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Abstract— Internal combustion engines are used in 

automobile industries, agricultural field and in power sector. 

Diesel engines are having better performance as compared 

with petrol engines due to their fuel economy. But diesel 

engines produce higher Noise, Vibration and Harshness 

(NVH) levels. In this work, vibration amplitudes in a 

cylinder liner of a diesel engine due to combustion pressure 

were analyzed. Modeling and simulation were carried out 

using the finite element software ANSYS APDL. Various 

compositions of grey cast iron material are being tested in the 

software.  The results of the harmonic analysis are presented 

on the displacement versus frequency curve. The output 

results were under satisfactory level to predict the vibration 

behavior under different pressures. Finally, an attempt was 

made to reduce the vibration levels in the cylinder liner by 

varying the thickness of the liner. 
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I. INTRODUCTION 

An internal combustion engine produces power by using the 

extremely higher pressure pulses produced by the burning of 

air fuel mixture above the piston. The combustion pressure 

hits the engine block like a hammer blow with a pulse of 

energy causing the engine to vibrate. Internal combustion 

engines vibration depends upon the unbalanced rotating and 

reciprocating parts, cyclic variation of combustion forces, 

shaking forces due to reciprocating parts and also the 

characteristics of the mounts. During the operation of the 

engine the compression pressures varies and these inertial 

force leads to the unbalanced forces in the engine and they 

are varying with respect to fuel supply, speed and 

combustion characteristics of the fuel. Due to this periodic 

variation in the pressure inside the engine it undergoes 

vibration. The vibrations in the engine assembly results wear 

between the cylinder liner and piston rings and other engine 

parts in an engine and which cause a considerable amount of 

performance degradation. The effects of vibration are very 

worrying and it needs a proper analysis. 

Grey cast iron is mainly used for manufacturing 

both piston rings and cylinder liner in internal combustion 

engine. Piston rings are manufactured by Centrifugal 

casting, Static pot casting and powder metallurgy. Sand 

casting and Centrifugal casting are employed for 

manufacturing cylinder liners [1]. Engine vibration is 

produced by the cylinder pressure gas force and inertia force 

acting on the crank train components. These vibrations 

transmitted through the engine mount to the drive train and 

to the entire vehicle body [2]. Air cooled engines are 

incorporated with rubber dampers which is inserted in 

between the fins to reduce the fin vibration and the 

associated noise. But the problem associated with these 

rubber dampers are it reduces the heat transfer [3]. Metals 

and polymers are used as damping materials because of its 

viscoelastic character. Metals for vibration damping include 

shape memory alloys, ferromagnetic alloys and other alloys. 

The polymers which are capable of vibration damping 

include rubber, polyurethane, polytetrafluoroethylene, poly 

propylene/butyl rubber blend. Dynamic hysteresis, static 

hysteresis, transformation mechanisms are the different 

damping mechanisms. [4, 5]. The measurement of cylinder 

liner vibration can be done with an arrangement usually 

used for liner corrosion measurement which requires no 

physical contact with the liner. The effect of vibration in 

these cases may be observes as an increase in the mass 

transfer rate, which in turn is related to observed limiting 

current sustained at the electrode. An oscilloscope trace of 

the current indicates the mode of vibrations experienced by 

the working electrode, as resulting from displacement of the 

liner [6]. Most of the researches in the internal combustion 

engines are carried out on a single cylinder engine because it 

allows segregation of the performance and also eliminates 

the inter cylinder interactions [7]. Vibration analysis of a 

cylinder liner can be carried out using harmonic analysis in 

the Finite Element software ANSYS. This Finite Element 

software is very helpful in analyzing the effect of parameter 

changes in the vibration characteristics [8].  

II. METHODOLOGY 

1) Based on the literature survey an overview is given for 

engine vibration phenomenon. 

2) The cylinder liner is modelled as a 3D model 

considering its thickness and stroke length using 

ANSYS version 14.5. 

3) Compression pressure and cylinder liner temperature 

consideration. 

4) Simulation with different materials. 

5) Attempt to reduce amplitude of vibration. 

For the analysis, a single cylinder, four stroke, 

water cooled Variable Compression Ratio (VCR) Diesel 

Engine is selected. The specification of the engine is given 

on the table 1. 

A. Assumptions 

1) Piston skirt deformation and linear elasticity are 

considered negligible.   

2) The piston skirt/ cylinder liner oil film exhibits little 

effect on the transverse motion of the piston.  

3) Take the range of Compression pressure as 45, 50, 55, 

60, 65, 70, 75 bar. 

4) Behavior of gases is considered close to ideal gases. 

5) Pressure developed after compression is calculated on 

the basis of the assumption that compression process is 

following isentropic. 

Feature Specifications 

Model TV1 
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Make Kirloskar oil engine 

Type Four stroke water cooled diesel 

No. of cylinders One 

Operating speed 1500rpm 

Cylinder diameter 87.5mm 

Thickness of cylinder 10mm 

Piston diameter 87.44mm 

Compression ratio 17.5:1 

Material of cylinder Grey cast iron 

Stroke length 110mm 

Table 1: Specification of the Engine [9]. 

III. MODELING AND SIMULATION 

The Internal Combustion engine is modeled as a cylinder 

liner considering the cylinder thickness and stroke length 

using ANSYS software. Harmonic Analysis is used to 

obtain the vibration characteristics, where vibration 

amplitude is obtained as a graph between frequency and 

displacement. 

A. Finite element analysis 

The cylinder liner is modeled as a 3-D model and is 

simulated using the finite element software ANSYS. A job 

was created with its job name. In the preprocessor domain, 

modeling and then area was selected to create the model of 

the cylinder liner, 3D model was created by extruding the 

area. The element type was selected as SOLID 187. The 

type of material and its properties were selected in the 

material properties -material models for solid. A fine mesh 

was used to mesh the model and also cylinder liner 

reference temperature of 473K was applied. 

Material name 

Modulus of 

elasticity, G 

Pa 

Poisson’s 

ratio 

Density, 

kg/𝑚3 

Grey 

cast 

iron 

FG150 100 0.26 7050 

FG200 114 0.26 7100 

FG220 120 0.26 7150 

FG300 135 0.26 7250 

FG350 140 0.26 7300 

FG400 145 0.26 7300 

Table 2: Properties Of Material [10]. 

 
Fig. 1: Unmeshed model 

 
Fig. 2: Meshed model 

B. Harmonic Analysis 

Harmonic analysis in the finite element software can be used 

to obtain the response of a structure to harmonically time 

varying loads. In order to done the harmonic analysis, 

proper analysis type should be selected from the solution 

menu. Full solution method is selected and selecting the 

Frontal solver. In this work the damping ratio of 2% is 

selected for vibration analysis. Boundary conditions are 

applied by selecting the define load, displacement from 

structural, arrest all degrees of freedom on the outer surface 

of the cylinder liner apply the pressure load on the inner 

surface of the liner. Select harmonic frequency range of 0-

50Hz and number of sub-steps 10. And solve the problem. 

In the time history postprocessor plot the displacement vs. 

frequency. For these select nodes that might deform the 

most which can be found out from static analysis, and then 

choose the DOF direction then graph them. First, select the 

Y-component of displacement and take the nodal solution 

and repeat the procedure for each compression pressure also 

repeat the procedure for Z- component of displacement [11]. 

IV. RESULTS AND DISCUSSION 

Harmonic analysis was carried out the vibration 

characteristics are obtained. Node number 226 was found 

out from static analysis so that it belongs to a region where 

maximum displacement occurs.  

A. Displacement in Y-direction for the material FG150 

 
Fig. 3: Graph for 45 bar pressure 
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Fig. 4: Graph for 50 bar pressure 

 
Fig. 5: Graph for 55 bar pressure 

 
Fig. 6: Graph for 60 bar pressure 

 
Fig. 7: Graph for 65 bar pressure 

 
Fig. 8: Graph for 70 bar  pressure 

 
Fig. 9: Graph for 75 bar pressure 

The maximum displacement values at each are tabulated in 

the table 3, these values are plotted on a graph and is shown 

in the fig. 10. 

Compression Pressure, bar Displacement,m 

45 2.89E-08 

50 3.21E-08 

55 3.53E-08 

60 3.86E-08 

65 4.18E-08 

70 4.50E-08 

75 4.82E-08 

Table 3: Nodes At Which 3-Dimensional Model Deflects In 

Y- Direction 

 
Fig. 10: Compression Pressure vs. Displacement 
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B. Displacement in Z-direction for the material FG150 

      
Fig. 11: Graph for 45 bar pressure 

 
Fig. 12: Graph for 50  bar pressure 

 
Fig. 13: Graph for 55 bar pressure 

 
Fig. 14: Graph for 60 bar pressure 

 
Fig. 15: Graph for 65 bar pressure 

 
Fig. 16: Graph for 70 bar pressure 

 
Fig. 17: Graph for 75 bar pressure 

Compression Pressure, bar Displacement,m 

45 1.44E-10 

50 1.60E-10 

55 1.76E-10 

60 1.92E-10 

65 2.08E-10 

70 2.24E-10 

75 2.40E-10 

Table 4: Nodes At Which 3-Dimensional Model Deflects In 

Z-Direction. 

From the fig. 10 and 18, it can be seen that the 

minimum displacement occurs at a pressure of 45 bar and 

the maximum displacement occurs at a pressure of 75 bar. 

The displacement gradually increases for pressure from 45 

to 75 bar. 
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C. Displacement in Y-direction for all materials 

Harmonic analysis was carried out for materials such as 

FG200, FG220, FG300, FG350 and FG400 similar to the 

analysis conducted for material FG150. 

The displacement in the Y- direction is tabulated in 

the table and the displacement is plotted against pressure is 

shown in fig. 19. 

From the  graph it can be seen that,the minimum 

value of deflection  at 45 bar pressure  is for the FG400 

material and maximum value of deflection at 75 bar  for the 

FG150 material in Y-direction. It is found that the variation 

in the deflection values at a particular pressure was very 

small for the different materials under study 

 
Fig. 18: Compression Pressure vs. Displacement in 

Z-   direction 

Compressi

on 

Pressure, 

bar 

Displacement,m 

FG 
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FG 
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FG 
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45 
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2.86
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E-08 
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E-08 
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3.44
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E-08 

4.36
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4.82

E-08 
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E-08 
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E-08 
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E-08 
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E-08 

4.67

E-08 

Table 5 : Deflection of 3-Dimensional Model In Y Direction 

 
Fig. 19: Compression Pressure vs. Displacement in Y-

direction for all materials. 

D. Displacement of all materials in Z-direction 

Compressi

on 

Pressure, 

bar 

Displacement,m 

FG 

150 

FG 
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FG 
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FG 
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FG 
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FG 

400 
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1.49
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2.40

E-10 

2.18

E-10 
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E-10 

2.07

E-10 

1.85

E-10 

1.59

E-10 

Table 6: Deflection Of 3-Dimensional Model In Z-Direction 

The maximum value of deflection occurs at 75 bar pressure 

for all the materials and the minimum value of vibration 

amplitude occurs at 45 bar pressure for all  the varities of 

cast iron. At a particular pressure, material FG150 deflects 

more compared to other materials. And material FG400 

experiences minimum deflection at all the pressures 

compared to other materials. 
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Fig. 20: Compression Pressure vs. Displacement in Z-

direction for all materials. 

V. VIBRATION REDUCTION 

The main objective of this work is to reduce the amount of 

vibration with the design point of view. For this purpose 

attempts are made to change the thickness of the cylinder 

liner from outer periphery and each case same harmonic 

analysis was carried out. First a reduction of thickness by 

1mm was made from the outer periphery and in the next step 

the thickness increased by 1 mm from the normal thickness 

of the liner. The properties of FG150 material is applied for 

the analysis.  

Compression 

Pressure, bar 

Displacement, m 

9mm 10mm 11mm 

45 3.48E-08 2.89E-08 9.77E-09 

50 3.86E-08 3.21E-08 1.09E-08 

55 4.25E-08 3.53E-08 1.19E-08 

60 4.64E-08 3.86E-08 1.30E-08 

65 5.02E-08 4.18E-08 1.41E-08 

70 5.41E-08 4.50E-08 1.52E-08 

75 5.80E-08 4.82E-08 1.63E-08 

Table 7: Displacement In Y- Direction For Different 

Thickness 

 
Fig. 21: Compression Pressure vs. Displacement in Y-

direction for different   thicknesses 

Compression 

Pressure, bar 

Displacement, m 

9mm 10mm 11mm 

45 1.48E-10 1.44E-10 1.98E-11 

50 1.64E-10 1.60E-10 2.19E-11 

55 1.81E-10 1.76E-10 2.41E-11 

60 1.97E-10 1.92E-10 2.63E-11 

65 2.14E-10 2.08E-10 2.85E-11 

70 2.30E-10 2.24E-10 3.07E-11 

75 2.47E-10 2.40E-10 3.29E-11 

Table 8: Displacement In Z- Direction For Different 

Thickness 

 
Fig. 22: Compression Pressure vs. Displacement in Z-

direction for different thicknesses 

The graphs above shows that for each pressure the 

amount of vibration is maximum for cylinder liner having a 

thickness of 9mm, increasing the thickness of cylinder by 

1mm found better results, vibrations get reduced as 

compared to the conventional thickness of cylinder liner. 

VI. CONCLUSION 

Vibration in diesel engine cylinder liner was analyzed by 

considering the compression pressure and cylinder liner 

temperature using ANSYS. A steady state analysis and a 

harmonic analysis were considered for 3 D model. Six 

varieties of cast iron namely FG150, FG200, FG220, 

FG300, FG350 and FG400 were used for the analysis. The 

range of compression pressure was selected between 45 to75 

bar. The deflection there for the vibration is found to be 

lower for lower values of compression pressures. At all 

compression pressure ranges the amount of vibration is 

found to be more for FG150 material, and the minimum 

value is found to be for FG400 material. The analysis was 

carried out in order to reduce the amount of vibration. 

Attempts are made by decreasing and increasing the 

thickness of liner by 1 mm from the outer periphery of the 

liner. The amount of vibration is found to be large for the 

liner with 9mm thickness compared with the conventional 

liner. The amount of vibration is found to be less when the 

thickness of the liner is increased by 1mm from the outer 

periphery. 
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