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Abstract- Piston rings have been being used for 

whatever length of time that ignition motors themselves. 

Regardless of this, obliviousness or lacking information 

of piston rings is still every now and again clear today. 

No other segment is so basic when control misfortune 

and oil utilization are in question. With no other part in 

the motor is the partition amongst desires and used 

capital more noteworthy than when supplanting piston 

rings. Very regularly, trust in piston rings endures 

because of the misrepresented requests made on them. 

As demonstrated in before, basic outlines of piston rings 

are not examined sufficiently. Henceforth, the extent of 

this venture includes following goals:To carry out the 

Finite Element Analysis of piston rings subjected to 

various loads acting on it. With also ,Compare the three 

different material i.e. Grey Cast Iron, Aluminium Alloy 

and Carbide Malleable Iron for Piston Ring using 

Finite Element Analysis. 

 

Index Terms- Piston, Piston-Ring, ANSYS, Rectangular 

Cross Section and Tapered Face Cross Section piston 

rings 

 

I. INTRODUCTION 

The first need for minimizing the fluid leakage 

between the piston and the cylinder bore occurred in 

many types of machinery, water pumps, combustion 

engines, air compressors, hydraulic motors, hydraulic 

pumps and others. In the early steam engines no 

piston rings were used. The temperatures and the 

steam pressures were not so high. Increasing power 

demands required higher temperatures, which caused 

stronger heat expansion of the piston material. Initial 

attempt to make an extremely narrow gap resulted in 

very low efficiency. The solution was found in 

isolating the sealing function and making a separate 

element – the piston ring – that could better conform 

to the contact surface of the cylinder bore or cylinder 

liner. The very first piston ring was made of rope and 

assembled into a steam engine in 1774 – thermal 

efficiency increased to 1.4 %. It had the sole task of 

sealing off the combustion chamber, thus preventing 

the combustion gases from trailing down into the 

crankcase. This development increased the effective 

pressure on the piston. 

A piston ring is a split ring used in internal 

combustion engines to fulfill three main functions:  

 seal the combustion chamber from transferring 

gasses into the crankcase, 

 assure the heat flow from the piston to the 

cylinder andprevent the oil, not required for 

grease, from going from the crankcase to the 

burning chamber and to give a uniform oil film 

on the barrel bore surface.  

 
Figure 1.1 Typical ring pack for Internal Combustion 

Engine 

 

1.1 Piston Ring Design 

Piston rings are metallic seals which have the 

capacity of fixing the ignition chamber from the 

crankcase and assuring the stream of warmth from 

the piston to the barrel. Different capacities are to 

keep the oil not required for grease from going from 

the crankcase to the burning chamber and to give a 

uniform oil film on the barrel bore surface. Piston 

rings are categorized into three basic types: 

 compression rings, 

 scraper rings and 

 oil control rings. 

The piston rings form a ring pack, which usually 

consists of 2-5 rings, including at least one 

compression ring. The quantity of rings in the ring 

pack relies upon the motor sort, however for the most 
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part includes 2-4 pressure rings and 0-3 oil control 

rings (two-stroke start touched off motors don't have 

an oil control ring since they have grease blended in 

the fuel). 

 
Figure 1.2 Compression ring cross sectional shape 

 

II - LITERATURE REVIEW 

 

The various researchers have been done research in 

the field of optimization of piston rings considering 

various parameters. 

The piston rings are in charge of a substantial part of 

the fuel utilization in overwhelming obligation diesel 

motors. In this work Markus Soderfjalla et al (2017) 

utilized a fast segment test fix for assessment of 

piston ring contact. Various distinctive piston rings 

and barrel liners are assessed in view of their grating 

execution. Shear diminishing of run of the mill multi 

review oil is researched by contrasting it with single 

review oil.  

Emil Wróblewski et al (2017) displayed the 

consequences of recreation for the ventured 

microgeometry piston bearing surface.Sorin-Cristian 

Vlădescu et al (2017)  presents an exploratory 

examination into the stream conduct of grease in a 

responding contact reproducing a piston ring– 

chamber liner match. The point was to comprehend 

the impacts of cavitation, starvation and surface, and 

the association between these, so as to enhance car 

motor execution.  

Reducing the fuel consumption of a combustion 

engine has been an important design issue. Engine 

friction has to be reduced and the piston ring - 

cylinder liner contact is a major source of friction. 

The J. Fang et al (2016) analyses the friction and 

load carrying capacity of an inclined parabolic at 

piston ring. This relatively simple geometry permits 

an analytical solution of the pressure distribution, the 

load carrying capacity and the friction. The friction 

coefficient is given as a function of twist angle, _at 

width and total width. The analytical expressions 

allow many thousands of calculations per second. 

 

III-RESEARCH METHODOLOGY 

 

3.1 Piston Ring Forces and Moments  

The piston ring auxiliary movements can be isolated 

into piston ring movement the transverse way, piston 

ring turn, ring lift, and ring turn. These sorts of 

movement result from various burdens following up 

on the ring. Heaps of this kind are latency loads  

emerging from the piston speeding up and 

deceleration, oil film damping loads, loads 

attributable to the weight distinction over the ring, 

and rubbing loads from the sliding contact between 

the ring and barrel liner.  

 
Figure 3.1 Forces acting on he Piston Ring 

(Handbook of Diesel Engines by Klaus Mollenhauer, 

Helmut Tschöke) 

 

3.2 Piston Ring Relationships  

The ring is squeezed against the barrel divider under 

a contact weight p which is represented by the 

measurements and aggregate free hole of the ring and 

by the modulus of flexibility of the material utilized. 

The aggregate free hole is characterized as the 

separation, measured along the impartial pivot, 

between the finishes of a piston ring in its 

uncompressed state. 

Estimation of the contact pressure is tremendously 

challenging. Consequently, the solution is to 

calculate it from the tangential force. It can be 

defined as the force which when applied tangentially 

to the tops of the ring, is adequate to compress the 

ring to the quantified closed gap. By solving the 
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internal forces and moments, the following 

expressions are obtained (Bc. Jozef Dlugos)  

 

Figure 3.2 Forces applied on the piston ring surfaces. 

                ……………. (1) 

                ………….. (2) 

where M is the bending moment and h  is the axial 

width. By relating the bending moment of the 

constant contact pressure alongside of the tangential 

force, the subsequent relationship is recognized 

  
   

  
    …………….. (3) 

 
Figure3.3 Nomenclature of piston ring 

 

3.2 Piston ring material 

The piston ring materials need to meet extreme 

requests – quality at a high temperature, low 

unrelated power diminish because of temperature or 

weakness, consumption protection, great warm 

conductivity (for good warmth transferability to the 

barrel divider) and furthermore great sliding 

attributes for operation in typical and dry grease 

conditions - keeping in mind the end goal to 

withstand the warm and mechanical burdens during 

the running conditions.  

3.3 Finite Element Analysis  

3.3.1 General 

The figure 3.4 shows the structure of phases to 

achieve a simulation. Many steps have taken during 

the analysis which are: 

A. Part Definitions: - Created sketched  

B. Material Descriptions: - Based on previous 

research done by various authors. 

C. Boundary Conditions Explanations 

D. Meshing 

E. Solution and Simulation Controls  

F. Post-processing 

G. Restarting 

 

Figure 3.4 Process for FEA analysis  

 

3.3.2 Specification of the Problem 

The objective of the present study is to examine the 

piston ring (compression ring) used in internal 

combustion engines with the three different material 

it is manufactured and for the comparison of two 

different cross section (Rectangular rings and Taper 

faced Rings). The solid model of the piston ring 

made in AutoCAD. Then model imported in ANSYS 

14.0 for analysis.  
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3.3.3 Pre- processing 

The Solid Modelling created using the AutoCAD and 

subsequently it is imported in ANSYS workbench.  

3.3.3.1 Modeling of Piston Ring 

The model dimension is a model of real time design 

of Piston ring used in IC engine as shown in figure 

3.5. For the piston ring the outside radius R is 500 

mm and minimal thickness is 2.2 mm as shown in 

figure 3.5. The CAD drawing is shown in figure 3.6. 

 
Figure 3.5 (a) 

 
Figure 3.5 (b) 

 
Figure 3.5 (c) 

 

Figure 3.5 (d) 

Figure 3.5 (a,b,c and d) The actual Piston Ring 

considered for study. 

 
Figure 3.6 (a) Rectangular face Piston Ring layout 

 
Figure 3.6 (b) Tapered face Piston Ring layout 

3.3.3.2 Piston Ring Materials 

 

There are three materials used for comparison 

The Table 3.1 shows the material property for all 

different materials. 

 

Table 3.3 Material properties 

 
 

3.3.3 Discretization process (Meshing) 

Structured meshing method done in ANSYS 

Workbench used for meshing the geometry.  3840 

nodes and 441 elements created. The mesh model is 

presents in figure 3.4 
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Figure 3.7 Mesh model 

3.4 Solutions 

It is extremely hard to precisely show the cylinder 

ring, in which there are still inquiries about are going 

ahead to discover transient thermo flexible conduct of 

cylinder ring amid ignition process. There is 

dependably a need of a few suppositions to show any 

perplexing geometry. These suspicions are made, 

remembering the challenges associated with the 

hypothetical computation and the significance of the 

parameters that are taken and those which are 

disregarded. In displaying we generally overlook the 

things that are of less significance and have little 

effect on the examination. The suppositions are 

constantly made relying on the subtle elements and 

precision required in demonstrating. The Boundary 

conditions applied is shown in figure 3.8 

The finite element analysis carried out on the three-

different material pressure ring.  In the following the 

boundary conditions and assumptions applied are as: 

1. The piston ring material is assumed as 

homogeneous and isotropic. 

2. Inertia and body constrain impacts are 

unimportant amid the examination.  

3. The piston ring is well-thought-out stress free 

earlier the analysis.  

4. The examination does not decide the life of the 

compression ring. 

5. Only ambient air-cooling considered without the 

forced Convection.  

6. Uniform thermal conductivity of the  

7. Constant specific heat of the material  

8. Minimum wall pressure for piston rings of IC 

engines is considered as 0.059 MPa ( Design 

data hand book) 

9. The Bulk temperature is considered as 22°C  

 
Figure 3.8 (a) Structural Boundary Conditions 

applied for the study 

 
Figure 3.8 (b) Thermal Boundary Conditions applied 

for the study 

 

IV -RESULT ANALYSIS 

 

The chapter contains the FE results obtained from 

analysis. There are two different piston rings with 

three different materials are considered for analysis. 

 

4.1 Piston Rings of Rectangular Cross Section 

Figure 4.1 to 4.32 shows the results regarding total 

deformation, Directional Deformation, Elastic Strain, 

Von-Mises Stress, Maximum Shear Stress Strain 

Energy, Total Heat Flux and Directional Heat Flux 

distribution respectively for Grey cast Iron, 

Aluminium Alloy and Carbide Malleable Iron 

material. 
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Figure 4.1 Total Deformation in Rectangular Piston 

Ring of Grey Cast Iron 

 

Figure 4.2 Total Deformation in Rectangular Piston 

Ring of Aluminium Alloy material 

 
Figure 4.3 Total Deformation in Rectangular Piston 

Ring of Carbide Malleable Iron material 

 

Figure 4.4 Comparison of Total Deformation for All 

the Three Material Rectangular Piston Ring 

 
Figure 4.5 Directional Deformation in Rectangular 

Piston Ring of Grey Cast Iron 

 
Figure 4.6 Directional Deformation in Rectangular 

Piston Ring of Aluminium Material 

 
Figure 4.7 Directional Deformation in Rectangular 

Piston Ring of Carbide Malleable Iron Material 

 
Figure 4.8 Comparison of Directional Deformation 

for All the Three Material Rectangular Piston Ring 

 
Figure 4.9 Von Mises Strain in Rectangular Piston 

Ring of Grey Cast Iron 
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Figure 4.10 Von Mises Strain in Rectangular Piston 

Ring of Aluminium Alloy Material 

 
Figure 4.11 Von Mises Strain in Rectangular Piston 

Ring of Carbide Malleable Iron Material 

 

Figure 4.12 Comparison of Equivalent Elastic Strain 

for All the Three Material Rectangular Piston Ring

 

Figure 4.13 Von-Mises Stress in Rectangular Piston 

Ring of Grey Cast Iron 

 
Figure 4.14 Von-Mises Stress in Rectangular Piston 

Ring of aluminium Alloy Material 

 
Figure 4.15 Von-Mises Stress in Rectangular Piston 

Ring of Carbide Malleable Iron Material 

 

Figure 4.16 Comparison of Equivalent Elastic Stress 

for All the Three Material Rectangular Piston Ring 

 

Figure 4.17 Maximum Shear Stress in Rectangular 

Piston Ring of Grey Cast Iron 
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Figure 4.18 Maximum Shear Stress in Rectangular 

Piston Ring of Aluminium Alloy Material 

 
Figure 4.19 Maximum Shear Stress in Rectangular 

Piston Ring of Carbide Malleable Iron Material

 
Figure 4.20 Comparison of Maximum Shear Stress 

for All the Three Material Rectangular Piston Ring

 

Figure 4.21 Strain Energy in Rectangular Piston Ring 

of Grey Cast Iron 

 
Figure 4.22 Strain Energy in Rectangular Piston Ring 

of Aluminium Alloy Material 

 
Figure 4.23 Strain Energy in Rectangular Piston Ring 

of Carbide Malleable Iron Material 

 
Figure 4.24 Comparison of Strain Energy for All the 

Three Material Rectangular Piston Ring 

 

Figure 4.25 Total Heat Flux in Rectangular Piston 

Ring of Grey Cast Iron 
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Figure 4.26 Total Heat Flux in Rectangular Piston 

Ring of Aluminium Alloy Material 

 
Figure 4.27 Total Heat Flux in Rectangular Piston 

Ring of Carbide Malleable Iron Material 

 
Figure 4.28 Comparison of Total Heat Flux for All 

the Three Material Rectangular Piston Ring 

 

Figure 4.29 Directional Heat Flux in Rectangular 

Piston Ring of Grey Cast Iron 

 
Figure 4.30 Directional Heat Flux in Rectangular 

Piston Ring of Aluminium Alloy Material 

 
Figure 4.31 Directional Heat Flux in Rectangular 

Piston Ring of Carbide Malleable Iron Material 

 
Figure 4.32 Comparison of Total Heat Flux for All 

the Three Material Rectangular Piston Ring 

  

4.2 Piston Rings of Taper Faced Cross Section 

 Figure 4.33 to 4.60 shows the results regarding total 

deformation, Directional Deformation, Elastic Strain, 

Von-Mises Stress, Maximum Shear Stress Strain 

Energy, Total Heat Flux and Directional Heat Flux 

distribution respectively for Grey cast Iron, 

Aluminium Alloy and Carbide Malleable Iron 

material. 

Figure 4.33 to 4.35 shows the Total Deformation in 

mm for all the three materials piston ring. 
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Figure 4.33 Total Deformation in Taper Faced Piston 

Ring of Grey Cast Iron Material 

 
Figure 4.34 Total Deformation in Taper Faced Piston 

Ring of Aluminium Alloy Material 

 

Figure 4.35 Total Deformation in Taper Faced Piston 

Ring of Carbide Malleable Iron Material 

 
Figure 4.36 Comparison of Total Deformation for All 

the Three Material Tapered Face Piston Ring 

 
Figure 4.37 Directional Deformation in Taper Faced 

Piston Ring of Grey Cast Iron Material 

 
Figure 4.38 Directional Deformation in Taper Faced 

Piston Ring of Aluminium Alloy Material 

 
Figure 4.39 Directional Deformation in Taper Faced 

Piston Ring of Carbide Malleable Iron Material 

 

Figure 4.40 Comparison of Directional Deformation 

for All the Three Material Tapered Face Piston Ring  
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Figure 4.41 Von Mises Strain in Taper Faced Piston 

Ring of Grey Cast Iron Material 

 
Figure 4.42 Von Mises Strain in Taper Faced Piston 

Ring of Aluminium Alloy Material 

 

Figure 4.43 Von Mises Strain in Taper Faced Piston 

Ring of Carbide Malleable Iron Material 

 

Figure 4.44 Comparison of Equivalent Elastic Strain 

for All the Three Material Tapered Face Piston Ring 

 
Figure 4.45 Von Mises Stress in Taper Faced Piston 

Ring of Grey Cast Iron Material 

 
Figure 4.46 Von Mises Stress in Taper Faced Piston 

Ring of Aluminium Alloy Material 

 

Figure 4.47 Von Mises Stress in Taper Faced Piston 

Ring of Carbide Malleable Iron Material 

 

Figure 4.48 Comparison of Von-Mises Stress for All 

the Three Material Tapered Face Piston Ring 
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Figure 4.49 Maximum Shear Stress in Taper Faced 

Piston Ring of Grey Cast Iron Material 

 

Figure 4.50 Maximum Shear Stress in Taper Faced 

Piston Ring of Aluminium Alloy Material 

 
Figure 4.51 Maximum Shear Stress in Taper Faced 

Piston Ring of Carbide Malleable Iron Material 

 
Figure 4.52 Comparison of Maximum Shear Stress 

for All the Three Material Tapered Face Piston Ring 

 

Figure 4.53 Strain energy in Taper Faced Piston Ring 

of Grey Cast Iron Material 

 

Figure 4.54 Strain energy in Taper Faced Piston Ring 

of Aluminium Alloy Material 

 
Figure 4.55 Strain energy in Taper Faced Piston Ring 

of Carbide Malleable Iron Material 

Figure 4.56 Comparison of Strain Energy for All the 

Three Material Tapered Face Piston Ring 
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Figure 4.57 Total Heat Flux in Taper Faced Piston 

Ring of Grey cast Iron Material 

 
Figure 4.58 Total Heat Flux in Taper Faced Piston 

Ring of Aluminium Alloy Material 

 

Figure 4.59 Total Heat Flux in Taper Faced Piston 

Ring of Carbide Malleable Iron Material 

 

Figure 4.60 Comparison of Total Heat Flux for All 

the Three Material Tapered Face Piston Ring 

 
Figure 4.61 Directional Heat Flux in Taper Faced 

Piston Ring of Grey Cast Iron Material 

 
Figure 4.62 Directional Heat Flux in Taper Faced 

Piston Ring of Aluminium Alloy Material 

 

Figure 4.63 Directional Heat Flux in Taper Faced 

Piston Ring of Carbide Malleable Iron Material 

 

Figure 4.60 Comparison of Directional Heat Flux for 

All the Three Material Tapered Face Piston Ring 
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Table 4.1 Summarized results for Rectangular Cross 

Section Piston Ring 

 

Table 4.2 Summarized results for Taper Faced Cross 

Section Piston Ring 

 
 

V-CONCLUSION 

 

In this work finite element analysis for static and 

dynamic conditions of the engine piston ring of 

different cross section with different materials was 

performed. The following conclusion has been made 

after the study. 

The Total Deformation is about 8.748×10
-6

 mm for 

Grey Cast Iron, 1.225×10
-5 

mm for Aluminium alloy 

and 6.0145×10
-6 

mm for Carbide Malleable Iron in 

case of Rectangular cross section piston ring while it 

is about 8.515×10
-6

 mm for Grey Cast Iron, 

1.3243×10
-5 

mm for Aluminium alloy and 5.8541×10
-

6 
mm for Carbide Malleable Iron in case of Tapered 

face piston ring. 

The Aluminium material piston ring shows the more 

elastic strain compare then other two in both type of 

piston rings. Carbide Malleable Iron piston ring 

shows the less elastic strain in both type of piston 

rings. But if compare the individual material piston 

ring of same material the tapered face piston rings of 

Grey Cast Iron and Carbide Malleable Cast Iron 

shows the less elastic strain compare then rectangular 

cross section piston rings. The condition is opposite 

when we consider aluminium alloy rings. 

The maximum and minimum value Von-Mises stress 

or equivalent Stress for all three materials piston 

rings with both cross sections are in safe limit.  

The value of Shear stress for all three materials piston 

rings with both cross sections are in safe limit. Thus 

it can be stated that the design is safe from shear 

stress point of view. The tapered face piston rings of 

Grey Cast Iron and Carbide Malleable Cast Iron 

shows the less shear stress compare then rectangular 

cross section piston rings while it is more in 

rectangular cross section rings aluminium alloy rings. 

Aluminium shows the maximum strain energy while 

Carbide malleable piston ring shows the minimum 

strain energy. 

Aluminium alloy piston ring shows the High Total 

heat flux and directional heat while Both of Iron 

material piston ring shows the same but lower Total 

and directional heat flux in case of both Rectangular 

cross section piston rings and Tapered face piston 

rings. In rectangular face piston rings of Grey cast 

Iron and Carbide Malleable Iron less heat flux is 

generated which can be the prime factor of best 

suitability, while aluminium alloy rectangular piston 

rings generates high heat flux. 
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