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Abstract: 

Piston is a component of reciprocating engine and reciprocating pumps and other similar mechanisms. Piston is a vital component 

in an engine. Piston acts as a valve by covering and uncovering ports in the cylinder wall. Piston can be manufactured in two 

ways: Casting and Forging. The performance of the piston mainly depends upon the design and materials selected for 

manufacturing it. In this present work piston is designed in CATIA V5R17 and further the analysis was carried  out in ANSYS 

workbench. For carry ing out the analysis three materials were selected, they are Aluminium, Grey cast iron, Structural steel. 

Static analysis was carried out and results are tabulated. Total deformat ion and Von -mises stress are calculated and found out that 

which materials suits for the assumed conditions.  
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I. Introduction 

Automobiles consists of various number of parts, out of 

which piston is one of the most vital component. It is a vital 

component in cylindrical engine. Basically pistons are 

moving components which are contained in the cylinder. The 

main purpose of the piston is to transfer force from 

expanding gas in the cylinder to the crankshaft via piston rod 

or connecting rod. There are basically four types of pistons: 

Trunk piston, Crosshead piston, Slipper piston and Deflector 

piston. The applications of various types of pistons are: 

Trunk pistons are used in marine diesel engines, Crosshead 

pistons are used in steam locomot ives, Slipper pistons are 

used in petrol engines like in Formula1 and MotoGP where 

high performance is required and Deflector pistons are used 

where gas flow in cylinder must be carefully directed in 

order to provide efficient scavenging. In this present work 

three materials were selected for carrying out analysis, they 

are Alumin ium, Grey Cast iron and Structural steel. The 

properties of the selected materials  are as follows: 

 

Properties Aluminium Grey Cast 

iron 

Structural 

Steel 

Density 2710 

Kg/m
3  

7200 

Kg/m
3  

7800 

Kg/m
3  

Tensile Yield 

Strength 

280 MPa 240 MPa 250 MPa 

Ult imate Yield 

Strength 

330 MPa 450 MPa 460 MPa 

Young’s 

Modulus 

71 GPa 140 GPa 210 GPa 

 

II. Modelling 

The piston was modelled in CATIA and analysis was carried 

out in Ansys workbench. For modelling the basic profile is 

drawn in CATIA part drawing and then shaft operation is 

applied for 360
o
. Then for drawing Piston pin one of the 

phase is selected and piston pin dimensions are given and 

pocket operation is carried out. Further, padding operation is 

done so that pin position is held correctly. The specifications 

are: 

1. Thickness of piston head (th ) = 4.3mm 

2. Thickness of rib (tr ) = 2.4mm 

3. Piston ring radial width (b) = 2.916mm 

4. Piston barrel = 10.5mm (top end), 3.6mm (bottom end)  

5. The distance from the top of the piston to the first ring 

groove (h1) = 4.16mm 

6. The Distance between two consecutive ring grooves (h2) 

= 3.5mm 

Fig.1 shows the completely modelled piston in CATIA.  

 
Fig.1 Completely Modelled Piston. 

 

Meshing 

The component drawn in CATIA is imported to Ansys and 

then meshing is done for the component. For meshing fine 

mesh is selected. Fig.2 shows meshing of the piston in 

Ansys. 

 
Fig.2 Meshed Piston Model.  
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Analysis 

Once the meshing is done then analysis is done on the piston 

by applying the three materials and there properties on the 

piston.  Specificat ions assumed for carry ing out analysis are: 

Cylinder bore (D): 87.5mm, Stroke length (S)=(L): 110mm, 

Compression ratio: (17.5:1) 

N= 1500rpm, Rated Power = 5.2KW, No. of cy linders = 1, 

No. of strokes = 4. 

Bmep = 
            

 

 
      

 

 

 

Bmep = 6.289bar. 

 

A pressure of 6.289 bar is applied at the top of the piston 

head restraining the piston pin and the average cycle pressure 

is 80 bar for the full load condition which is taken from the 

open literature will be applied on the piston head. One by one 

the materia l was applied on the piston and then the analysis 

results are shown below. Static analysis was carried out and 

results are tabulated below. Total deformation and Von-

mises stress are calculated and found out that which materials 

suits for the assumed conditions. 

 

Aluminium analysis: 

The total deformat ion is calculated based on Bmep and 

average cycle pressure applied on piston head. The same is 

shown depicted below if fig. 3  

 

                           
 

 
Fig.3 Total Deformation 

 

Similarly the stress distribution after applying Bmep and 

average cycle pressure on piston head is shown in fig.4  

                                                    

                        
              Fig.4 Stress Distribution 

 

Grey Cast iron analysis: 

The total deformat ion is calculated based on Bmep and 

average cycle pressure applied on piston head. The same is 

shown depicted below if fig.5 

 

 
 

 

 

 
 

                        Fig: 5 .Total Deformation. 

 

Similarly the stress distribution after applying Bmep and 

average cycle pressure on piston head is shown in fig.6 
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Fig.6 Stress Distribution 

Structural Steel analysis: 

The total deformat ion is calculated based on Bmep and 

average cycle pressure applied on piston head. The same is 

shown depicted below if fig.7 

 

                                                     

 

Fig.7 Total Deformation 

Similarly the stress distribution after applying Bmep and 

average cycle pressure on piston head is shown in fig.8 

                
Fig.8 Stress Distribution 

The Total Deformation obtained by applying Bmep and 

average cycle pressure on piston head is tabulated in Table-1. 

Table-1: Total Deformation 

Materials Bmep  Average cycle 

pressure 

Aluminium 5.4302e-006 m 6.9074e-005 m 

Grey cast iron  3.5197e-006 m 4.4773e-005 m 

Structural steel 1.9335e-006 m 2.4595e-005 m 

The Stress distribution obtained by applying Bmep and 

average cycle pressure on piston head is tabulated in table-2. 

Table-2: Stress Distribution 

Materials Bmep  Average cycle 

pressure 

Aluminium 1.0089e+007 Pa  1.2841e+008 Pa  

Grey cast iron  9.601e+006 Pa  1.222e+008 Pa 

Structural steel 9.7935e+006 Pa  1.2465e+008 Pa  

 

III.CONCLUS ION 

The main aim of this work was to design a piston and further 

by applying three selected materials the total deformation 

and stress distribution was to be determined and out of that 

which material suits best for the piston was to be 

investigated. And from the analysis carried out and the 

results we can conclude that Aluminium is efficient under 

stipulated conditions. 
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