at the piston's combustion bowl lip. 
Therefore, this area must be coated 
oversensitivity. The maximum surface 
temperature of the coated piston with 
material which has low thermal 
conductivity is improved approximately 
48% for the AlSi alloy and 35% for the 
steel. The maximum surface temperature 
of the base metal of the coating piston is 
261 °C for AlSi and 326 °C for steel, and 
also find out by using of ceramic coating, 
strength and deformation of the materials 
are improved. Muhammet Cerit in his 
paper determined the temperature and the 
stress distributions in a partial ceramic 
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coated spark ignition engine’s piston. 
Effects of coating thickness and width on 
temperature and stress distributions were 
investigated including comparisons with 
results from an uncoated piston. It is 
observed that the coating surface 
temperature increase with increasing the 
thickness in a decreasing rate. Surface 
temperature of the piston with 0.4 mm 
coating thickness was increased up to 82 
°C. The normal stress on the coated 
surface decreases with coating thickness, 
up to approximately 1 mm for which the 
value of stress is the minimum. However, 
it rises when coating thickness exceeds 1 
mm. As for bond coat surface, increasing 
coating thickness, the normal stress 
decreases steadily and the maximum shear 
stress rises in a decreasing rate. The 
optimum coating thickness was found to 
be near 1 mm under the given conditions.  
 
Xiqun Lu et al, inverse heat transfer 
method is employed to conduct thermal 
numerical analysis on a 4-ring articulated 
piston of marine diesel engine and 
determine the coefficient of heat transfer at 
each interface in the thermal system. The 
secondary motion of piston and piston 
ring, and the lubrication oil film has been 
considered in estimating the coefficient of 
heat transfer values. They manufactured 
metal plugs were installed in the head of 
an articulated piston and the piston skirt to 
measure the temperature distribution of 
them. A Series of thermal couples were 
used for cylinder temperature 
measurement. The boundary condition for 
numerical simulation is verified with 
experiment result and applied to predict 
the temperature distribution of a new 
piston design which had small change of 
piston head profile and one less ring 
scheme.  

III. RELATED WORK 
Pistons move up and down in the cylinders 
which exerts a force on a fluid inside the 
cylinder. Pistons have rings which serve to 
keep the oil out of the combustion 
chamber and the fuel and air out of the oil. 

Most pistons fitted in a cylinder have 
piston rings. Usually there are two spring-
compression rings that act as a seal 
between the piston and the cylinder wall, 
and one or more oil control ring s below 
the compression rings. The head of the 
piston can be flat, bulged or otherwise 
shaped. Pistons can be forged or cast. The 
shape of the piston is normally rounded 
but can be different. A special type of cast 
piston is the hypereutectic piston.  

In order to achieve the effective seal 
against lubricating oil and high pressure 
gases leakage, a great pressure must be 
exerted, by each ring on the cylinder walls. 
To produce this effect, the rings are made 
slightly larger in the diameter than that of 
cylinder bore and cutting small gap which 
is partly narrowed when the ring is fitted. 
The end gap in the piston ring provides 
flexibility to the ring and the same time 
allowing for thermal expansion. There are 
another rings used in piston grooves, 
called as, Oil Scraper Rings. The function 
of these rings are, only as much quantity of 
the oil as it just sufficient to maintain 
proper lubrication is allowed to reach the 
skit. The excess oil which would have 
leaked in the combustion chamber without 
serving any useful purpose and rather 
leading to carbonizations scraped off by 
the oil scraper ring. 

The piston is an important component of a 
piston engine and of hydraulic pneumatic 
systems. Piston heads form one wall of an 
expansion chamber inside the cylinder. 
The opposite wall, called the cylinder 
head, contains inlet and exhaust valves for 
gases. As the piston moves inside the 
cylinder, it transforms the energy from the 
expansion of a burning gas usually a 
mixture of petrol or diesel and air into 
mechanical power in the form of a 
reciprocating linear motion. From there the 
power is conveyed through a connecting 
rod to a crankshaft, which transforms it 
into a rotary motion, which usually drives 
a gearbox through a clutch. Components of 
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a typical, four stroke cycle, DOHC piston 
engine. (E) Exhaust camshaft, (I) Intake 
camshaft, (S) Spark plug, (V) Valves, (P) 
Piston, (R) Connecting rod, (C) 
Crankshaft, (W) Water jacket for coolant 
flow. Various types of pistons are 
employed on different engines. This is 
because each type fulfils some specific 
requirements on a particular engine. Some 
pistons have complex head formation, 
some have specially formed skirts, and 
other has geometrical peculiarities. The 
piston head or crown may be that convex 
or concave depending upon the design of 
combustion chamber. Piston rings are used 
to seal the cylinder in order to prevent 
heritage of the gas past the piston. The 
material for piston rings is usually cast 
iron & alloy cast iron due to their good 
wearing qualities & also they retain the 
spring characteristics ever at high 
temperatures. From below figure (1) it can 
observe the structure of piston.  

 
FIG. 1: STRUCTURE OF PISTON 

IV. OPTIMIZATION & ANALYSIS 
OF PISTION 

Following materials are used for I.C. 
Engines pistons: Cast iron, Cast 
Aluminium, cast steel and forged 
aluminium. The material used for piston is 
mainly aluminium alloy. Aluminium 
pistons can be either cast of forged. In 
early years cast iron was almost universal 
material for pistons because it possesses 
excellent wearing qualities, coefficient of 
expansion and genera suitability in 
manufacture. But due to reduction of 
weight in reciprocating parts, the use of 
aluminium for piston was essential. To 
obtain equal strength a greater thickness of 
metal is necessary. But some of the 

advantages of the light metal is lost. 
Aluminium is inferior to cast iron in 
strength and wearing qualities, and its 
greater coefficient of expansion necessities 
greater clearance in the cylinder to avoid 
the risk of seizure.  
 
The heat conductivity of aluminium is 
about thrice that of cast iron this combined 
with the greater thickness necessary for 
strength, enables and aluminium alloy 
piston to run at much lower temperature 
than a cast iron as a result carbonized oil 
doesn’t form on the underside of the 
piston, and the crank case therefore keeps 
cleaner. This cool running property of 
aluminium is now recognized as being 
quite as valuable as its lightness. Indeed; 
piston are sometimes made thicker than 
necessary for strength in order to give 
improved cooling.  
a) Pressure calculation 

Suzuki gs 150 R    specifications 

Engine type: air cooled    4-stroke    

Displacement =149.5CC 

Maximum power = 13.8bhp @8500rpm 

Maximum torque = 13.4Nm @ 6000 rpm 

Compression ratio =9.35/1 

Density of petrol  

Mechanical efficiency= 75% 
 
Brake power BP = 8415.2 
b) Thickness of piston head 

th =  

at = 317Mpa 

th =  

th =  

       = 5.45mm 
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c) Piston rings 

Radial thickness t1 = D  

      t1 = 57  

Width of the top land b1= 1.2th 

 b1 = 1.2   =6.54mm 

With of other land (i.e) distance between 

ring grooves 

                b2 = t2 = 1.9mm 

The gap between the free ends of the ring 

= 3.5t to 4t = 7.72mm 

d) Piston barrel  

t3 = 0.03D + b +4.5 

 b = radial depth of piston ring 

 b = t1 +0.4 = 2.33mm 

t3 = 0.03 57+2.33+4.5 

 t3   = 8.54mm 

The piston wall thickness towards the open 

end 

t4 = 0.35t3 = 2.989mm 

e)  Piston skirt 

Maximum gas load on the piston 

 P = p πD2/4 = (15.454 572)/4 

P = 30414.88611N 

Maximum side thrust on the cylinder 

R = p/10 = 3941.488611 

 R = pb D l 

l = length of the piston skirt in mm 

l =45.6N/mm2 

Bearing pressure pb = 1.5N/mm2 

Total length of the piston 

L = length of the skirt length of ring 

section + top land 

Length of ring section = 5 b2 or t2 = 

9.5mm 

 L = 45.6 + 9.5 + 6.54 = 61.64mm 

V. RESULTS 

 

FIG. 2: DEFORMATION IN PISTON 

 

FIG. 3: STRESS IN PISTON 

 

FIG. 4: STRAIN IN PISTON 

 

FIG. 5: TEMPERATURE IN PISTON 
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FIG. 6: HEAT FLUX IN PISTON 

VI. CONCLUSION 

In our project we have designed a piston 
used in a two wheeler. The present used 
material for piston is AL 6061. We have 
replaced with different aluminum alloys 
7075. Since they have more strength than 
AL 6061. Two models of piston are 
designed for two materials aluminum 
alloys 7075 and AL6061. Structural and 
thermal analysis is done on the models to 
validate structural and thermal properties 
like displacement, stress, thermal gradient, 
and thermal flux. By observing the 
analysis results, stress values are less for 
material 7075 and also its thermal gradient 
is more when compared to AL6061. This 
material also has high yield strength value. 
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