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Abstract— A piston is the major reciprocating part of the 

engine, and is utilized to generate power through the 

burning of a fuel. It is due to this, that the material is 

exposed to various types of loads that could lead to the 

failure of the piston after prolonged exposure. The piston 

material is therefore tested beforehand using various types 

of failure tests to analyze and predict the type of failure that 

the piston will undergo. In this project, we have used 

existing tests to analyze the failures of the piston and 

improve the performance of the material by the use of 

composites. 
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I. INTRODUCTION 

In past 20 years, engine has undergone big changes – the 

modern engines are boosted with high specific power 

output. Thus places a greater demand over the quality of 

piston. The improvements in piston have a direct impact on 

the engine life, hence material analysis must be carried out 

to make sure the piston will meet the modern demands of 

power where the peak pressure in an engine has increased 

from 6Mpa to 8Mpa. 

Pistons are made from materials that have the following 

properties: 

 Light weight 

 Good wear resistance and thermal conductivity 

 High strength to weight ratio 

 Free from rust 

 Easy to cast and machine 

 Non-magnetic and non-toxic 

II. ALUMINIUM AND MMC AS PISTON MATERIAL 

A. Aluminium  

Aluminium and its alloys are the most commonly used 

material for pistons. This is majorly due to the fact that 

aluminium, and its alloys possesses the properties required 

in the material. The properties of aluminium according to 

the AALCO Non-Ferrous stock list are: 

 Density(kg/m3 ): 2689.8 

 Youngs Modulus (Gpa): 68.3 

 Thermal conductivity(W/mK): 205.8 

 Coefficient of linear expansion (/C) : 23.5x10-6 

 Poissons Ratio: 0.35 

B. Metal Matrix Composite 

A metal matrix composite is a material with at least two 

constituent parts, one being a metal and other material may 

be a different metal or another material, such as ceramic or 

organic compound.  

The MMC are made by dispersing a reinforcing 

material into a metal matrix. The common reinforcing 

materials are alumina, silicon carbide etc. 

Among MMC materials, the composites with 

aluminium alloy matrix (AlMCs) are the largest group, 

mainly due to their favourable properties such as low 

density, thermal conductivity, specific strength, wear 

resistance and the ability to be formed and treated on 

conventional equipment. 

C. Composition of Piston Materials 

Two piston materials are designed, with one having an alloy 

composition while the other is a metal matrix composite of 

aluminium with 10% Silicon Carbide in proportion to its 

weight. 

The alloy piston has the following composition: 

Al Si Fe Cu Mn Mg Cr Zn 

95.04 0.2 0.2 3.15 0.08 1.12 0 0.21 

Table 1: Piston alloy Composition 

The composition for the composite piston consists 

of aluminium, A4032 as t metal matrix along with 10% by 

weight of Silicon Carbide stir casted to make an MMC.  

III. DESIGN CALCULATION FOR PISTON DESIGN 

The minimum piston head thickness is calculated by the 

Grashoff’s Formula: 

th = 0.433 x D x  

Where,  

 
Radial Thickness of Ring (t1) 

 

t1 = 75 x  = 75 x 0.0288 = 2.16mm 

Minimum Axial thickness (t2) = 0.7t1 to t1 

Hence, t2 = 0.9x t1 = 1.944 

Width of top land (b1) = 1.1th = 7.7mm 

Width of other land (b2) = 0.75t2 to t2 = 1.5952mm 

Length of Skirt(L)=0.6D to 0.8D=0.65x75=48.75mm 

IV. ANALYSIS & TEST RESULTS 

The following tests are performed on piston material for 

material analysis: 

1) Tensile Test. 

2) Hardness Test. 

3) Thermal Conductivity Test. 

4) Microstructure Test. 

PARAMETERS 
PISTON 

A(Alloy) 

PISTON 

B(Alloy) 

Density(kg/m3) 2784095 2755.90 

Poisson’s ratio 0.34 0.38 

Coefficient of Thermal 

Expansion 
84.2 x10-6 22.6x10-6 

Elastic Modulus (GPa) 62 82.7 



Design and Analysis of Piston Materials 

 (IJSRD/Vol. 6/Issue 02/2018/328) 

 

 All rights reserved by www.ijsrd.com 1203 

Yield Strength(MPa) 360 415 

Ultimate tensile strength 

(Mpa) 
299 424 

Thermal 

Conductivity(W/mK) 
158 201 

Hardness in HV5 122 109 

Table 2: Test Results 

 
Fig. 1: Total Deformation of Alloy Piston 

 
Fig. 2: Heat Flux in Alloy Piston 

 
Fig. 3: Total Deformation of Composite Piston 

 
Fig. 4: eat Flux in Composite Piston 

 
Fig. 5: Microstructure of Composite material 

V. FABRICATION 

Fabrication of the Piston is done in the following steps: 

 Pattern Fabrication 

 Casting and Heat Treatment 

 Machining Operation 

A. Pattern Fabrication 

An expendable pattern is prepared using thermocol. 

The pattern allowances are taken into consideration 

and the thermocol pattern is cut accordingly using a 

nichrome wire-heating coil. 

B. Casting and Heat Treatment 

The alloy and composite material are casted by cold 

chamber die casting and stir casting technique respectively 

and after the casting is done, the hardening method is used 

to improve the hardness property of the material. The 

hardening method used for aluminium  is age hardening  

C.   Machining Operation 

Machining operations that follow foundry work are: 

 Turning 

 CNC Lathe Machining 

 Grinding 

 
Fig. 6: Alloy Piston 
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Fig. 7: Composite Piston 

VI. CONCLUSION 

From all the analysis carried out, and the test results 

obtained, it is clear that the addition of silicon changes the 

properties of the piston. The piston properties improve when 

the silicon content is increased. However, it is necessary that 

the mixture of aluminium and silicon is eutectic. It is 

observed that the tensile strength, hardness and thermal 

capacity of the material improves with the addition of 

silicon. We can also conclude from the ANSYS results that 

the design is mechanically safe, the deformation due to force 

and heat does not lead to fracture. It can also be concluded, 

that the composite piston has comparatively better properties 

than the existing alloy piston. 
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