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ABSTRACT
In conventional diesel engines it is always found that piston slap occurs at near the top dead
centre while at bottom dead centre and mid stroke slaps may be suppressed at some low
speed operating conditions. Most of the researchers have found for the mechanical noise i.e.
piston slap. Very few efforts are devoted for combustion gas force analysis. We are focusing
our work on minimizing the noise and vibration. The main purpose of this work is to analyze
the vibration in diesel engine cylinder liner considering combustion gas forces and cylinder
liner temperature using finite element software ANSYS. We found that by changing the
material of piston to grey cast iron, there is an improvement in the properties. The output
results were quite satisfactory to predict the behaviour of deflection under different
pressures. The combustion gas forces calculated for varying compression pressures. Results
are presented the displacement verses frequency shows the amplitude of vibration. At last the
values of different materials are compared. Furthermore, this analysis is applied to evaluate
the vibration of grey cast iron material along with increase in thickness, and revealing the
closer response according to the material and vibration.
Keywords: - Variable Compression Ratio, Diesel engine, Cylinder liner, Combustion gas
force
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Most of the noise sources appertaining to the diesel engine have received extensive
investigation. Piston slap is initiated wherever the piston side thrust force changes direction.
This takes place under two conditions: (a) when the force in the connecting rod changes from
tension to compression and vice versa; (b) when the component of the connecting rod force
normal to the cylinder axis changes direction as a result of subsequent changes in the crank
angle. The latter condition always occurs at top and bottom dead centre while the former
condition is realized when the total inertia force contribution to side thrust just balances the
resulting gas force. In conventional diesel engines it is always found that piston slap occurs at
or near the top and bottom dead centre while mid-stroke slaps may be suppressed at some low
speed operating condition when the aforementioned force balance cannot be obtained.
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1. INTRODUCTION
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The noise generates a lot of vibration in the cylinder chamber which causes cylinder liners to
vibrate; there is also the effect of the combustion and piston slap which is the result of the
piston side thrust on the cylinder liner. As it moves to and fro from TDC to BDC, the net
effect of which makes the cooling fluid in the cooling chamber to undergo vibration and then
the production of the unwanted cavitations in the cooling chamber. The forces causing the
cavities to form and collapse due to a continuous series of high frequency pressure pulsation
in the liquid. It has been a fact that the effects of vibration are very worrying. Some of these
effects are so damaging that they can even destroy the whole cylinder liner and thus a new
one needs to be purchased. Looking towards the threat of vibration which is hazardous which
may lead the total failure of the systems need to addressed. From few research efforts
continuously focus their attention towards vibration or deflection analysis from different
means which further causes the depth in analysis of vibration considering combustion gas
force. In this work comparatively higher pressure zones were analyzed to understand the
vibration behavior of the engine. It imparts different material analysis with or without
additional thickness to view the vibration with different aspects. The development of new
technologies in internal combustion (IC) engines for emissions and fuel consumption
reduction constitutes a very acute challenge in engine research. One could refer to the
increasing use of alternative energy from biomass, and the growing development of flex fuel
vehicles, which can use mixtures of ethanol or gasoline in any proportion, as examples of
those cutting edge research fields. Flex fuel engines, in particular, represent a great challenge
for IC engine improvement, as optimal efficiency for any fuel composition is desired. These
new generations of spark ignition engines require a correct ignition adjustment for each fuel,
to guarantee optimal performance. A recent trend towards ignition adjustment exploits the
detection of knocking combustion phenomena. Engine knock is an unwanted phenomenon
that may cause engine damage. However, optimal performance is often obtained when the
spark advance remains close to the knocking condition. A proposed strategy consists in
controlling spark advance by using close-loop control algorithms with knocking condition
detection, and in adapting the advance regulation optimally with respect to the detected
knocking limit. Knock detection for efficient combustion control of spark ignition engine can
be performed through the use of in-cylinder pressure sensors. Nevertheless, their cost and the
environment hostility limit their practical use outside test beds. A more cost effective
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Fig. 1.1 TV1 kirloskar engine

approach consists in using accelerometer sensors located on the engine surface and showed
its potential for knock detection. Gasoline series vehicles are already equipped with knock
sensors but the existing detection techniques require further improvements such as improved
noise and speed robustness, adaptability to combustion conditions and, above all, a better
characterization than standard binary classification in “knocking” or “not-knocking”
conditions. This paper addresses the challenge of knock detection improvements with timefrequency analysis. The later technique is better suited than standard Fourier transforms to the
non-stationary features of the vibration signals recorded from accelerometers. Timefrequency representations yield more insights to the properties of the vibration signal
associated with the knock phenomenon, and are generally more noise resilient. Information
provided by time-frequency techniques is essential to provide a real time methodology
suitable for close-loop control. After a presentation of the knocking phenomenon
background, we will describe the experimental setup, as well as the dedicated acquisition
system that was developed to address real-time data recording and processing. Timefrequency analysis of both pressure traces and vibration data is performed and results provide
useful insights on the knock related vibration signals. We then take advantage of this
improved understanding to develop a real time knock detection approach.
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Griffiths and Skorecki [1]investigated that the effectof cooling water temperature on
vibration was investigated that diesel engines are noisier when cooling water temperature is
low and vice versa. Piston slap was investigated by motoring the engine and removing certain
sources of the vibration from the engine. As a result piston slap was identified and the
instants of slap were determined. These were compared with the instants of slap calculated
from a theoretical analysis of the dynamics of the moving parts of the engine. Haddad and
Pullen[2]presented the various methods for estimating the pistons slap. This phenomenon of
piston slap has been investigated by oscillographic and simulation technique to determine its
relative magnitude, compared with the other noise sources of the engine. It has been found
that this source of noise is important and its significance will become greater as other sources,
such as combustion are reduced. Citroen and Yates [3]summarized a study that has been
undertaken to assess and optimize the dynamic behavior of a current production 1.6 litre
gasoline engine with the objective of reducing low frequency radiated noise from the cylinder
block. Khan et al. [4] examined the acoustic finite element analysis coupled with structure,
and provides the necessary information to apply ANSYS for a wide class of structural
acoustics problem. Results are presented for global cancellation of a primary monopole's
sound field by the use of multiple piezoelectric elements bonded to the surface of the elastic
structure to provide control forces. Cho et al.[5]presented an analytical model, which can
predict the impact forces and vibratory response of engine block surface induced by the
piston slap of an internal combustion engine. When slap occurs, the impact point between
piston skirt and cylinder inner wall is modelled on a two-degree-of-freedom vibratory system.
The equivalent parameters such as mass, spring constant and damping constant of piston and
cylinder inner wall are estimated by using measured (driving) point mobility. Those
parameters are used to calculate the impact force and for estimating the vibration levels of
engine block surfaces. Aoyama et al.[6]presented an analysis of noise occurrence at a diesel
engine and a design to prevent the noise which occurred unperiodically with frequency over
5kHz
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2. LITERATURE REVIEW

The objectives of this analysis are:
1. The purpose of this work is to model a cross section of engine cylinder as a two
dimensional beam and 3- dimensional model, consisting of thickness and stroke length
of engine cylinder.
2. Applying the combustion gas forces, which are calculated from compression pressure
and temperature of cylinder liner.
3. Analyzing the vibration level in the diesel engine cylinder liner due to combustion gas
forces and cylinder liner temperature.

3. Experimentation
For the geometry analysis the work includes single cylinder, four stroke, and VCR (Variable
Compression Ratio) Diesel engine. The specifications of engine are assumptions that need to
be addressed. The specifications will be same both for grey cast iron..
The methods of analysis are given below:1. An overview is given based on a literature survey of general theory for the vibration
phenomenon.
2. The system is modelled using ANSYS Version 10 software to create needed
geometry, and carry out simulations.
3. The problem is described in a two dimensional beam and three dimensional model.
4. Calculating combustion gas forces for the certain peal ranges of compression pressure
(between 45-75 bars).
5. Considering cylinder liner temperature.
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Fig. 3.1: Figure showing the application Combustion Gas Forces in 2-Dimensional Beam
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After Meshing

Fig. 3.2: Figure showing the application Combustion Gas Forces in 3-Dimensional Model after Meshing

3.1 Calculation of Gas forces
Calculation of gas forces were carried out to define the compression pressure during
combustion in an engine. Following are the calculations performed for featured analysis of
vibration due to combustion gas force.
Force acting due to gas pressure on piston
Force = P * п / 4 * dp2 [10]
Where, P = Compression Pressure
dp = Piston Diameter
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Simulation technique can never be complete replacement for an experimental testing. But
they can provide a useful service in that the effect of parameter changes may readily be
expressed without resource cutting metal, leaving experiment to confirmatory role.
Experiment must also provide the evidence needed to validate the mathematical model in
first instance. Since, vibration characteristic can be found with empirical relations it is also
helpful to get the point load that impact on the side of the cylinder, data was taken from
books, which were used to run the program. The studied system representing an I.C.
combustion engine is modelled as a cylinder liner which is consisting of cylinder thickness
and stroke length. Simulation with the finite element software ANSYS lends to the
integration to the piston and cylinder liner.
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3.2 Modelling and Simulation

3.3 Finite Element Analysis
Finite element models were created based on the geometry of the system assembly. The
modelling and simulation was carried out using the finite element software ANSYS [13]. For
the problem use was made of a two dimensional beam and 3-dimensional cylinder liner. A
job was created with its attendant job name. I the pre-processor domain, modelling was
picked and then area selected to create the job dimensions. In element type regions the preprocessor for selecting the element type for 2-D (plane 42) and for 3-D (Solid 45). The type
of material and its properties were chosen in the material properties - material models for
solid. An element size edge of 0.001 was used to mesh the model. This was done signifying
the default attribute and the plane 42 and Solid 45 with the material model1. Plane 42 is
selected to mesh a plane in 2-dimensional beam and solid 45 is selected to mesh a plane in 3dimension model.
Table 3.1: Properties of grey cast iron

Modulus
of
elasticity

Poison’s
Ratio

FG 150

100800

0.26

7050

FG 260

128500

0.26

7250

FG 400

146100

0.26

7300

Material name

Grey cast

Density

Iron

Volume 02, No. 4, April 2016

Page

Harmonic analysis deals with the response of structure to harmonically time varying loads.
It gives the ability to predict the sustained dynamic behavior of structure. While the steady
state deals with point loads the harmonic analysis deals with varying loads with frequency.
For actuating the harmonic analysis, the meshing of 2D beam were completed to process
further analysis of the work. It includes entering into solution and to select proper harmonic
analysis. Choosing Full solution method and selecting the Frontal solver. In this work the
damping ratio 2% for vibration or deflection analysis. Apply boundary conditions, by
selecting the define load, by selecting the displacement from structural, as fix the left side of
beam (cylinder liner) as all DOF zero and fix the right side of beam as UX zero. Selecting
the force / moment, apply the combustion gas force at TDC of cylinder liner and also apply
gravity force. Specified in cycles per second (Hertz) by a frequency range and number of
sub-steps within that range (take harmonic frequency range 0-50Htz and number of substeps 10). And solve the problem. To select the time history postprocessor, in that plot the
displacement vs. frequency. But before going to plot graph first define the post 26 variable.
For these pick nodes that might deform the most, and then choose the DOF direction then
graph them. In post processing the software gives the results for amplitude with the
characteristics such as displacement vs. frequency.
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3.4 Harmonic Analysis for 2-Dimensional Beam (Cylinder Liner)

Specifications

Model

TV1

Make

Kirloskar oil Engine

Type

Four stroke, Water cooled
Diesel

No. of cylinder

One

Combustion Principle

Compression ignition

Max speed

2000 rpm

Min speed

750 rpm

Min operating speed

1200 rpm

Crank Radius

39.5mm

Connecting Rod length

234mm

Cylinder diameter

87.5mm

Thickness of cylinder

10 mm

Piston diameter

87.44mm

Compression ratio

17.5:1

Material of cylinder

Grey cast iron or
aluminium

Stroke length

110mm

Cut off ratio at 2000rpm

2.5

Page
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Table 3.2: Specification of Diesel Engine
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For material FG260 for 2D(Grey cast iron)

Fig. 3.4: Graph for 45 bar pressure (FG 260)
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Note: Similarly the nodal solutions and graphs are plotted from 50 to 75 bar pressure
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Fig. 3.3: Nodal solution for 45 bar compression pressure (FG 260)

range
3.5 Harmonic Analysis for 3-Dimensional Model (Cylinder Liner)
For 3-dimensional model, drawing the two concentric circles, considering the thickness and
diameter of cylinder and extrudes the same. After extruding, mesh the models. And start the
harmonic analysis. In harmonic analysis, repeat the procedure as in 2-D up to boundary
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conditions. Instead of applying the combustion gas force, apply only compression pressure to
3D model. After that, repeat the same procedure as in 2D for getting nodal solutions. 3D
model can deflect in two directions i.e. in Y and Z-direction.
4. RESULTS AND ANALYSIS
This chapter describes the results obtained after the analysis which includes different
materials along with the directions. After applying gas forces to 2-dimensional and 3dimensional cylinder liner, we get some results. In this chapter we discuss the node number at
which we get the deflection due to each compression pressure for each material. In following
table, at node 22, the 2-dimensional beam deflects in Y direction due to combustion gas
force.
Table 4.1: Nodes at which a 2 dimensional beam deflects in Y direction

Compressionpressur
e /Property

FG 150
(Greycastiron)

FG 260
(Greycastiron)

FG 400
(Greycastiron)

45bar

0.95242E-03

0.92803E-03

0.92293E-03

50bar

0.10583E-02

0.10312E-02

0.10255E-02

55bar

0.11641E-02

0.11343E-02

0.11280E-02

60bar

0.12699E-02

0.12374E-02

0.12306E-02

65bar

0.13757E-02

0.13405E-02

0.13331E-02

70bar

0.14815E-02

0.14436E-02

0.14357E-02

75bar

0.15874E-02

0.15467E-02

0.15382E-02

Compressionpressurevs deflectionforallproperties
for2D
1.60E-03

1.00E-03

iron)

8.00E-04

FG260(Greycastiron

6.00E-04
4.00E-04

)

2.00E-04

FG400(Greycastiron
)

CompressionPressure
0.00E+00

Fig. 4.2:CompressionPressurevs.Deflectionforallpropertiesofmaterialsfor 2D
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FG150(Greycast
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1.20E-03

45bar
50bar
55bar
60bar
65bar
70bar
75ar

Deflection

1.40E-03

From above graph it is seen that, for grey cast iron material, at 45bar pressure the minimum
value of deflection for the material FG 260. And the maximum values of deflection at 75 bar
pressure for the material FG 400.
In following table, the 3-dimensional model deflects in Z direction at node 109 due to
combustion gas force.
Table 4.3: Nodes at which 3 Dimensional models deflects in Z direction

Compressionpressure
/Property

FG 150
(Greycastiron)

FG 260
(Greycastiron)

FG 400
(Greycastiron)

0.89688E05
0.99653E05
0.10962E04
0.11958E04
0.12955E04
0.13951E04
0.14948E04

0.10823E04
0.12026E04
0.13229E04
0.14431E04
0.15634E04
0.16837E04
0.18039E04

0.13033E04
0.14482E04
0.15930E04
0.17378E04
0.18826E04
0.20274E04
0.21722E04

45bar
50bar
55bar
60bar
65bar
70bar
75bar

and FG 400. The results demonstrated by ANSYS were detailed discuss with reference to
plots available for vibration reduction testing. In 2-dimensional beam, the maximum
deflection for Grey Cast iron at 75bar for FG 150 (0.15874E-02). But by increasing thickness
by 1mm, deflection which is less compared to old.
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In this work, second major part undertaken to reduce the vibration with design point of view.
In addition to this it is proposed from theoretical findings from the analysis that if we add
1mm thickness of cylinder from outer periphery, we obtained better result for reduction in
vibration. Thus to reduce the vibration in diesel engine due to combustion gas forces by
optimization method through increasing the thickness of cylinder by 1mm found better and
the same results were demonstrated by the analysis. Some of the results of 2-dimensional
beam for the material FG 150 are shown, and vibrations get reduced as compared to the
conventional thickness of cylinder. Also same results were found for 3-dimensional model
for the FG 400. ANSYS-10 version was utilized for post processing the results which are
applied for 2-dimensional and 3-dimensional analysis. During the analysis the results
obtained for different materials like FG 150
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4.3 Reduction of vibration

5. CONCLUSIONS
In this work, vibration analysis was carried out for 2-D and 3-D model along with different
direction for grey cast iron and different nodes. In the analysis it is observed that 2dimensional beam deflects least for FG 400 in Y-direction.
In 3-dimensional model it is observed that, FG 400 behaves similar to FG 150 and the
difference in deflection between these two is negligible. In Z-direction the deflection of FG
400 is approximately same to all other materials.It is observed that during under compression
pressure the vibration and deflection characteristics were small at lower range of comp.
pressure for aluminium HF 18 material.
Further in order to reduce vibration level, thickness of outer periphery of cylinder increased
by 1mm. Better results were obtained i.e. the level vibration is found to be less for all
materials. Therefore it is observed that we can predict and understand vibration levels in a
better way during engine operating conditions.
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