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Abstract 

 

A piston is a reciprocating part of an engine which is bound by a cylinder and plays the role of changing the heat and pressure 

energy produced by rapid combustion of fuel in the combustion cycle into mechanical work. Since the piston is acted upon by so 

much forces, it has to be designed in such a way that it can withstand all of them without any shear failure. Over the past 

decades, Aluminium has managed to prevail as the best material to be used as piston, but after the discovery of aluminium alloys, 

the latter has taken the privilege. Aluminium alloys are much light and possess great moduli and thermal properties which puts 

them in the front seat. In this paper we have done a comparative study of structural and thermal behavior of piston when 

designed using commonly used Aluminium and Al 6082-T6 alloy. The results were quite appealing and satisfying to choose Al 

6082-T6 to serve as a better piston material over the conventional aluminium and other alloys. For this, piston was modeled in 

Solidworks 14 and analysed in Ansys 15. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

With this fast growing technology and rapid production of supercars, they essentially demand a lighter body with 

uncompromised strength to meet the high energy output with minimum wastage of fuel. This essentially calls for the 

optimization of engine which in turn falls in the improvement of piston design. Proper selection of material for piston also falls 

in this optimization problem. Hence this arises a situation where the material needs to possess light weight, high moduli and 

strength, good thermal conductivity for proper distribution of heat and an economical price which are always met by Aluminium 

alloys. 

But even among Aluminium alloys there are humongous variants with specific properties optimized, like density, tensile 

strength and thermal conductivity. Among all of them Al 6082-T6 proves to be the best in class with the optimum properties 

values that we require. The key aspects of this variant of Aluminium are: 

 High strength to weight ratio 

 High tensile strength and hardness as it’s tempered 

 Very good thermal conductivity. 

All these theoretical advantages of Al 6082-T6 alloy over conventional Aluminium alloys were critically compared by         

creating a 3D model using Solidworks 14 and analysis (structural and thermal) was done in Ansys 15. The experimental results 

got clearly matched up with those of the theoretical results.   

II. ANALYTICAL METHOD 

 Body Design: 

 
Fig. 1: Engineering drawing of a piston 



Design and Analysis of Aluminium 6082-T6 Piston  
(IJIRST/ Volume 3 / Issue 11/ 007) 

 

 
All rights reserved by www.ijirst.org 40 

Solidworks software by Dassault Systèmes SOLIDWORKS Corp. suggests a complete set of 3D software tools that lets you 

generate, simulate, publish, and manage our data. Solidworks software hosts a very friendly environment where, designing a 3D 

model can be learnt, generated and simulated easily. It provides a very good platform for the beginner level engineers and design 

lovers to bring their virtual ideas in a 3D model effectively. 

Since we already has a hands on in Pro-E, working in Solidworks wasn’t a big deal. Just like the way in Pro-E we created our 

piston model in Solidworks using simple commands and completed the model. After the completion of 3D model it allows to 

print out in two ways. They are: 

1) 2D engineering drawing (Fig 1) 

2) 3D model (Fig 2) and orthographic view (Fig 3) 

 
Fig. 2: 3D end model using Solidworks 

 
Fig. 3: Orthographic view of modelled piston 

 Engineering Data: 

 Aluminium   

 Al 6082-T6  

 Aluminum 

The silvery-white element classified as a metal, found as 13th in periodic table and earmarked as light, durable and functional. 

Discovered around 200 years ago and it still plays a prominent role in our life by entering into our homes as utensils, 

automobiles, gadgets,etc… It’s the earth’s third most common element and is not found in its pure form. It is predominantly 

present as sulphates. Aluminium’s principal ore is bauxite. 
Table – 1 

Aluminium properties 
Density  2.7e-003 kg m-3  

Thermal Conductivity-  0.237 KW m-1 C-1  

Young's Modulus  70000 MPa  

Poisson's Ratio  0.35  

Bulk Modulus  77778 MPa  

Shear Modulus  25926 MPa  

 Al 6082-T6  

Aluminium has a range of alloy series ranging from 1000 to 7000 and furthermore other classifications. Most of the aluminium 

alloys are casted or forged and their prominent usable range alloys are all wrought type alloys which vary in slight composition 

of Magnesium, silicon, manganese and copper. Among these 6082 falls under the 6000 series and has larger portion of Silicon 
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(0.7%-1.3%), Magnesium (0.6%-1.2%), Manganese (0.4%-1.0%) and traces of copper, zinc, iron and chromium. Our 6082 is 

hardened by precipitation under artificial aging process which gives good hardness. Among 6082 itself there are about 10 

variants depending on heat treatment grades. 
Table – 2 

Properties of amc225xe 

Elastic Modulus  72 GPa  

Ultimate Tensile Strength  330 MPa  

Yield strength 270 MPa 

Strain to Fail  10%  

Poisson’s Ratio  0.33  

Thermal Conductivity  170 W/m/ºC  

Density  2.70 g/cm3  

  

 
Fig. 4: Microstructure of Al 6082-T6 

III. RESULTS AND DISCUSSIONS 

.   
Fig. 5: Piston imported to ANSYS 15 from solid works 14         Fig. 6: Piston is auto meshed in ANSYS 15 

Both structural and themal analysis of piston can be done in ansys software itself. Basically its an analysis software meant for 

critically analyzing the models by segmenting them into smallest parts possible. It acts as finite element analysis tool for 

structural analysis and also includes thermal analysis, thermal-structural analysis and thermos-electric analysis. 

 Thermal Analysis: 

Here the physical properties of materials are chracterised based on temperature. In this project total heat flux and temperature 

distribution are the required outputs, for them the input required is the temperature values at various regions of the piston which 

were properly feeded into the software to get the results. 
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Fig. 7: Initial assumptions for thermal analysis 

 
Fig. 8: Steady state thermal analysis for Al 6082-T6 

 
Fig. 9: Steady state thermal analysis for Aluminium 
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Fig. 10: Total heat flux in Al 6082-T6 

 
Fig. 11: Total heat flux in Aluminium 

 Static structural Analysis: 

Instead of doing analysis in a complex dynamically loaded state, we assume the model has fixed supports and as statically 

loaded. This provides a chance to input the pressure experienced by the piston in the combustion chamber and we try to get the 

results for total deformation and various stresses and strains experienced by the piston like normal, shear, equivalent stress and 

strain, etc… 

 
Fig 12: Initial assumptions for structural analysis 



Design and Analysis of Aluminium 6082-T6 Piston  
(IJIRST/ Volume 3 / Issue 11/ 007) 

 

 
All rights reserved by www.ijirst.org 44 

 
Fig. 13: Total deformation of Al 6082-T6 

 
Fig. 14: Total deformation of Aluminium 

 
Fig. 15: Equivalent stress of Al 6082-T6 
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Fig. 16: Equivalent stress of Aluminium 

 
Fig. 17: Normal stress of Al 6082-T6 

 
Fig. 18: Normal stress of Aluminium 
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Fig. 19: Shear stress of Al 6082-T6 

 
Fig. 20: Shear stress of Aluminium 

IV. COMPARISON  

Table - 3 

Comparison of Thermal properties 

Material 
Temperature (.c) 

Total Heat flux(w/m2) 
Maximum Minimum 

Aluminium 450.15 379.55 6.7455*105 

Al 6082-T6 450.18 361.07 6.4282*105 

Table - 4 

Comparison of Structural properties 

Material Total deformation(m) Normal stress(Pa) 

Aluminium 0.0029924 2.0391*109 

Al 6082-T6 0.0029411 1.9772*109 

V. CONCLUSION 

A piston made of Al 6082-T6 grade alloy has been designed and analyzed successfully. Compared to aluminium, the aluminium 

alloy is found to have lower thermal stress and good temperature distribution. Usage of Aluminium pistons have been optimized 

with the validity of 6082. From this project we can conclude that aluminium alloys can still prevail as the optimal piston 

material. 
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