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Abstract— The rocker arm is an extremely important
component in the operation of an internal combustion engine. It
is responsible for the opening and closing the intake and exhaust
valves. Rocker Arms are typically in between the pushrod and
the intake and exhaust valves. They allow the pushrods to push
up on the rocker arms and therefore push down on the valves.

In the present work, a three dimensional solid model of
Rocker Arm is designed with the help of CATIA, the model is
saved in .igs format. The model is then transferred to HyperMesh
for static analysis. The von-Mises stress and displacement values
of rocker arm made from material aluminum ALDCS alloy is
calculated and compared with the available values for validation.
The FE analyses of rocker arm for two different materials are
also compared. The two materials used are chrome moly steel,
and a composite material E Glass/epoxy. The weight of Rocker
arm is also compared for these materials.

The stress analysis results help to improve component design
at the early stage and also help in reducing time required to
manufacture the rocker arm component and its cost. The
reduction in weight is also helpful in better designing of the
engine.
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. INTRODUCTION

The rocker arm is an extremely important component in the
operation of an internal combustion engine; it is responsible
for the opening and closing the intake and exhaust valves.
Rocker Arms are typically in between the pushrod and the
intake and exhaust valves. They allow the pushrods to push up
on the rocker arms and therefore push down on the valves.
However, in Over Head Cam applications the Cam will ride
directly on the Rocker Arm. In addition to just changing the
direction of the motion from up on the rocker arm to down on
the valve, the Rocker Arm changes the amount of motion
transferred. Typically a Rocker Arm will "multiply" its motion
by a Rocker Arm Ratio by a factor of 1.45 to 1.7, meaning that
for each .100" of pushrod motion you would get .145" to .170"
of valve motion.

Generally referred to within the internal
combustion engine of automotive, marine, motorcycle and
reciprocating aviation engines, the rocker arm is an
oscillating lever that conveys radial movement from the cam
lobe into linear movement at the poppet valve to open it. One
end is raised and lowered by a rotating lobe of the camshaft
(either directly or via a tappet (lifter) and pushrod) while the

other end acts on the valve stem. When the camshaft lobe
raises the outside of the arm, the inside presses down on the
valve stem, opening the valve. When the outside of the arm is
permitted to return due to the camshafts rotation, the inside
rises, allowing the valve spring to close the valve.

Fig.1. A Rocker Arm

The drive cam is driven by the camshaft. This pushes the
rocker arm up and down about the trunnion pin or rocker shaft.
Friction may be reduced at the point of contact with the valve
stem by a roller cam follower. A similar arrangement transfers
the motion via another roller cam follower to a second rocker
arm. This rotates about the rocker shaft, and transfers the
motion via a tappet to the poppet valve. In this case this opens
the intake valve to the cylinder head.

The effective leverage of the arm (and thus the force it can
exert on the valve stem) is determined by the rocker arm ratio,
the ratio of the distance from the rocker arm's center of
rotation to the tip divided by the distance from the center of
rotation to the point acted on by the camshaft or pushrod.
Current automotive design favors rocker arm ratios of about
1.5:1 to 1.8:1. However, in the past smaller positive ratios (the
valve lift is greater than the cam lift) and even negative ratios
(valve lift smaller than the cam lift) have been used. Many pre-
WW?2 engines use 1:1 (neutral) ratios.

For car engines the rocker arms are generally steel
stampings, providing a reasonable balance of strength, weight
and economical cost. Because the rocker arms are, in part
reciprocating weight, excessive mass especially at the lever
ends limits the engine's ability to reach high operating speeds.
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II. PROBLEM FORMULATION
Rocker arm is subjected to compressive load at the rocker pin
on opening and closing of the valves, as a result of which
stresses are developed in the rocker arm. This may lead to
fracture in rocker arm or causes breakage of rocker arm. So
this analysis is done to find out the safe limits of stresses and
deflections for a rocker arm. Different materials have been
tested and there stress values, deflections, total weight are also
compared so as to find a suitable material and safe stress
value.
The main objective of this work is:
1) To perform the Finite Element Analysis of rocker arm so as
to determine the stress distribution, maximum deflections and
its location in the rocker arm.

2) To compare materials used for making rocker arm so as to
find a perfect material for rocker arm having low stress value
and lesser weight.

The preprocessing is done in HyperMesh 11.0 and the solver
used is RADIOSS Linear. The CAD model of ROCKER ARM
has been generated in CATIA V5R20 and saved in IGES
(Initial Graphics Exchange Specification) and then imported in
HyperMesh.

The stress contours have been plotted and patterns are
studied for different materials. The results are compared and
verified with available experiments.

11. WORKING OF ROCKER ARM

The rocker arm is an oscillating lever that conveys radial
movement from the cam lobe into linear movement at the
poppet valve to open it. One end is raised and lowered by a
rotating lobe of the camshaft (either directly or via a tappet
(lifter) and pushrod) while the other end acts on the valve
stem. When the camshaft lobe raises the outside of the arm,
the inside presses down on the valve stem, opening the valve.
When the outside of the arm is permitted to return due to the
camshafts rotation, the inside rises, allowing the valve spring
to close the valve.

The drive cam is driven by the camshaft. This pushes the
rocker arm up and down about the turn-on pin or rocker shaft.
Friction may be reduced at the point of contact with the valve
stem by a roller cam follower. A similar arrangement transfers
the motion via another roller cam follower to a second rocker
arm. This rotates about the rocker shaft, and transfers the
motion via a tappet to the poppet valve. In this case this opens
the intake valve to the cylinder head.

IV. FINITE ELEMENT ANALYSIS

The finite element method is a numerical method for solving
engineering and mathematical physics problems. The typical
use of this method is to solve the problems in the field of stress
analysis, heat transfer, fluid flow, and mass transfer and
electromagnetic. This method can able to solve physical
problems involving complicated geometrics, loadings and
material properties which cannot be solved by analytical
method. In this method, the domain in which the analysis to be
carried out is divided into smaller bodies or unit called as
finite elements.

The properties of each type of finite element is obtained and
assembled together and solved as whole to get solution. Based

on application, the problems are classified into structural and
non-structural problems. Finite Element Analysis (or other
numerical analysis), development of structures must be based
on hand calculations only. For complex structures, the
simplifying assumptions required to make any calculations
possible can lead to a conservative and heavy design. A
considerable factor of ignorance can remain as to whether the
structure will be adequate for all design loads. In structural
problems, displacement at each nodal point is obtained. Using
these displacement solutions, stress and strain in each element
are determined.

Similarly, the non-structural problems, a temperature or fluid
property at each nodal point is/are obtained. Using these nodal
values, properties like heat flux, fluid flow etc., for each
element is determined. Since large computations are to be
carried out, this method requires high-speed computation
facility with large memory. Finite element method (FEM) and
Finite element analysis (FEA) are both one and same term. But
term FEA is more popular in industries while FEM is famous at
universities.

V. PROCEDURE OF FEA

Steps Phases

| Discretization

l

Numbers of Nodes and element

l

Selection Displacement or
Interpolation Model

le— Pre-processing

!

Defming material behavior

l

Derivation of element equation

|

Applying Boundary Conditions

Obtaming Required Results
from solution

[¢— Analysis

|[¢————————— Postprocessing

Fig.2. Procedure of FEA

In FEA software’s, the general process of finite element
method is divided into three main phases, pre-processing,
solution, and post processing.

Following are the input data that needs to be given to the pre-
processor:

1. Type of analysis (structural or thermal, static or dynamic,
and linear or nonlinear)

2. Element type.

3. Real constraints.

4. Material properties.

5. Geometric model.

6. Meshed model.
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7. Loadings and boundary conditions.

The input data will be pre-processed for the output data and
pre-processor will generate the data files automatically with the
help of users. These data files will be used by the subsequent
phase.

Solution phase is completely automatic. The FEA software
generates the element matrices, computes nodal values and
derivatives, and stores the result data in files. These files are
further used by the subsequent phase as for this purpose
(postprocessor) to review and analyze the results through the
graphic display and tabular listings.

Output from the solution phase (result data files) is in the
numerical form and consists of nodal values of the field
variable and its derivatives. For example, in structural analysis,
the output is nodal displacement and stress in the elements. The
postprocessor processes the result data and displays them in
graphical form to check or analyze the result. The graphical
output gives the detailed information about the required result
data. The postprocessor phase is automatic and generates the
graphical output in the form specified by the user. Result
Viewer and Plot Result are used for Post-Processing in this
problem.

VI. MODELING METHODOLOGY

The first step in preprocessing is to prepare a CAD Model
of rocker arm. CAD model of the complete rocker arm is
generated using CATIA V5 R20 software. CATIA is having
special tools in generative surface design to construct typical
surfaces, which are later on converted into solid. CAD model
of our problem consists of a single component. The model used
in the present work is saved in IGES (Initial Graphics
Exchange Specification) format which is compatible with all
CAD software. After importing the CAD file into HyperMesh,
it is saved in .hm format.

After importing the CAD data, the first step is geometry
cleanup. Geometry cleanup tools are used to restore proper
surface connectivity to part geometry. The geometry panel
contains tools like quick edit, edge edit, point edit, auto
cleanup etc. which help in preparing surface geometry for
meshing. Meshing quality depends very much on the quality
of geometry.

The element size used for 3D mesh is 4mm. Element size
was decided after checking the convergence of von-Mises
stress of Rocker arm. The following table 1 shows the value of
maximum von-Mises stress and displacements for different
element lengths.

Table No.1
Maximum Von-Mises Stress at Different Element Sizes

Element Size Min. Element Maximum von- Maximum
(mm) size(mm) Mises Stress Displacement
(Mpa) (mm)

1 0.4 23.7 2.6

2 0.6 22.6 2.5

3 1 19.5 243

4 1 19.3 2.24

5 1 19.4 2.23

Element types used for 3D surface meshing were Quads and
Tetra mesh type as these are more accurate for 3D parts. Tetra
meshing and Volume tetra meshing is used for 3D mesh
generation.

Fig.3. 3D meshed model of Rocker arm

Mesh details are as follows:

Element size 4mm

Minimum element size 1mm

Feature angle 30°

Number of Nodes generated: 4814
Number of Elements formed: 18687
Total no. of Degree of Freedoms: 14024
2D type elements- Quads

3D type elements- Tetras

After meshing various component collectors are created. The
meshes of the different surfaces are put together in different
component collectors. The next step after putting elements in
various component collector is to create material collector an
assigning the material to elements. After creating material
collectors, property collectors are created. Element type, card
image and material are assigned to various property collectors.
For rocker arm model element type is 3D, card image used is
PSOLID and material is cast aluminum ALDC8

VII. BOUNDARY CONDITIONS
Load collector is the collection of boundary conditions i.e.
different forces, pressure, velocity, supports, constraints and
any other condition required to complete analysis. Applying
boundary condition is one of the most typical processes of
analysis. A special care is required while assigning loads and
constraints to the elements. Boundary condition is of two

types:

1. Element based boundary condition
2. Node based boundary condition

In element based boundary condition a group of elements is
selected on which various loads are to be applied. Whereas in
node based boundary condition nodes of mesh are selected for
applying load and forces. We have used the node based
boundary condition in this analysis work for applying load at
the rocker arm pin and constraints around the pin holes.

Chin-Sung Chung and Ho-kyung Kim [1] assessed the
magnitude of an applied load on a rocker arm. The rocker arm
used by them has been used in this analysis. To find the
magnitude of applied load on the rocker arm, it is necessary to
determine the compressive load on the valve spring during
rotation of cam. The valve spring constant was determined to
be 29.6 N/mm using a servo hydraulic tensile machine.
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The maximum cam displacement was determined to be 6 mm
by rotating the cam manually using a dial gauge. Thus the
effective vertical stroke of the cam (L) is 4.48 according to the
equation L=6 mm x c0s36.30. The compressive displacement
of the valve spring (X) due to the effective vertical stroke of
cam can be determined to be 8.87 mm by applying the level
principle of 23.50 mm: 43.06 mm = 4.84 mm: X mm. The
actual compressive displacement of the valve was determined
to be 8.62 mm, taking into consideration the normal valve gap
of 0.25 mm.

Finally, the load due to the compression of the valve spring
was found to be 255.2 N by multiplying the compressive
displacement by the spring constant (8.62 mm X 29.6 N/mm =
255.2 N). The initial compressive load of the valve spring due
to installation of the spring was determined to be 199.6 N by
multiplying the valve spring constant (29.6 N/mm) by the
maximum spring displacement of 6.75 mm.

Finally, the maximum static compressive force on the rocker
arm was determined to be 454.8 N by adding a compressive
load of 255.2 N, as induced by lifting the cam to the initial
compressive spring load of 199.6 N, caused by installation of
the valve spring as shown in fig. 4

600 T T T

s00 [ / ]

Final compressive load (434.8 N)

z 400 ]
£l 1
S Load due to A
¢ 300 [ Valve spring constant cam rotation]
g k=129.6 N'mm (=255.2N) ]
E o
£ 200} h
] j
Pre-load due to ]
100 spring installation 7]

(=199.6 N)

0 1 L 1
0 5 10 15 20

Displacement (mm)

Fig.4. Determination of compressive load of the valve spring

The rocker arm was constrained by linking the nodes around
the pin hole inner surface, representing only rotation along z-
axis. The rigid element of the larger pin was linked by inner
lower surface nodes, while that of the smaller pin hole was
linked by inner upper surface nodes, this is shown in fig 5. Blue
color triangles show SPC (single point constraint).

Fig.5. Constraints applied on Rocker arm

Figure 6 shows the distribution of force around the rocker pin,
as the load is equally divided along the nodes on the rocker pin
So:

No of nodes selected on rocker pin- 28

Total load on the rocker pin- 454.8N

Load on each node- 454.8/28 = 16.243N along y-axis.
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Fig.6. Distribution of load on the Rocker pin

VIII. RESULT AND DISCUSSION
Cast aluminum ALDCS is a high strength, lightweight material
for Rocker arm. Lightweight rocker arms are a plus for high
rpm applications, but strength is also essential to prevent
failure.

Fig.7. von-Mises stress contour of rocker arm/al ALDC8

Figure 7 shows Von-Mises stress developed in the rocker arm
at normal loading conditions.

The maximum stress observed is 19.3MPa at the neck of
rocker arm as shown in the figure. The value of stress is well
below the yield stress which is 225MPa.

During analysis it was found that von-Mises stresses are
almost same for three different material used (al ALDCS,
Chrome moly steel alloy, E Glass/epoxy composite material).
The stress is found maximum at the neck of rocker arm. This
can be reduced by increasing the material near the neck region.
For validation of FEA results, the results have been compared
with existing results [1] of the similar model under same
loading conditions. For above loading conditions, the stresses
developed are found to be well below the allowable yield
stress (225MPa).The maximum von Mises stresses in the
analysis is found to be 19.3MPa. The maximum displacement
in the analysis is found to be 0.024mm which is in the
acceptable range.
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A. Weight comparison of the three materials:

By changing the material from chrome moly steel to aluminum
alloy ALDC8 and to composite material E glass/ epoxy the
weight of the rocker arm is optimized.

Table No.2
Comparison of weight of Rocker arm using different materials

Sr.No. | Name of material used for | Weight of Rocker arm (grams)
Rocker arm
1. Aluminum ALDC8 74.4
2. Chrome Moly Steel 214.9
3 E Glgsslepoxy Composite 5235
material

Clearly from the table 2 by using composite materials we can
reduce the weight of rocker arm, which in turn reduce the
weight of engine and the automobile. By using E Glass/epoxy
composite material the weight of Rocker arm becomes almost
five times lighter than it was when using chrome moly steel as
a material.
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