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Abstract- The goal of this research is to optimize stress changes on the upper surface of the piston under real-world engine 

conditions. Thermal behaviour testing on the piston surface is carried out in this research. Gas pressure, temperature, and 

piston material functions are among the functions used for study. According to studies, the damaged or not damaged top 

surface of the piston is extremely costly to repair and is not usually accessible owing to temperature. Convex and capital 

ANSYS 14.0, created in Solid Work 2016, piston profile for piston form and FEM studies for improving the piston's heat 

behaviour. The piston is made of aluminium alloy and grey iron cast material. Pressure is used in structural analysis to assess 

the piston's pressure and displacement. We can evaluate whether or not our suggested piston is safe under the load conditions 

by following the study's results. Thermal flux and thermal temperature distribution are calculated using temperatures on the 

piston surface an examination of the heat. 
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I. INTRODUCTION 
 

The increasing usage of cars is now in high demand for 

automotive components. Improved performance and lower 

costs for these components are responsible for an 

increasing demand. In order to reduce launch time of new 

goods, R&D and testing engineers should create essential 
components as quickly as feasible. This means that new 

technology need to be understood and new goods rapidly 

absorbed. A piston is a reciprocal IC motor component.  

 

The piston turns the expanding gas energy into mechanical 

energy. The piston is in or out of the sleeve of the 

cylinders. Aluminum or cast iron alloys are frequently 

produced by pistons. Each column has numerous metal 

rings surrounding it in order to prevent the combustion 

fumes from bypassing the column and to reduce friction.  

 
These rings serve as a screen between the piston and the 

cylindrical wall and minimize the friction between the 

piston and the cylindrical wall.  

 

The piston design should be stiff enough to avoid 

mechanical and thermal deformation and the bearing area 

to prevent excessive wear should be adequate. Piston is 

developed on the basis of strength and heat. The piston pin 

strength against shear failure should be adequate.  

 

When the combustion occurs, the piston is distorted and, 

when static loading is included, the energy stored inside 
the piston determines the conditions for piston output and 

failure. Return from Misses the creation of stresses by 

misses or tensile stress may be stated; a scalar stress value 

from the stress tensor can be calculated. 

 

1. Fundamental of Piston: 

A piston is a metal cylindrical element that interacts with a 

fluid inside a cylindrical cylinder and has an effect on it. 

External rings are used on pistons to prevent oil leaks in 

the combustion chamber and the oil used for fuel and air. 

In a cylinder, most pistons have piston rings.  

 

 
Fig 1. Schematic diagram of Piston. 

 

In general, the piston is held to the cylinder wall by two 

spring compression rings, with an oil control ring one or 

more below the compression rings.  
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On the upper surface of the piston, it may be flat, bulged, 

or otherwise constructed. Process pistons may be 
constructed in either forged or cast metal. The profile of 

the column is typically rounded, although it may be 

different. Figure 1 depicts the design of a piston engine. A 

column motor's piston is an important component of the 

pneumatic hydraulic system. 

 

II. DESIGN OF PISTON 

 
The piston is designed according to the procedure and 

specification which are given in machine design and data 

reference books. 

 

 
Fig 2. Drawings of the Piston. 

 

III. FINITE ELEMENT ANALYSIS 

 
When gas pressures are exerted, a structural investigation 

is performed using the ANSYS Workbench V.14.2 to 

perform a finite element examination of the piston. When 

there are minor variations in stiffness, the load direction is 

not altered, materials stay within a linear flexible region, 

and mineral deformations and stresses are produced, the 

piston is a linear static inquiry. The piston model was built 

and saved as a *.igs file, which was then loaded into 

SolidWorks 2016's ANSYS workbench. 

 

The physics package ANSYS, which is associated with the 
commercially used engineered software package for 

engineering simultaneous simulation, was evaluated to 

provide a comprehensive group of physics that allows for 

the use of nearly multiple fields of thermal engineering 

that are required for the design technique.  

 

Before becoming a major item under totally different 

loading circumstances, the software programme uses its 

ability to establish a virtual product through a rigorous test 

technique such as a Piston model. 

 

IV. MATERIAL PROPERTIES OF PISTON 

MATERIAL 
 

Piston materials used in the study were aluminium and 
grey cast iron alloy. Table 2 lists the aluminium alloy 

composition and grade of grey iron cast alloy. 

 

Table 1. Material properties of Piston. 

 

Parameters 
Aluminum 

alloy 

Grey Cast 

iron 

Density (Kg/m3) 2770 7200 

Young's Modulus (MPa) 71000 110000 

Coefficient of thermal 

expansion (1/K) 
2.3 × 10-5 1.1 × 10-6 

Poisson's Ratio 0.33 0.28 

Elastic modulus (GPa) 70 124 

Ultimate Tensile Strength 

(MPa) 
310 240 

Thermal 

conductivity(W/m/0C) 
140 52 

 

V. RESULTS AND DISCUSSION 

 
1. Analyzing the model in ANSYS: 

The Solidworks model has been created. The IGS FILE 

was converted to the IGES format. With this 

configuration, the design may be compatible with ANSYS 

software. When the design is loaded into ANSYS, the 

analysis process begins. 
 

 
(a)  Concave 

 

 
(b) Convex Profile 
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Fig 3. Design Model of Concave and convex profile 

piston. 

2. Meshing the model: 

The investigated Piston model is mathematically divided 

into a mesh of finite simple-form components. The 

displacement difference is intended to be computed using 

basic Polynomial Profile functions and nodal 

displacements for each component. Equations for stresses 

and strains generate unknown nodal displacements. The 

equations of balancing are therefore built in a matrix that 

is readily programmable. 

 

 
(a)   

 

 
(b)   

Fig 4. Meshed view of piston models. 

 

3. Boundary conditions for analysis of S.I. engine 

piston using ANSYS: 

After the piston is meshed, we need to apply the proper 

thermal analysis boundary condition. 

 

 
Fig 5. Piston with Concave Head profile. 

 

 
Fig 6. Piston with Convex Head profile. 

 

4. Static Analysis results of Piston: 

 

Table 2. Static analysis of Piston head with concave shape. 

Piston head with concave shape 

 
Materials 

Results Aluminum  

Alloy 

Grey cast 

 iron 

Total deformation 

(mm) 
0.00188 0.00123 

Stress (MPa) 4.33 4.35 

Strain 0.0000619 0.0000402 

 

Table 3. Static analysis of Piston head with convex shape. 

Piston head with convex shape 

 

Materials 

Results 

Aluminum 

Alloy 

Grey cast 

iron 

Total deformation 

(mm) 
0.00133 0.000868 

Stress (MPa) 3.95 4 

Strain 0.0000559 0.0000365 

 

VI. THERMAL ANALYSIS OF PISTON 

USING ANSYS 
 

The difference in the physical properties of a material as a 

function of temperature is calculated using thermal 

analytical techniques. The techniques for calculating mass 

or energy changes in a material model that are most often 

employed. Figures depict various piston heights in steady-

state situations with imposed boundary limitations. 

Temperature at its highest point. 

 
Following the processing solution for static structural 

analysis, total deformity outlines and equivalent elastic 

strain are drawn out. The other was a temperature and total 

heat flux transient thermal investigation. As part of a 

structural and thermal research, these results were 
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obtained for both concave (Cup) and convex (Dome) 

produced pistons.  

1. Piston profile with convex head with Aluminum 

Material: 

 

 
(a) Temperature distribution. 

 

 
(b) Total heat Flux . 

 

 
(c)  Temperature distribution. 

Fig 7. thermal analysis of Aluminum alloy piston with 

convex head profile. 

 

2. Piston profile with convex head with Grey cast iron 

Material: 

 

 
(a) Temperature distribution. 

 
(b) Total heat Flux. 

 

 
(c)  Temperature distribution on top. 

Fig 8. Thermal analysis of grey cast iron piston with 

convex head profile. 

 

3. Piston profile with Concave head with Aluminum 

Material: 

 

 
(a) Temperature distribution . 

 

 
(b) Total heat Flux. 
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(c)  Temperature distribution on top. 

Fig 9. Thermal analysis of Aluminum alloy piston with 

concave head profile. 

 

4. Piston profile with Concave head with Grey cast iron 

Material: 

 

 
(a) Temperature distribution 

 

 
(b) Total heat Flux 

 

 
(c)  Temperature distribution on top surface 

Fig 10. Thermal analysis of Grey cast iron alloy piston 

with concave head profile. 

Table 4. Comparison thermal results of Piston with 

concave shape. 

Piston head with concave shape 

Results 
Aluminum 

Alloy 

Grey cast 

iron 

Total heat flux 8.87 5.44 

Temperature drop  on 

top surface piston 
227.98 87.13 

 

Table 5. Comparison thermal results of Piston with 

Convex shape. 

Piston head with convex shape 

Results 
Aluminum 

Alloy 
Grey cast 

iron 

Total heat flux 10.64 5.97 

Temperature on top 

surface piston 
154.39 48.73 

 

5. Graph of thermal analysis of piston with Convex 

shape: 

 

 
Fig 11. Comparison of total heat flux in Al Alloy and grey 

cast iron. 

 

 
Fig 12. Comparison of Temperature on top surface in Al 

Alloy and grey cast iron. 
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6. Graph of thermal analysis of piston with Concave 

shape: 
 

 
Fig 13. Comparison of total heat flux in Al Alloy and grey 

cast iron. 

 

 
Fig 14. Comparison of Temperature on top surface in Al 

Alloy and grey cast iron. 

 

 
Fig 15. Comparison of Heat flux b/w concave and convex 

piston profile. 

 
Fig 16. Comparison of Temperature variations on Top 

surface of piston. 

 

VII. CONCLUSION 

 
The piston plays a significant role in motor performance, 
and the piston's substance has an impact on its strength. 

The bottom of the piston crown is expected to have the 

highest stress intensity in both materials. Maximum 

displacements absorb the top of the aluminium piston and 

grey cast iron.  

 

The highest value of the maximum piston temperature is 

absorbed in both piston materials due to thermal 

conductivity and overall maximum heat flow. As a result, 

sophisticated materials and a variety of design, analytic 

methods may be utilised in future research. Concealed 

pistons are larger than convex-shaped pistons in terms of 
design, stress, and total deformations. Why is diesel 

utilised as a fuel in IC engines for large-sized engines with 

concavity or cup-formed pistons? 

 

Total heat flux in an aluminium alloy piston with a convex 

shape and the lowest temperature on the top surface of a 

convex piston, 154.39 0C; have been found to not exceed 

10.64 W/mm2 in this study. As a result, it is concluded 

that the concave piston type has better thermal properties 

in this research.  

 
As a consequence of the testing results, the convex head 

type column has better thermal properties, allowing the 

column to be designed in line with thermal material 

requirements. ANSYS 14.5 software was used to conduct 

the research. The results are based on the finite element 

technique. As a result, advanced materials, as well as 

different designs and testing methods, may be used to 

future research. 
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