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Abstract— The main objective of this thesis is performing
the detailed load analysis including Multi Body analysis and
to explore the weight reduction opportunities of cam used in
Bajaj Pulsar 150c.c engine. This has been carried out by
considering the two cases. The first case includes the static
load stress analysis to determine various stress acting on the
cam and valve, and Multi body analysis to find out the
behavior of the cam and valve with its associated parts while
in relative motion. The second case includes performing the
optimization by looking at the possible weight reduction
opportunities for cam. The geometric modelling of
connecting rod is done by using UNI-GRAPHICS and saved
in IGES format and imported to ANSYS workbench, using
ANSYS 14.5 workbench the Cam and valve analyzed for
various stresses by applying loads and boundary conditions
by using different modules of ANSYS workbench 14.5.
Finite element analysis of the cam and valve is done by
considering structural steel material. VVon misses stresses,
natural frequencies with respect to modes are done.
Optimization by weight reduction is carried out by providing
scooped cut out at cam and analysed for various loads.
Finally results are obtained for various load conditions and
future scope for the project is defined.
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. INTRODUCTION

Internal combustion engine valves are precision engine
components. The valve train system is one of the major parts
of internal combustion engine, which controls the amount of
air-fuel mixture to be drawn into the cylinder and exhaust
gas to be discharged. Cam and Valve is an important part in
internal combustion engine. The main function of cam is to
transmit the prescribed motion to another part by direct
contact.

In some cases, reason for the failure of the engine
is because of the failure of cam and valve. This leads us to
study the behavior of cam and valve under various loading
conditions. So load analysis and Multi Body analysis is
considered to know the various stresses acting and to study
the behavior of cam and valve under various loading
conditions.

Now a day’s automobile company are considering
every possible option to reduce the overall weight of the
vehicle to achieve the fuel economy standards set by
government. Our study in this thesis mainly towards the
option to reduce the weight of the cam which will contribute
to the reduction of overall weight of the vehicle.

A. Valve Train Nomenclature

A valve train is a mechanical system that controls operation
of the valves in an internal combustion engine, in which a
sequence of components transmits motion throughout the

assembly. The valve train involves valves, rocker arms,
pushrods, lifters, and camshatft.
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Fig. 1: Schematic representation of valve train

Il. OBJECTIVE

The objective of this project to study the behavior of
modified cam and valve subjected to various loading. Thus
cam and valve is subjected to various types of analysis such
as modelling of cam and valve. Linear analysis of Cam and
Valve, modal analysis of cam and valve, Multi-body
analysis of Cam and Valve.

I1l. SCOPE OF WORK

Before performing optimization of cam and valve, modeling
of cam and valve needs to be developed by using Computer
aided design (CAD) software. The structural modeling
developed will be imported into the Computer aided
engineering (CAE) software to carry out analysis work.
Initially Meshing of the connecting rod will be done. Finite
element modeling process was performed by using ANSY'S.
The boundary conditions and the type of loading is selected.
The Finite element analysis is carried out at cam and valve
to solve the analysis equations and thus producing the result
of stress, strain and displacement which will be helpful to
analyze the critical area of the model. Finally, Optimization
will take place and the behavior of optimized cam under
various loadings is studied.

IV. MATERIAL SELECTION

The material used is structural steel. Chemical composition
and the mechanical properties of the material is given in the
table below:
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A. Chemical Composition

C |Mn|si|cr| P | S |Ni IXI N
19.3

050 17.00 | g5 | "5 | 0.05 | 003|15| |02

0.60 | 9.50 | ° 2%5'6 ° S i

Table 1: Chemical Composition

B. Mechanical Properties

Density(*1000kg/mm3 ) 7850
Poisson’s Ratio 0.30
Elastic Modulus (Gpa) 200
Tensile strength (Mpa) 400-550
Yield strength (Mpa) 250
Elongation (%) 8
Reduction in Area (%) 10
Hardness (HB) 30

Fig. 2: Mechanical Properties

V. DESIGN OF CAM AND VALVE

The dimensions are used in the development of geometric
model of cam and valve using UNI-GRAPHICS software. In
this study cam and valve is designed with two aspects
considering weight reduction as stated in objectives part.
Then developed cam and valve is subjected to various
loading conditions to study the behaviour and various
analysis is carried out.
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Fig. 2: Cam and Valve without and with cut out
Dimensions of the cam with scooped cut out are
same as that of the cam without cut out. Geometric
modelling of the cam and valve with cut out is done using
same UNI-GRAPHICS software and represented to show
features and dimensions.

Fig. 3: Geometrical Dimensions

VI. FINITE ELEMENTS MODEL

The finite element meshed model of both before and after
modified cam and valve are as shown in figure. The
meshing method used for the model is hexa dominant
method, 8 nodel184 type of element is taken. Total number
of nodes and elements here will be 56202 and 16006
respectively for cam and valve without cut out. Total
number of nodes and elements for modified connecting rod
will be 64102 and 19298 respectively.

Fig. 4: Finite Elements Models

A. Boundary Condition

The rotational velocity having rotational speed of 20000
rpm in which the given speed is high. The displacement
boundary condition in which it has one axis is rotational and
other two axis is fixed.
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Fig. 5: Boundary Conditions

VII. RESULTS AND DISCUSSION

A. Linear Static Analysis

A: Static Structural
Maximurn Principal Stress
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Unit: MPa
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Fig. 6: Maximum principal stress
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26989 Fig. 11: Highest Natural Frequency in modal Analysis
e The modal analysis carried for cam and valve
without modification .The highest natural frequency of cam
and valve without modification is 135.07 Hz and lowest is 0
Fig. 8: Equivalent stress of cam and valve without cut out Hz. The maximum and minimum deformation in high
frequency mode is 357.85 mm and 0 mm is shown in red
A: Static Structural - -
Equivalent Stress and blue colour as shown in fig.

Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirme: 1
19-06-2016 16:02

The modal analysis carried for cam and valve with
modification in which the highest natural frequency is
145.98 Hz and lowest is 0 Hz. The maximum and minimum

10418 deformation in high frequency mode is 363.33 mm and O
101.43 mm is shown in red and blue colour as shown in fig.
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1) Linear static analysis of cam and valve for single
cylinder 4-stroke engine's cam is carried out, the
maximum equivalent stress is 211.45 MPa. Which is
less than yield stress of a structural steel, so the design
of cam is safe for corresponding load.

2) Dynamic analysis is performed to find initial six modes
and corresponding natural frequency. This highest
natural frequency is 135.07 Hz and lowest is 0 Hz.

3) Material optimization is conducted by scooped
technology. Material is scooped by 2mm in the lower

Fig. 9: Equivalent stress of cam and valve with cut out

From the above figure maximum stress obtained in
cam and valve before modification is 211.45 MPa and
maximum stress value obtained after modification of cam
and valve is 130.41 MPa. The stress value obtained after
modification of connecting rod 130.41 MPa which is within
the allowable yield stress of the material i.e 250 MPa. Hence
the design is considered to be safe.

B. Modal Analysis stress area to reduce the weight and minimize the
Modal dynamic analysis is performed to find the initial material. o

modes and corresponding natural frequency. The dynamic ~ 4) Linear static analysis is performed for the cam and
analysis for both before and after modification of cam and valve; the max. equivalent stress is 130.41 MPa which
valve shown in fig below. is less than vyield stress. so the design is safe for

corresponding load.

5) Dynamic analysis is performed for the optimized cam
to find initial six modes and corresponding natural
frequency. This highest natural frequency is 145 Hz
and lowest is 0 Hz.

6) Multi-Body analysis is performed to know the stresses
and deformation wrt two moving bodies.
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B. Future Scope

1)

2)

3)

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[0l

Replacement of structural steel by composite material
because the composite has less weight and greater
strength.

Campbell diagram can be plotted to find the resonance
using six modes and corresponding natural frequency.
Static thermal analysis can be performed to know the
behaviour of cam and valve under thermal conditions.
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