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Abstract— Present study deals with the past literature survey 

which explain that in piston that is part of internal combustion 

engine and sustain high range of temperature inside the 

engine cylinder. The parameters used for the investigation is 

operating gas pressure, temperature and material functions of 

piston. In I.C. Engine piston is most difficult and essential 

element as a result for smooth running of vehicle, piston 

should be in proper working condition. Piston fails mostly 

because of mechanical stresses and thermal stresses. This 

study deals with the thermal loads which are acting on surface 

of piston and causes failure. The objectives of this paper are 

to study costs and materials optimization with the help of 

stress analysis by FEA technique. The designation material of 

these components is steel alloy. 
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I. INTRODUCTION 

Piston as one of the most important parts of the diesel engine, 

the working conditions are harsh, because it exposed to the 

influence of the thermal load in the work process. As the most 

critical part of the engine, the working conditions of the 

piston, it is possible to greatly affect the life and performance 

of the engine, so it is particularly important to carry out the 

thermal analysis to the engine piston. In this paper, we 

introduces the basic theory of thermal analysis, by thermal 

analysis to diesel engine piston, calculated the temperature 

field of the piston with the finite element analysis software. 

We have compared the measured temperature of the piston at 

several key points with the calculated results and repeatedly 

modified the boundary condition for the temperature and the 

heat exchange coefficient. This experiment could be helpful 

for design engineer for changes of piston at the time of design. 

In this project we determine the various stress calculation by 

using pressure analysis, thermal analysis form that we can 

find out the various zones or region where chances of 

breaking of piston are possible. From analysis it is very 

simple to analyze the creation of piston. The major demand 

of piston design is to calculate the calculation of temperature 

circulation on the surface of piston which is used to analyze 

the thermal aspects for making of piston at lesser cost. Mainly 

pistons are design of an aluminum alloy which has great 

thermal expansion coefficient, 80% larger than the cylinder 

bore material considered by cast iron. This leads to some 

differences between running and the design clearance. 

Therefore investigation of the piston thermal performance is 

extremely essential in designing more competent compressor.  

Proper fitting of piston within the cylinder is primary rule to 

design of piston, also develop the mechanical efficiency and 

decrease the inertia force in high speed machinery the weight 

of the piston also acting major role. To permit for thermal 

expansion, the diameter of the piston should be lesser than 

that of cylinder diameter. The essential clearance is 

considered by optimized the temperature variation between 

piston and cylinder by considering the coefficient of thermal 

expansion in piston. 

A. Fundamental of Piston 

A piston is a cylindrical element of metal that reciprocates 

inside the cylinder which applies a force on a fluid within the 

cylinder. Pistons have outer rings which provide to maintain 

the oil leak in to the combustion chamber and the fuel and air 

out of the oil. Most pistons fitted in a cylinder have piston 

rings. Generally there are two spring compression rings that 

perform as a seal between the piston and the cylinder wall, 

and one or more oil control ring s below the compression 

rings. The upper surface of the piston can be flat, bulged or 

other shaped. Pistons can be design by forged or cast process. 

The profile of the piston is normally rounded but can be 

different. Figure 1 shows the design of piston engine. The 

piston is a main element of a piston engine and of hydraulic 

pneumatic systems. 

 
Fig. 1: Schematic Diagram of Piston 

II. FINITE ELEMENT ANALYSIS FOR OPTIMIZATION 

In optimization of different internal combustion components, 

material and cost are to be taken according to their respective 

densities and market price. The best material according to the 

required need is taken as suitable. FEM is numerical methods 

for solving the problems of stress and thermal analysis which 

give optimize result to suitable materials. Typical problems 

areas of interest include structural analysis, heat transfer and 

fluid flow analysis. The analytical solution of these problems 

are generally requires the solutions for boundary value 

problems for partial differential equations. To execute the 

finite element investigation of the piston when the pressure of 

the gasses acts upon it, a structural examination using 

ANSYS Workbench V.14.0 takes place. At this step the 

investigation of the piston is a linear static one, when minor 
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modification in rigidity take place, there are no modifications 

in the direction of the loading, the materials stay within linear 

flexible region and miner deformations and stresses are 

produced. The model of the piston is designed in Solidwork 

2016 and saved in this file as *.igs, and then imported in 

ANSYS Workbench. Experimental Piston Model was 

analyzed by with ANSYS that is associate with engineering 

simulation commercially used software package providing a 

complete group that extents the complete variety of physics, 

offering right to use to almost several field of thermal 

engineering application that a design method needs. The 

software package use it’s tools to place a virtual product 

through a rigorous testing procedure like testing a Piston 

model below totally different loading circumstances before it 

turns into a considerable object. 

III. LITERATURE STUDY 

Computer aided engineering equipment lets in engineers to 

layout product and to simulate those designs for residual 

pressure, structural response, thermal consequences, pre-

processing and post processing fatigue at the car component. 

The thermal flux, thermal temperature distribution studied by 

way of reviewing various authors in the field of thermal 

evaluation, this have a look at can be helpful for individuals 

operating in area of steady state thermal evaluation of piston. 

Past literature studies by researcher are described below: 

Balahari Krishnan s. et al. [1] they studied 

approximately using light-weight materials, which include 

advanced ultra-high tensile strength steels, aluminum and 

magnesium alloys, polymers, and carbon-fiber strengthened 

composite materials. Here the life of the piston is progressed 

by using introducing a new composite matrix of aluminum 

with particulates of silicon carbide which has the most put on 

issue and which has the same overall performance besides a 

little bit variant in properties known as Al 6061 alloy in 

reinforcement with Silicon carbide. The piston is designed 

and analyzed via aluminum and silicon carbide in the ratio 

2:3. A parametric version of a piston is executed in 3-D 

modeling software Autodesk Inventor. Further, it is analyzed 

for its deformation behaviors through ANSYS Workbench 

software program. The composite piston is able to 

withstanding heavy masses under very severe environments. 

It also gives high strength retention on ageing. Both the 

pistons have a good temperature distribution beneath heavy 

loads. The Al SiC piston is extra premier due to cost powerful 

and decrease pressure attention and deformation. 

Dipayan Sinha et. Al. [2] Piston has been analyzed 

numerically with FEA software named ANSYS Workbench 

to assess its thermo mechanical capability under a predefined 

thermal and structural load. To augment the performance of 

the engine, weight of the piston has been saved minimal by 

using optimizing exceptional dimensions. In this system of 

optimization the pressure has additionally been saved 

underneath a sure restrict and this process of optimization has 

been performed in software named SolidWorks. To improve 

the thermal overall performance of the piston unique Thermal 

Barrier Coatings (TBC) has been imposed and their thermo 

mechanical performance has been evaluated via couple-field 

evaluation in ANSYS.  

 

G Gopal et. al. [3] studied a mechanism of the 

Piston, Connecting rod and Crank shaft of a four wheeler 

petrol engine. The components of the assembly have to be 

inflexible and the assembly has to move as a mechanism. 

Hence, the analysis should contain a inflexible-body 

evaluation and bendy-body analysis. So the forces within the 

components because the engine reciprocates must be 

calculated and these forces are used to calculate the dynamic 

stresses within the element of interest i.e. the connecting rod. 

It is proposed to replace with two new sets of materials for 

the components of the assembly and check the parameters by 

way of performing the static, dynamic and thermal 

evaluation. In this study, the primary parts of the assembly 

i.e. Engine piston, connecting rod and crankshaft are modeled 

and assembled as in line with the given design. And the Finite 

Element Analysis is carried out in ANSYS. The meshing is 

carried out in Hyper Mesh. 

Molla Shehanaz et. al. [4] thermal analyses are 

investigated on a piston, made of Cast Aluminum alloy and 

titanium alloy. Then, structural analyses are performed on 

piston of titanium alloy & Aluminum alloy material by means 

of using ANSYS workbench. The effects of thermal 

behaviors of the pistons are investigated. The main objective 

is to investigate and analyze the thermal stress distribution of 

piston at the real engine condition during combustion process. 

This work advancement by utilizing finite element analysis to 

anticipate the higher stress and critical area are on the 

component. In order to find the displacement, thermal and 

stress appropriation of the piston, ANASYS software is 

utilized to analyze the piston under the thermal loads and 

mechanical loads. The outcomes are demonstrated that the 

temperature conveyance happens on the top point of the 

piston when the piston under the thermal load and the best 

stress happens on the piston stick when the piston under the 

heat structure coupling. 

Ankit Kumar Pandey et. al. [5] investigated design, 

evaluation and optimization of 4 stroke S.I. Engine piston, 

which is strong and lightweight the usage of finite element 

analysis with the help of ANSYS Software. Solid Model of 

piston has been made the use of ANSYS 16.2 Geometric 

module and Thermo-Mechanical (Static Structural Analysis 

+ Steady-State Thermal Analysis) analysis is achieved to 

analyze stresses, general deformation and factor of safety 

distribution in numerous parts of the piston to understand the 

impact due to gasoline strain and thermal versions using 

ANSYS 16.2. Piston optimized the use of Response Surface 

Optimization module. The thickness of piston barrel is 

decreased via 52.28%, the thickness of the piston crown head 

accelerated by means of 9.41%, the width of top land 

extended by 3.81%, axial thickness of the ring is accelerated 

by 2.38% and radial thickness of the ring decreased through 

5.31%, resultant mass of the piston decreased by means of 

26.07% and it’s thing of protection increased by means of 

3.072%. 

J. koteswara Rao et. al. [6] Piston model is analyzed 

the use of unigraphics and outcomes are proven by fabricating 

piston by way of vortex approach the usage of aluminum 

primarily based mmc containing 5, 10, 15, wt. % and fly ash 

particulates of 53micro meter. Here we used stir casting 

method to get appropriate form and complexity. And after 

casting suitable machining is completed to the component to 
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get the desired form. Results indicates that this technique 

enhance the performance of the automotive. It is concluded 

that the modified model of the piston is giving higher 

consequences than the original model. The stresses are 

decreased inside the changed model. And also this version the 

load of the piston is decreased and the reliability of the piston 

increases. By the various tests performed on it deliver the 

hardness and wear and friction, aspect is how it varies from 

regular model to the modified model. 

Jadhav Vishal et. al. [7] Conducted an experimental 

evaluation of the engine overall performance, substances of 

the piston is made from affects the power of the piston. The 

most stress depth is on the bottom surface of the piston crown 

in both the substances, as it's far predicted. The maximum 

displacement is absorbed on the top of the piston of 4032 and 

A2618. The highest range of maximum temperature 

determined in the piston is due to the thermal conductivity of 

the materials and the entire maximum heat flux is absorbed in 

both the piston materials. Results comparison among alloys 

is determined approximately identical. Thus in addition 

studies may be carried with the advance substances and 

various designing optimization tool. 

K.Venkatareddy et. al. [8] they studied to improve 

the performance of the engine there is a requirement to 

investigate the piston. Pistons that are usually made up of 

alloy steels that display the grate resistant in opposition to 

thermal loads and structural loads. In the undertaking, we 

design a piston via the use of solid works 2016 software 

program and that they did the structural load evaluation and 

thermal evaluation by using making use of various materials 

together with composites on piston in ANSYS workbench 

software program. 

Sundaram.K et. al. [9] they investigated 3D Model 

that is prepared in CREO after that CAE analysis is executed 

by Ansys 14.5 and three different materials (Al with 10% 

SiC, AL with 20% SiC and AL With 30% SiC) for piston are 

taken into thermal analysis. From the result obtained from 

ANSYS, It Seems that the Aluminum with 10% SiC material 

having better temperature distribution in both steady state 

thermal analysis as well as transient state thermal analysis 

hence aluminium with 10% SiC Material is better than 

Aluminium alloy Material therefore Aluminium with 10% 

SiC Material is most suitable for piston. 

Vinay Kumar Attar et. al. [10] Studied and analyzed 

by using the usage of ANSYS software the thermal stress 

mitigation could be a very important component that is 

responsible to the designing of piston crown or piston head. 

In this work the primary consideration is to optimize the 

piston with discount of piston weight. The material of the 

piston will become decreased. Then the optimized result of 

the piston obtained. Piston skirt might also seem deformation 

at work, which typically formed crack on the higher end of 

piston head. Due to the deformation, the finest stress 

concentration is triggered on the upper end of piston, the state 

of affairs becomes more serious when the stiffness of the 

piston isn't always sufficient, and the crack generally 

appeared on the point A which may additionally step by step 

extend and even purpose splitting alongside the piston 

vertical. The stress distribution at the piston mainly depends 

on the deformation of piston. Therefore, which will reduce 

the strain awareness, the piston crown should have sufficient 

stiffness to reduce the deformation. 

Abino John et. al. [11] they studied approximately 

Aluminum Silicon Carbide (AlSiC), an aluminum matrix 

composite is used as an opportunity for aluminium. A 3-D 

model changed into made using CATIA v6 and Structural and 

thermal evaluation changed into done on ANSYS 14. 

Compared to Aluminium, AlSiC has higher abrasion 

resistance, creep resistance, dimensional balance, quite 

desirable stiffness-to-weight and energy-to-weight ratios and 

higher excessive temperature overall performance. 

Fabrication of piston the use of AlSiC is also simple than 

using Aluminium. 

B.A. Devan et. al. [12] they studied to discover the 

thermal distribution of different Piston Materials used. In IC 

engine Piston is one of the most important and complex parts, 

so it's critical to preserving Piston in an exact situation which 

will hold the right functioning of the engine. Piston 

particularly fails because of thermal Conditions. So as to seek 

out proper thermal distribution various Piston Materials are 

taken into consideration. From the evaluation consequences 

of different material on piston is determined that overall heat 

flux reduces in AlSiC composite compared to Al-Si, Al-Mg-

Si, Alloy. The most heat flux reduced by using will increase 

composition of carbides in AlSiC Alloy. 

Dilip Kumar Sonar et. al. [13] they performed a 

thermal analysis of piston and the piston gets affected by 

specific mechanisms. The allowable stress has been drived 

which the piston can undergo deformed. The factors has been 

studied which affects the piston the most. The strain 

distribution on the piston mainly depends on the deformation 

of piston. Therefore, in order to decrease the stress awareness, 

the piston crown should have sufficient stiffness to lessen the 

deformation. The deformation and the pressure of the piston 

are specifically decided via the temperature, so it is necessary 

to lower the piston temperature through structure 

development. 

In this study the layout specifications provided by 

means of Kirloskar Engine is used. If the piston production 

industries observe those prototypes to design a piston, there 

is an assurance that the existing span and effectiveness of the 

piston could be manner better than the everyday designed 

pistons. 

Lokesh Singh et. al. [14] they studied three 

dimensional strong version of piston including piston pin is 

designed with the assist of CATIA and SOLIDWORKS 

software. The thermal stresses, mechanical stresses and 

couples thermo-mechanical stresses distribution and 

deformations are calculated. After that fatigue analysis 

become performed to investigate thing of safety and existence 

of the piston assembly using ANSYS workbench software. 

Aluminum-silicon composite is used as piston material. The 

stress analysis results also help to enhance factor layout on 

the early level and additionally assist in decreasing time 

required to fabricate the piston element and its value. The 

calculated results also imply that the maximum thermal load 

is 96.014 MPa and the maximum pressure of the gas gasoline 

explosive pressure is 210.75 MPa. This reality makes clear 

that the explosive stress of gas fuel is the primary element to 

motive the stress concentration. 
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M.Srinadh et. al. [15] they studied to designed a 

piston for 1300cc diesel engine vehicle and brought three 

exclusive profile rings. A 2D drawing is constituted of the 

calculations. The piston and piston rings have modeled the 

use of Pro/Engineer software program, The pressure and 

displacement are analyzed for the piston and piston rings by 

making use of stress on it in the Structural analysis. By staring 

at the analysis effects, they can determine whether or not our 

designed piston is secure or now not underneath implemented 

load situations. The thermal flux, the thermal temperature 

distribution is analyzed by way of making use of temperatures 

at the piston surface in the Thermal analysis. The structural 

and thermal analysis was also performed on the piston and 

piston earrings version the usage of Cast iron, Aluminum 

Alloy A360 and Zamak. By comparing each the cloth 

analysis and decided which cloth is better for production of 

Piston and piston rings. Structural and Thermal analysis had 

been additionally performed in ANSYS software. 

Nunna Durga Prasanth et. al. [16] they conducted a 

thermal evaluation of piston by way of the use of Hybrid steel 

matrix. In the prevailing work, a specimen is made to Al-Sic-

graphite contained in particulate metal matrix composites by 

way of stir casting method. The expansion degree of graphite 

being Varied from 3-5wt% in the assignment of 1wt% and the 

rate of SiC is steady (i.e. 5%). Brinnel hardness, tensile 

residences and effect energy of the composites have been 

examined with the norms. Microstructural portrayal exposed 

simply uniform appropriation inside the network. The 

hardness quantity of the composite is discovered to increase 

with an growth in graphite as much as 5% after which 

decrease. The tensile strength of the composites was likewise 

located to build declaring the scattered graphite in Al 

amalgam contributed in upgrading the tension of the 

composites. The Piston is modeled using CATIA modeling 

and Finite Element analysis is done for same model making 

use of ANSYS software for Aluminium (Pure) and Al-SiC-

graphite. 

Ajay Raj Singh et. al. [17] they studied the stress 

variations and thermal stresses of three various aluminum 

alloys piston by using finite element method (FEM). The 

parameters used for the simulation are performing gas 

pressure, temperature and material behaviors of piston. The 

conditions used for the investigation of these pistons belong 

to four stroke single cylinder engine of Bajaj Kawasaki 

motorcycle. This study explain the procedure for analytical 

design of three aluminum alloy pistons using specifications 

of four stroke single cylinder engine of Bajaj Kawasaki 

motorcycle. The results forecast the maximum stress and 

serious area on the various aluminum alloy pistons using 

FEA. It is essential to situate the vital area of concentrated 

stress for appropriate alterations. Static and thermal stress 

examination is executed by using ANSYS 12.1. The best 

aluminum alloy substance is preferred depend on stress 

analysis consequences.  

IV. CONCLUSION 

After going through literature review of various authors it can 

be concluded that, Al–Si based alloys have been widely used 

in automotive piston and other thermal applications because 

of good mechanical and thermal properties, lightweight 

structures, environmental and other attractive properties. But 

to manufacturing the automotive piston the basic Al-Si alloys 

are unbeneficial and may not fulfill the basic requirements of 

piston. And produced various unwanted stresses in 

components during the manufacturing. By controlling the 

exhaust gas temperature, catalytic converter life span can be 

improved. The heat transfer in exhaust arrangement directly 

influences the functions and the discharge characteristics of 

the internal combustion engine. For improvement in the 

performance of an engine, it is necessary to control the 

temperature in automotive exhaust system. To calculate the 

temperature impact and heat switch to the engine piston 

crown it become concluded that spatial and time averaged 

combustion side boundary situation is a most favorable and 

suitable treatment technique inside engineering 

approximations. 

REFERENCES 

[1] Balahari Krishnan S, Aezhisai Vallavi MS, Arunkumar 

M and Haripraveen A, 2017, “Design and Analysis of an 

IC Engine Piston using Composite Material", European 

Journal of Advances in Engineering and Technology, 4, 

pp. 209-215. 

[2] Dipayan Sinha, Susenjit Sarkar,Samar Chandra Mandal, 

2017, "Thermo Mechanical Analysis of a Piston with 

Different Thermal Barrier Coating Configuration", 

International Journal of Engineering Trends and 

Technology (IJETT), 48, pp. 335-339. 

[3] G Gopal, L. Suresh Kumar, K Vijaya Bahskar Reddy, M 

Uma Maheshwara Rao, 2017, "Analysis of Piston, 

Connecting rod and Crank shaft assembly", Elsevier, 4, 

pp. 7810-7819. 

[4] Molla Shehanaz, G.Shankariah, 2017, "Design and 

Analysis of Piston Using Composite 

Material",International Journal of Innovative Research 

in Science, Engineering and Technology, 8, pp. 16039-

16048. 

[5] Ankit Kumar Pandey, Sandeep Jain, Lokesh Bajpai, 

2016, "Design, Analysis and Optimization of Four 

Stroke S.I. Engine Piston using Finite Element Analysis 

in ANSYS software", International Journal of Advance 

Engineering and Research Development, 9, pp. 16-27. 

[6] J.koteswaraRao, MD.Mansoor Ahamed, S.Raju, 2016, 

"Fabrication Design And Analysis Of Piston Using 

Metal Matrix Composites", International Research 

Journal of Engineering and Technology (IRJET), 11, pp. 

448-453. 

[7] Jadhav Vishal, R.K. Jain,Yogendra S.Chauhan, 

2016,"Design And Analysis Of Aluminum Alloy Piston 

Using Cae Tools", International Journal Of Engineering 

Sciences & Research Technology, 7, pp. 332-339. 

[8] K.venkatareddy, V.chandrashekar Goud, 2016, "Design 

and Analysis of the Piston by Using Composite 

Materials", international journal of professional 

engineering studies, 7, pp. 153-162. 

[9] Sundaram.K, Palanikumar.N, 2016,"Investigation And 

Analysis Of Piston By Using Composite Material”, 

IJARIIE, 2, pp. 1447-1454. 

[10] Vinay Kumar Attar, Himanshu Arora, 2016, “Transient 

Thermal Analysis of Internal Combustion Engine Piston 



A Review Paper on Thermal Analysis of Piston by Finite Element Analysis 

 (IJSRD/Vol. 5/Issue 12/2018/174) 

 

 All rights reserved by www.ijsrd.com 661 

in ANSYS Workbench by Finite Element Method", 

international journal of engineering sciences & research 

Technology, 6, pp. 805-810. 

[11] Abino John, Jenson T Mathew, Vasdev Malhotra, 

Vasdev Malhotra, 2015, "Design and Analysis of Piston 

by SiC Composite Material”, IJIRST –International 

Journal for Innovative Research in Science & 

Technology, 12, pp. 578-590. 

[12] B.A.Devan, G.Ravindra Reddy, 2015, “Thermal analysis 

of Aluminum alloy Piston", International Journal of 

Emerging Trends in Engineering Research (IJETER), 6, 

pp. 511-515. 

[13] Dilip Kumar Sonar, Madhura Chattopadhyay, 2015, 

"Theoretical Analysis of Stress and Design of Piston 

Head using CATIA & ANSYS", International Journal of 

Engineering Science Invention, 6, pp. 52-61. 

[14] Lokesh Singh, Suneer Singh Rawat, Taufeeque Hasan, 

Upendra Kumar, 2015, "Finite Element Analysis Of 

Piston In ANSYS", International journal of modern 

trends in engineering and research, 4, pp.619-626 . 

[15] M.Srinadh, K. Rajasekhara Babu, 2015, "Static and 

Thermal Analysis of Piston and Piston Rings", Inte 

rnational Journal of Engineering Technology, 

Management and Applied Sciences, 8, pp. 51-58. 

[16] Nunna Durga Prasanth, B Venkataraman, 2015, 

"experimental investigation and analysis of piston by 

using hybrid metal matrix", international journal of 

engineering sciences & research Technology, 4, pp. 94-

102. 

[17] Ajay Raj Singh, Pushpendra Kumar Sharma, 2014, 

"Design, Analysis and Optimization of Three 

Aluminium Piston Alloys Using FEA", Int. Journal of 

Engineering Research and Applications, 1, pp. 94-102.  


