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Abstract
Background/Objective: Cylinder liners are very important part of an automobile engine and working of the liner 
directly affects the engine performance. Conventional cylinder liners are being replaced with high temperature composite 
materials. The present work is to identify the performance of cylinder liners under combined mechanical and thermal load 
in terms of radial, longitudinal and hoop stresses by selecting different high temperature composite materials. Methods/
Findings: Different high temperature composite materials such as Carbon/Polyimide, Woven Carbon/Phenolic, Woven 
Graphite Phenolic, Carbon/Carbon composite, Boron/Aluminum, Silicon/Carbide composite cylinder liners are analyzed 
by applying pressure and thermal load. The variation in the radial stresses (σr), longitudinal stresses (σl) and hoop stresses 
(σθ) are identified for selected materials. Thermo mechanical strains in radial, axial and circumferential directions are 
also identified. The analysis is performed by Finite element based software ANSYS. Solid 8node 183 elements are selected 
to perform the analysis. The Fe models are validated with the analytical equations. Application: Among all the materials 
considered in the analysis, Carbon/Carbon composite performance is good under considered loading and boundary 
conditions. Compared to all the stresses, the severity of axial stresses is more than radial and hoop stresses. The present 
work is used for the effective design of cylinder liners with high temperature composite materials. 

1. Introduction 
A continuous demand for economy, quality of internal 
combustion engine leads to the development of automo-
bile engines. The development of an automobile engine 
is perceived in two aspects. One is to reduce the fuel 
consumption, so that the cost of the automobile main-
tenance as well as global worming will be decreased. 
Another aspect is to decrease the weight of the engine 
which interns decrease the fuel consumption. The weight 
of the engine will be decreased by replacing the already 
used conventional materials by new materials. Composite 
materials are replacing traditional materials because of 
their strength to weight ratio and stiffness to weight ratio1. 
The objective of the present authors is used to replace the 

conventional cylinder liners with composite material to 
increase the strength to weight ratio. Many authors stud-
ied the cylinder liners, engine parts in the view of material 
and production process. In1 studied the gray cast iron cyl-
inder liners of an automobile with the surface hardening 
process. The authors studied the micro hardness distribu-
tion of the hardened cylinder layers in order to evaluate 
the quality of the hardened layers. In2 investigated both 
the distribution of the contact pressure on the gasket and 
the stresses of the cylinder head at different loading con-
ditions, such as cold assembly, hot assembly, cold start and 
hot firing by numerical calculation based on the Finite 
Element Method (FEM). Thermal resistances between 
liners and engine blocks are nondestructively studied by 
Photo thermal infrared thermography3. The wear condi-
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tion of the marine diesel engine cylinder is studied by 
using simulation techniques4. Designing and analysis of 
cylinder liner of a marine engine by using a titanium alloy 
(grade 4) was performed by5 using the Finite Element 
Method. A 4 stroke diesel engine of SANTRO vehicle 
cylinder liners was analyzed under thermo-mechanical 
loading by using Finite Element Method for Nickel-
chromium alloy by6. 

From the above observations, it is found that the cyl-
inder liners will be analyzed effectively with the Finite 
Element Method and not extensive work has done on 
the selection of composite material to increase the per-
formance of cylinder liners. The objective of the present 
work is to explore the variation of radial, axial and hoop 
stresses for various high temperature composite materials 
using Finite Element Method. 

2. Finite Element Procedure
A cylinder liner is modeled by considering the inner 
diameter of 0.15 m and thickness of 0.01 m. The length 
of the cylinder liner is taken as 0.5 m. Solid 8 node 183 
elements with axisymmetric option is selected to convert 
the geometrical model into the finite element model. The 
cylinder liner geometrical model is shown in Figure 1.a 
and the finite element mesh on the cylinder liner is shown 
in Figure 1.b.

The cylinder liner considered for the study is restricted 
to move in the axial direction by arresting the deforma-
tions in all aspects i.e. radial, axial and circumferential 
direction on the top and bottom area of the liner (Figure 
2). For the combined thermo mechanical loading, a uni-
form pressure of 60 N/m2 is applied in the inner area of 
the cylinder. Along with the pressure load, temperature 
of 1750 K is applied in the same area. Different high tem-
perature materials such as Carbon/polyimide, Woven 
Carbon/Phenolic, Woven Graphite Phenolic, Carbon/
Carbon composite, Boron/Aluminum, Silicon/Carbide 
cylinder liners is considered for the study. The material 
properties of the above materials are provided in the ref-
erence7–11.

2.1 Validation of FE Procedure
The Finite Element Models are validated with the ana-
lytical expressions for radial and hoop stresses under 
pressure load. Table 1 provides the closeness between the 
FE results and analytical calculated results. The Fe results 

are obtained by taking a steel cylinder liner with inner 
diameter of 60 mm and outer diameter 100 mm, subjected 
to an internal pressure of 60 MPa. The Young’s modulus of 
steel is taken as 200 GPa and the Poisson’s ratio is 0.3. The 
same element Solid 8 node 183 is selected to perform the 
analysis. The radial and hoop stresses are obtained from 
FE approach and compared to analytical solution. Pi and 
Po are the internal and external pressure respectively. ri 
and ro are the inner and outer radius of the cylinder liner.

Figure 1.a. Geometrical model.

Figure 1.b. Finite element model of cylinder liner.
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Figure 2. Loading and boundary conditions on FE model.

Table 1. Validation of FE results with analytical 
equations

S.No Stress Type R = ri R = ro
1. Radial stress 

(MPa)
-63.5 -63.5 0.025 0.025

2. Hoop Stress  
(Mpa)

71.5 71.5 135.72 135.72

3. Results And Discussions 
The objective of the present work is to estimate the stresses 
induced in the cylinder liners due to combined loading 
such as pressure and thermal loading conditions. Figure 3 
shows the variation of radial stress in different materials. 
From this it is observed that Carbon/Carbon composite 
liners showed more resistance to radial stress than other 
materials considered for the study. Next best material to 
suppress the radial stress is Carbon/Polyimide. And there 
is no difference in radial stresses for the composite liners 
prepared with woven Carbon/Phenolic, woven Graphite/
Phenolic, Boron/Aluminum and silicon carbide/Al. The 
radial stress (σr) contour is shown in Figures 4–9. 

Figure 8 shows the variation of longitudinal stresses 
in different materials. Compared to all the other stress, 
the magnitude of longitudinal stress is more. Maximum 
stresses are observed for woven Graphite/Phenolic and 
minimum stress is observed for liners made with Carbon/
Polyimide and Carbon/Carbon composite. The distribu-
tion of these stress contours is shown in Figure 5. Figure 
9 shows the variation of hoop stresses under combined 
loading of different materials. No considerable changes in 
these stresses are observed for different materials. i.e. the 
magnitude of hoop stress is constant for the liners made 
with different materials considered for the analysis. Figure 
6 shows the contour of hoop stress of a composite liner. 

Figures 10–13 shows the variation of total thermal 
and mechanical strain for different materials as these 
cylinder liners are subjected to combined mechanical 

and thermal load. The combined thermal and mechani-
cal strain is high for woven Carbon/Phenolic and woven 
Graphite/Phenolic and for the rest of the materials these 
strains are negligible in radial direction (Figure 10). The 
magnitude of combined strain in the axial and circum-
ferential direction is more than radial direction (Figures 
11-12). Carbon/Polyimide, Woven Carbon/Phenolic, 
Woven Graphite Phenolic cylinder liners strain is more 
than other materials considered for the study in the axial 
and circumferential directions also the same trend is 
observed for combined shear strain (Figure13).

Figure 3. Variation of radial stress (σr) for different materials.

Figure 4. Radial stress (σr) contour.

Figure 5. Axial stress (σl) contour.
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Figure 6. Hoop stress (σr) contour.

Figure 7. Total mechanical and thermal strain contour.

Figure 8. Longitudinal stresses (σl) for different material.

Figure 9. Hoop stresses (σθ) for different material.

Figure 10. Total mechanical and thermal strain (εmtr) in 
radial direction for different material.

Figure 11. Total mechanical and thermal strain (εmtl) in axial 
direction for different material.
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Figure 12. Total mechanical and thermal strain (εmtl) in axial 
direction for different material.

Figure 13. Total mechanical and thermal shear strain (εmtrl) 
for different material.

4. Conclusions
Thermo mechanical analysis of cylinder liners for dif-
ferent materials is evaluated by using the Finite Element 
Method. The variation of radial, axial and hoop stresses of 
cylinder liners along with the combined strains in respec-
tive directions is explored. The following conclusions are 
obtained from the present work.

•	 The magnitude of axial stress is more in cylinder 
liners compared radial and hoop stress due to 
combined pressure and thermal loads.

•	 The cylinder liner with Carbon/Carbon compos-
ite shows good resistance to stress than all the 
materials considered for the analysis.

•	 The hoop stress intensity is same for the different 
materials considered for the analysis.

•	 Combined thermo mechanical strain is evalu-
ated for different composite materials. At this 

point of view, Carbon/Carbon composite, Boron/
Aluminum, Silicon/Carbide, Silicon/Carbide 
Ceramic composite showed less strain than 
Carbon/Polyimide, Woven carbon/Phenolic, 
Woven Graphite Phenolic composite liners.

•	 From this work, it is suggested to use Carbon/
Carbon composite liners or Boron/ Aluminum 
composite liners composite liners in an automo-
bile engine to increase the performance under 
thermo mechanical loading.
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