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Abstract— The power can be generated in the combustion 

chamber of an automobile. The combustion chamber is the 

place where the charge burns in. The charge i.e. air and fuel 

at various proportions depending upon the accelerations 

made is sent through carburettor which is compressed inside 

the combustion chamber with to and fro moments of piston 

within the top and bottom dead centres. After the 

combustion, the burnt charge exerts a lot of force on the 

piston. The piston plays various roles in compressing the 

charge and in transferring the produced power to the 

crankshaft. During this process, always the piston is in 

contact with the charge. The burnt charge has temperature 

about 12000C. The heat flows into the piston. So the piston 

should have sufficient mechanical strength to with stand the 

force acting by the explosion and the piston should be 

thermally stable to with stand the heat flow into the piston. 

The piston is cooled by providing cooling fins external to 

the surface of Combustion Chamber. In this paper the 

thermal analysis of the piston is done by modelling the 

piston with aluminium alloy. The thermal analysis was 

analysed using software ANSYS. It is found that, the 

aluminium alloy piston is having the sufficient thermal 

stability to with stand the high temperatures. 
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I. INTRODUCTION 

Piston is considered as one of the most important parts in the 

reciprocating engines. In which, It helps to convert the 

indicated power gained upon burning the charge possess 

chemical energy into useful mechanical power [1]. The 

purpose of the piston is to provide a means of conveying the 

expansion of the gases to the crankshaft via the connecting 

rod, without loss of gas. 

Piston is essentially a cylindrical plug that moves 

up and down in the cylinder [2]. It is equipped with piston 

rings to provide a good seal between the cylinder wall and 

piston. Although the piston appears to be a simple part, it is 

actually quite complex from the design standpoint.  

Pistons are made of an aluminium alloy which has 

much more silicon present than is soluble in aluminium at 

the operating temperature [3].  Low friction Co-efficient 

bearing under working conditions with Aluminium The 

alloying element in aluminium for pistons is silicon. The 

piston must be as strong as possible; however, its weight 

should be    minimized as far as possible in order to reduce 

the inertia due to its reciprocating mass [4]. 

Aluminium materials for pistons satisfy many 

requirements demanded of modern pistons. The low density 

allows low weight and reduced mass forces of the 

reciprocating piston. High heat conductivity results in an 

acceptable temperature level, and the good strength 

characteristics at elevated temperatures are favourable for 

deformation and cracking resistance [5]. 

II. EXPERIMENTAL DETAILS 

A. Geometric Modeling: 

1) Creation of Solid Bodies 

We can create solid bodies by sweeping sketch and non-

sketch geometry to create associative features or Creating 

primitives for the basic building blocks, then adding more 

specific features (for example, holes and slots).Sweeping 

sketch and non-sketch geometry lets us to create a solid 

body with complex geometry. This method also gives us 

total control over the editing of the body. Editing is done by 

changing the swept creation parameters or by changing the 

sketch. Editing the sketch causes the swept feature to update 

to match the sketch. Creating a solid body using primitive’s 

results in a simple geometry solid body. Making changes to 

primitives is more difficult, because primitives cannot 

always be parametrically edited. We can use primitives 

when we do not need to be concerned with editing the 

model. Generally, however, it is to our advantage to create 

the model from a sketch. 

 
Fig 1: different views of piston 

III. RESULTS AND DISCUSSIONS 

A. Thermal Analysis: 

In this thermal analysis   Aluminium as piston material FEA 

has been conducted for Aluminium as piston material. 

 
Fig. 1: Meshed Model of the Piston 
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Fig. 2: Nodal Temperature of Aluminium Piston 

From the analysis, It is observed that the Maximum 

temperature on the piston is 3750 C and the Minimum 

Temperature on the piston is 276.940 C. 

 
Fig. 3: Thermal Gradient  in x direction 

From the analysis, It is observed that X- component 

temperature difference of piston: 1)The maximum 

temperature difference of  the piston in x- component  is 

0.7860C.   

 
Fig. 4: Thermal Gradient in Y-Direction 

It is observed that Y- component temperature 

difference of piston. 1) The maximum temperature 

difference of the piston in Y-component is 0.24990C. 

B. Structural Analysis  

Mechanical properties that are important to a design 

engineer differ from those that are of interest to the 

manufacturing engineer. In design, mechanical properties 

such as elastic modulus and yield strength are important in 

order to resist permanent deformation under applied 

stresses. Thus, the focus is on the elastic properties. 

In manufacturing, the goal is to apply stresses that 

exceed the yield strength of the material so as to deform it to 

the required shape. Thus, the focus is on the plastic 

properties. 

C. Material Properties: 

1) Young’s modulus = 70x109
 N/m2 

2) Bulk modulus = 26x109 N/m2 

3) Poisson’s ratio = 0.35 

4) Density = 2700 Kg/m3 

 
Fig. 5: Deflection of piston 

A static analysis calculates the effects of steady 

loading condition on a structure, while ignoring inertia and 

damping effects such as those caused by time varying loads. 

The above figure shows the deformed shape of the piston. In 

this case the maximum displacement observed is 

0.005997mm. 

 
Fig. 6: Deformation Vector Sum 

The load and change in length between two fixed 

points is recorded and used to determine the stress-strain 

relationship. 
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Fig. 7: X- component displacement of Aluminum alloy 

Piston 

The maximum X- component displacement 

observed is 0.10 mm. For a given value of the load and 

elongation, the true stress is higher than the Engineering 

Stress, while the true strain is smaller than the engineering 

Strain. 

 
Fig 8: Y-Component   displacement of piston 

It is observed that, the maximum Y- component 

displacement   is 0.11 mm. 

 
Fig. 9: XY- Stress of piston 

The maximum stress of the piston is observed to be 

16.501MPa. 

 
Fig 10:  Stress Intensity of piston 

The maximum stress in y direction is 48.023 MPa  

 
Fig. 11: Von- mises stress of piston 

The Maximum Value of Von-Mises Stress is 

48.744 MPa, the von-Mises stress yield criterion is 

independent of the first stress invariant. It is applicable for 

the analysis of plastic deformation for ductile materials such 

as Metals. 

Material  

name 

Deflection 

(mm) 

Von-mises 

stresses                                                       

( MPa) 

Temperature                                                                            

(0C ) 

Aluminum 0.005997mm 48.744 375 

Table 1: 3D Von-mises stress of Aluminum piston 

D. Alloy Steel Piston 

1) Thermal Analysis 

 
Fig. 12: Nodal temperature of piston 

It is observed that the Maximum temperature on the piston 

is 3750 C and the Minimum Temperature on the piston is   

271.3990 C 



Thermal Analysis of Automobile Piston Made of Aluminium Alloy 

 (IJSRD/Vol. 3/Issue 09/2015/114) 

 

 All rights reserved by www.ijsrd.com 474 

 
Fig 13: Thermal Gradient  in x direction 

It is observed that X- component temperature 

difference of piston: 1) The temperature difference of the 

piston in x- component is 6.3260C . 

 
Fig 14: Thermal Gradient  in Y- direction 

From the analysis, It is observed that Y- component 

temperature difference of piston: 

1) The temperature difference of the piston in y-component  

is 14.5590C. 

E. Structural Analysis: 

 
Fig. 15: Deflection of piston 

A static analysis calculates the effects of steady loading 

condition on a structure, while ignoring inertia and damping 

effects such as those caused by time varying loads. 

The above figure shows the deformed shape of the 

piston. In this case the maximum displacement observed is 

0.112 mm 

 
Fig 16: Deformation Sum 

The load and change in length between two fixed 

points is recorded and used to determine the stress-strain 

relationship. 

 
Fig. 17: X -Component   displacement of piston 

The maximum X- component displacement 

observed is 2.825mm. For a given value of the load and 

elongation, the true stress is higher than the Engineering 

Stress, while the true strain is smaller than the Engineering 

Strain. 

 
Fig. 18: Y-Component   displacement of piston 

It is observed that, the maximum Y- component 

displacement   is 0.1 mm 
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Fig. 19:  Stress Intensity of piston 

The maximum stress in y direction is 2.825 MPa . 

 
Fig. 20: Von- mises stress of piston 

From the analysis, the Maximum Value of Von-

Moises Stress is 2.819 MPa. The von-Mises stress yield 

criterion is independent of the first stress invariant. It is 

applicable for the analysis of plastic deformation for ductile 

materials such as Metals. 

Material  

name 

Deflection 

(mm) 

Von-mises 

stresses                                                       

( MPa) 

Temperature                                                                            

(0C ) 

Alloy steel 0.112 2.819 375 

Table 2:  3D Von-mises stress of Alloy Steel Piston 

IV. CONCLUSIONS 

 TFEA investigation has been carried out on the piston 

for Aluminium and Alloy Steel. From the analysis the 

following Conclusions are drawn: 

 The Maximum temperature on the Crown of piston is 

3750c for Aluminium   and Alloy steels whereas the 

variation of temperature along the piston is different for 

different materials due to the varying thermal 

conductivity. 

 The Maximum stress induced in the piston is 48.744 

MPa and 819MPa for Aluminium and Alloy steels 

respectively. Because of its variation of materials 

properties. 

 The piston is rigid for the two materials and varying 

deformation of 0.0059mm and 0.112 mm respectively 

for aluminium and steel pistons. 

 Maximum nodal temperature on the piston is 3750 

Centigrade 
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