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Abstract— These Piston is the part of engine which converts 

heat and pressure energy liberated by fuel combustion into 

mechanical works. Engine piston is the most complex 

component among the automotive. This paper illustrate 

design procedure for a piston for 4 stroke petrol engine for 

Bajaj Pulsar bike and its analysis by its comparison with 

original piston dimensions used in bike. The design 

procedure involves determination of various piston 

dimensions using analytical method under maximum power 

condition. The objective of this thesis is to develop the 

geometry of piston of four stroke IC engine and to 

investigate the maximum stress using Solidworks software. 

In static-structural analysis, the pistons were analyzed using 

different grade aluminum alloy material and find out the 

stress, total deformation and strain & its effect on piston 

behavior. For analysis using von-mises stress theory. From 

the analysis it was found that, the maximum stress intensity 

found on the surface of the piston crown in material, but 

stress intensity is close to the permissible strength of Al 

alloys piston. 
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I. INTRODUCTION 

An internal combustion engine is defined as an engine in 

which the chemical energy of the fuel is released inside the 

engine and used directly for mechanical work, as opposed to 

an external combustion engine in which a separate 

combustor is used to burn the fuel. 

The internal combustion engine was conceived and 

developed in the late 1800s. It has had a significant impact 

on society, and is considered one of the most significant 

inventions of the last century. The internal combustion 

engine has been the foundation for the successful 

development of many commercial technologies. For 

example, consider how this type of engine has transformed 

the transportation industry, allowing the invention and 

improvement of automobiles, trucks, airplanes and trains.  

A piston is a component of reciprocating engines, 

Reciprocating pumps, gas compressors and pneumatic 

cylinders, among other similar mechanisms. 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. 

Automobile components are in great demand these 

days because of increased use of automobiles. The increased 

demand is due to improved performance and reduced cost of 

these components. R&D and testing engineers should 

develop critical components in shortest possible time to 

minimize launch time for new products. This necessitates 

understanding of new technologies and quick absorption in 

the development of new products. 

A piston is a moving component that is contained 

by a cylinder and is made gas-tight by piston rings. In an 

engine its purpose is to transfer from expanding gas in the 

cylinder to the crank shaft via piston rod and or connecting 

rod. 

As an important part in an engine piston endures 

the cyclic gas pressure and inertia forces at work and this 

working condition may cause the fatigue damage of the 

piston. The investigations indicate that greatest stress 

appears on the upper end of the piston and stress 

concentration is one of the mainly reason for fatigue failure. 

A. Component of Piston 

 
Fig. 1: Component of piston 

1) Piston crown 

2) Ring land 

3) Piston ring 

4) Piston pin 

5) Piston skirt 

B. Piston Type 

This piston is commonly used in mass-produced engines. 

They are easy to develop, which keeps the cost of the 

engines low. 

 
Fig. 2: Flate head piston 

This improves their compression ratios by allowing the 

pistons to rise higher into the head of the cylinders. 

II. DESIGN OF PISTON 

A. Configuration of 150 cc engine (Bajaj Pulsar) 

Engine type: 4-stroke air cooled 
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Stroke length: 60 mm 

Displacement: 149.00 cc 

Maximum Power: 14bhp@8000 rpm 

Compression ratio: 9.5:1 

Density of petrol C8H18: 732.22 x 10-9  Kg/mm3 

Temperature: 60 oF or 288.85 K 

Table 1: Configuration of 150 cc engine (Bajaj Pulsar) 

B. Theoretical Calculation of Piston design 

From machine design and data hand books, following 

dimensions of the piston have been calculated according to 

the given design procedure. The dimensions are in terms of 

SI Units. 

 
Fig. 3: Piston for I.C. engines 

1) Thickness of piston according to Grashoff’s formula 

The piston or crown is designed keeping in view the 

following two main considerations: 

1) It should have adequate strength to withstand the 

straining action due to pressure of explosion inside the 

engine cylinder, and 

2) It should dissipate the heat of combustion to the 

cylinder walls as quickly as possible. 

On the basis of first consideration of straining 

action, the thickness of the piston is determined by treating 

it as a flat circular plate of uniform thickness, fixed at the 

outer edges and subjected to a uniformly distributed load 

due to the gas pressure over the entire cross-section. 

Thickness of piston, 
m ax

3

16
h

b

P
t D


    

Where, D  Diameter of piston 56  mm 

 
b

  Permissible tensile stress 

485
80.83 81

6

ut

fos


     N/mm2 

    
max

P   Maximum inside pressure 4.5  MPa 

     
3 4.5

56
16 81

h
t    

5.71  mm 

6  mm 

2) Radial thickness of the ring: 

The radial thickness (t1) of the ring may be obtained by 

considering the radial pressure between the cylinder wall 

and the ring. From bending stress consideration in the ring, 

the radial thickness is given by,  

       1

3
w

t

P
t D




  

Where, D    Diameter of piston 56  mm 

w
P   Pressure of fuel on cylinder wall in N/mm2. Its value 

is limited from 0.025 N/mm2  to 0.042 N/mm2, and 

t
   Allowable bending (tensile) stress in MPa. 

                 
1

3 0.0335
56

81
t


   

                                   1.9725  mm 

                                          2  mm 

3) Axial thickness of the ring: 

Axial thickness of the ring may be taken as 
1

0.7t  to 
1

t   

2 1
0.7t t   to 

1
t  

                         2  mm (Maximum) 

 

4) Width of the top land: 

The width of the top land (i.e. the distance from the top of 

the piston to the first ring groove) is made larger than other 

ring lands to protect the top ring from high temperature 

conditions existing at the top of the piston,  

Width of top land,  
1 h

b t  to 1.2
h

t  

            7.2  mm (Max) 

5) Thickness of other land 

The width of other ring lands (i.e. the distance between the 

ring grooves) in the piston may be made equal to or slightly 

less than the axial thickness of the ring, 

Width of other land, 
2 2

0.75b t  to 
2

t  

                 2  mm (Maximum) 

6) Maximum thickness of barrel 

It is a cylindrical portion of the piston. The maximum 

thickness of the piston barrel may be obtained from the 

following empirical relation: 

Thickness of barrel, 
3 1

0.03 4.9t D t     

= 1.68 + 1.5+ 4.9 

               8.58  mm 

               8.6  mm   

7) Open end of the barrel thickness 

Piston wall thickness, 4 3
0.25t t  to 

3
0.35t   

                3  mm (Maximum) 

8) Gap between the ring 

Gap between the ring before assembly,  

0.055
l

T D   

     0.055 56      
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     3.08  mm 

     3  mm 

 

For a second ring 0.04 D  

       0.04 56   

       2.24  mm  

9) Depth of ring groove 

The depth of the ring grooves should be more than the depth 

of the ring so that the ring does not take any piston side 

thrust. 

Depth of ring groove, 
1

0.4
r

D t    

                    2 0.4   

          2.4  mm   

 

10)  Piston pin Diameter 

The piston pin (also called gudgeon pin or wrist pin) is used 

to connect the piston and the connecting rod. It is usually 

made hollow and tapered on the inside, the smallest inside 

diameter being at the center of the pin, as shown in Fig. 

32.5. The piston pin passes through the bosses provided on 

the inside of the piston skirt and the bush of the small end of 

the connecting rod. 

Piston pin diameter, 0.3
do

p D  to 0.45D   

               0.32 D  (Average) 

               17.92  mm 

        18  mm 

11) Length of piston skirt 

The portion of the piston below the ring section is known as 

piston skirt. In acts as a bearing for the side thrust of the 

connecting rod. The length of the piston skirt should be such 

that the bearing pressure on the piston barrel due to the side 

thrust does not exceed 0.25 N/mm2 of the projected area for 

low speed engines and 0.5 N/mm2 for high speed engines. It 

may be noted that the maximum thrust will be during the 

expansion stroke. The side thrust (R) on the cylinder liner is 

usually taken as 1/10 of the maximum gas load on the 

piston. 

We know that maximum gas load on the piston,  
2

4

D
P p


                                 

2
(56)

4.5
4


                                

11083  N 

  Maximum side thrust on the cylinder, 

 
10

P
R    

              1108.3  N 

              1108  N 

Side thrust is also given by, 

R= Bearing pressure x Projected bearing area of piston skirt 

∴ 1108 = Pb x D x l 

∴ 1108 = 0.95 x 56 x l 

          20.82l   mm 

          21l   mm 

 

Now the total length of the piston (L) is given by, 

  L   Length of skirt ( l ) + Length of ring section (
r

l  ) + 

Top land (
1

b ) 

    
2 2 1

((3 ) (4 ))l b t b        

    21 ((3 2) (4 2)) 7.2       

    42.2 mm 

Design parameter of piston Dimension of piston 

Thickness of head 6 mm 

Radial thickness of ring 2 mm 

Axial thickness of ring 2 mm 

Width of the top land 7.2 mm 

Thickness of other land 2 mm 

Maximum thickness of barrel 8.6 mm 

Open end of the barrel thickness 2.8 mm 

Gap between the ring 3 mm 

Depth of ring groove 2.4 mm 

Piston pin diameter 18 mm 

Length of piston skirt 21 mm 

Length of piston 42.2 mm 

Table 2: Theoretical Calculation of Piston design 

C. Theoretical Calculation of  Maximum design Pressure 

1) Torque produce in engine 

Now, P = 14 BHP   = 10.444 kW and, 

Hence 
60

2

P
T

N


   

            

3
10.444 10 60

2 3.1415 8000

 


 
 

   12.47  Nm 

2) Diameter of Piston 

Piston is nothing but one kind of the cylinder whose volume 

is governing by
2

r h . So,  

Cylinder Volume,  
2

V r h   

          
3 2

149 10 (60)r     

         
2 149000

60
r


 


  

               700.46  mm3 

and, hence radius, r 28.11 mm 28  mm and Diameter, 

2 2(28) 56D r    mm. 

3) Cylinder inside Pressure 

An Otto cycle is shown in figure 3.1, which is an idealized 

thermodynamic cycle that describes the functioning of a 

typical spark ignition piston. It is also provide the 

information like pressure temperature at point 1, 2, 3 and 4 

respectively. It is the thermodynamic cycle most commonly 

found in automobile engines. 
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Fig. 4: Otto Cycle 

We know that compression ratio = 9.5:1  

1

2

9.5
V

V
   

9.5s c

c

V V

V


    

9.5
s c c

V V V     

8.5
s c

V V    

We know that Swept volume, 149
s

V   cc  

Hence Clearance volume, 17.52
c

V   cc 

Now, Total volume, 

1
149 17.5 166.5

s c
V V V      cc 

And 

 
2

17.5
c

V V   cc 

For a perfect gas, we have 
1 1 1

PV mRT  

Where  

1 1

1

PV
m

RT
   

5 2 3
1.01325 10 (N/ m ) 0.0001665(m )

287(Nm/ Kg K) 288(K)

 


 
 

       0.000204  Kg  

 

For Isentropic compression process (i.e. 1-2 cycle) 

We know that, 
1 1 2 2

PV P V
 
  

                   1

2 1

2

V
P P

V



 
   

 

 

                           
1.45

1.01325 10 9.5    

                          
5

23.68 10   N/m2      

We also knowing that, 

 
1 1

1 1 2 2
T V T V

  
  

   

1

1

2 1

2

V
T T

V

 

 
   

 

 

                       
1.4 1

2
288(9.5)T


   

                       
2

708.73T   K 

In order to calculate
3 3

&T P , we need to determine first 

mass flow rate of air and fuel. 

Mass flow rate of air, 
1 1

1
2

a

PV N
m

RT



    

                                         
8000

0.000204
60 2

 


 

                                         0.0136  Kg/sec 

And
3 2

. ( )af p
Q m C V m C T T



          

 
4

3
2.66 10 31832 0.0136 1.007 ( 708.73)T


         

Where 1.33
f

m   lit/hr  
4

2.66 10


   kg/sec and    

. . 31832C V   kJ/kg for petrol (Approx.) 

                         
3

1327T   K 

For Constant volume process (i.e. 2-3 cycle) 

We know that, 
32

2 3

PP

T T
   

      
2 3

3

2

P T
P

T


   

              

5
23.68 10 1327

708.73

 
  

             
5

44.35 10   N/m2 

             4.43  MPa 

For Isentropic expansion process (i.e. 3-4 cycle) 

We know that, 
3 3 4 4

P V P V
 
  

               3

4 3

4

V
P P

V



 
   

 
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              2

4 3

1

V
P P

V



 
   

 

 

              

1.4

5

4

1
44.35 10

9.5
P

 
  

 
 

 

            7552.52  

          
5

0.07552 10  N/m2 

          0.7 MPa 

 For Constant volume process (i.e. 4-1 cycle) 

We know that, 
4 1

4 1

P P

T T
   

                
4 1

4

1

P T
T

P


   

                          = 
7552.32 X 288

1.01325X104  

                          = 214.67 K 

 

III. MODELING OF PISTON 

At first, a piston has been created in Solid works with the 

dimensions determined by empirical formula using few 

input parameter like piston diameter, length, etc., which has 

been taken from reference table 2. 

 

 
Fig. 5: Model of piston 

For design 3D model use Bajaj Pulsar usable piston 

as a reference.  

For design 3D model of piston use different 

command of Solidworks software like select plane, line, 

revolve, extrude, revolve cut, extrude cut etc. 

IV. FINITE ELEMENT ANALYSIS OF PISTON 

Finite element method (FEM) is used to obtain the necessary 

information for achieve a better understanding of the 

physical problem and behavior of rotating or reciprocating 

component like flywheel and piston. 

Solidworks can be used to calculate the stress 

distribution for an entire component or structure. The linear 

static analysis is considered in this study.  

Structural analysis is the determination of the 

effects of loads on physical structures and their components. 

A linear static analysis is one of the most common 

engineering analyses and represents the most basic of 

analysis. The term linear means that the displacement or 

stress is proportion to the applied force. The term static 

means that the forces do not vary with time.  

Material selection, boundary condition and 

meshing required of component whose analysis have to do. 

 

A. Material selection of different grade Al alloys and its 

properties which are analyze 

Material 

Properties 

A 2618 

Al Alloy 

A 4032 

Al 

Alloy 

Al GHS 

1300 

Alloy 

A 6151 

AL 

Alloy 

Modulus of 

Elasticity 

73.7 

GPa 
79 GPa 98 GPa 

113.8 

GPa 

Poisson’s 

ratio 
0.33 0.33 0.30 0.33 

Density 

2.76 x 

10-6 

kg/mm3 

2.68 x 

10-6 

kg/mm3 

2.78 x 

10-6 

kg/mm3 

4.43 x 

10-6 

kg/mm3 

Thermal 

conductivity 

174.15 

W/m K 

174.15 

W/m K 

174.15 

W/m K 

174.15 

W/m K 

Yield tensile 

strength 
420 MPa 315 MPa 

1220 

MPa 
880 MPa 

Ultimate 

tensile 

strength 

485 MPa 380 MPa 
1300 

MPa 
950 MPa 

Table 3: Different grade aluminum alloy with its properties 

B. Boundary condition 

 
Fig. 6: Fixed support from piston pin 

For the analysis purpose boundary conditions were 

applied in these work, piston fixed from piston pin. 
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Fig. 7: Pressure applied 

Pressure applied on top surface of piston in 

downward direction. Pressure applied on piston crown is 

4.5MPa for all materials use for in this study. 

C. Meshing 

 
Fig. 8: Pressure applied 

The process of subdividing the model into small 

pieces is called meshing. Finite element analysis programs 

look at the model as a network of interconnected elements.  

Meshing is a crucial step in design analysis. The 

software automatically creates a mixed mesh of solid, shell 

and beam elements. 

D. Stress  

The 3 dimensional bodies like vessels and nozzles can be 

subjected to stresses in any direction within the body. So, 

the direction and magnitude of stresses vary from point to 

point within the body. 

Von Mises reveals that, even though none of the 

principal stresses exceeds the yield stress of the material, it 

is possible for yielding to result from the combination of 

stresses. 

 
Fig. 9: A 2618 Al Alloy 

 
Fig. 10: A 4032 Al Alloy 

 

 
Fig. 11: A 6151 Al Alloy 
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Fig. 12: Al GHS 1300 Alloy 

The Von Mises criterion is a formula for 

combining these 3 stresses into an equivalent stress, which 

is then compared to the yield stress of the material. 

The yield stress is a known property of the 

material, and is usually considered to be the failure stress. 

The equivalent stress is often called the "Von Mises Stress" 

as a shorthand description. 

If the "Von Mises Stress" exceeds the yield stress, 

then the material is considered to be at the failure condition. 

So, in this work for the stress analysis, Von Mises stress 

criteria has been employed. 

E. Total deformation 

 
Fig. 13: A 2618 Al Alloy 

 
Fig. 14: A 4032 Al Alloy 

 
Fig. 15: A 2618 Al Alloy 

 
Fig. 16: Al GHS 1300 Alloy 
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V. RESULT FROM ANALYSIS OF PISTON USING DIFFERENT 

MATERIAL 

A. Result of Von mises stress, total deformation, strain 

Material 

Type 

Von Mises 

stresses 

(N/m2) 

Total 

deformation 

(mm) 

Strain 

A 2618 Al 

Alloy 
6.215e+007 2.168e-002 

6.532e-

004 

A 4032 Al 

Alloy 
6.280e+007 2.042e-002 

6.169e-

004 

A 6151 Al 

Alloy 
6.214e+007 1.419e-002 

4.275e-

004 

Al GHS 

1300 

Alloy 

6.060e+007 1.654e-001 
4.937e-

003 

Table 4: Result from analysis 

B. Graphical representation of result of Von mises stress, 

total deformation, strain 

 
Chart 1: Von mises stress 

 
Chart 2: Total deformation 

 
Chart 3: Strain 

VI. CONCLUSION  

From the study following conclusions can be made for 

piston analysis:- 

 Pistons made of different aluminum alloys like A2618, 

A4032, AL-GHS 1300, A 6151 were designed and 

analyzed. 

 Their structural analysis shows that the maximum stress 

intensity is on the bottom surface of the piston crown in 

all the materials, but stress Intensity is close to the 

Permissible strength of Al alloy piston. 

 In static-structural analysis, the pistons were analyzed 

to find out the equivalent (von-mises) stress, total 

deformation and strain. The results show that in case of 

equivalent (von-mises) stress, piston made of A 6151 is 

found to have least stress of 6.214e+007 N/m2 in 

comparison with remaining materials except AL-GHS 

1300. Highest stress of 6.280e+007 N/m2 is observed in 

piston made of A4032.  

 In case of total deformation, the least deformation was 

found in alloy A 6151. 

 In case of strain, the least strain was found in alloy A 

6151. 
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