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ABSTRACT

This thesis deals with simulation test of constant velocity joint (CVJ) using
computer aided engineering software. The objective of this thesis is to investigate
and analyze the stress distribution of CVJ using CAE software. The thesis describes
the finite element analysis techniques to predict the failure region on the CVJ and to
identify the critical locations of the components. The structural three-dimensional
solid modeling of CVJ was developed using the computer-aided drawing software,
SolidWork. The strategy of validation of finite element model was developed. The
finite element analysis was then performed using CosmosWork. The finite element
model of the components was analyzed using the static stress with linear material
model approaches. Finally, the stress distribution obtain from the result of analysis
are employed as input for the failure region. From the results, it is observed that the
analysis using CosmosWork can predict the failure region under fatigue loading. The
acquired results tell the failure region occurred at the inner ball hub where it was
attach to the shaft and the concentration of the stress occur at that place.
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ABSTRAK

Tesis ini membentangkan simulasi penyelidikan terhadap gandar halaju malar
(GHM) menggunakan perisian kejuruteraan bantuan komputer. Objektif tesis ini
adalah untuk menyiasat dan mengkaji distribusi tekanan terhadap GHM
menggunakan perisian kejuruteraan bantuan komputer. Tesis ini menerangkan teknik
kajian unsur terhingga untuk menjangka kawasan GHM yang akan mengalami
kerosakan dan untuk mengenalpasti lokasi-lokasi kritikal pada GHM. Permodelan
struktur pejal tiga-dimensi bagi GHM dibangunkan dengan perisian lukisan bantuan
komputer, SolidWork. Strategi pengesahan model unsur terhingga dibangunkan.
Analisis unsur terhingga dijalankan menggunakan CosmosWork. Model unsur
terhingga tersebut dikaji menggunakan pendekatan tekanan pegun dengan model
bahan linear. Akhir sekali, distribusi tekanan yang didapati daripada analisa kajian
menggunakan CosmosWork boleh digunakan untuk menjangka kawasan yang akan
mengalami kerosakan sekiranya tekanan lesu dilaksanakan. Keputusan yang
diperoleh menyatakan bahawa kawasan yang akan mengalami kerosakan adalah pada
pusat bebola dalaman yang disambungkan kepada gandar dan penumpuan tekanan

terjadi pada bahagian itu.
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CHAPTER 1

INTRODUCTION

Background

Constant velocity (CV) joints are a particular type of universal joint
with the characteristic that they maintain an angular velocity ratio of exactly
unity between output and input members at any angle during the revolution
for a range of working joint angles [10]. Axles transmit the power from the
transmission to the wheels. There are two axles on a front wheel drive car,
one on the left and one on the right. Front wheel drive axles have two CV
joints, one on either end of the axle. CV stands for "constant velocity", which
refers to their ability to smoothly transfer power at an angle. The inner CV
joint slides in and out so the axle can increase and decease in length when the
car goes over bumps. The outer CV joint allows about 45 degrees rotation so
the front wheels can turn to go around corners. There are many types of
constant velocity joint such as Rzeppa, Bendix-Weiss, Tripot, Double Offset,

and Helical or German Cross Groove Joint[7].



The life of a CV joint varies considerably; however, a typical life is
around 4 or 5 years or 70 000 miles on an automobile [4]. Failure of a CV
joint is typically considered to have occurred when excessive wear,
predominantly in the form of small indentations or grooves in the hardened-
steel race tracks, impacts joint performance. The result is usually observed as
an audible "clicking™ noise or excessive vibration during vehicle
maneuvering. The cause may be due to failure of the elastomeric boot seal,
allowing grit and other impurities in, and the lubricating media out [11],
Alternatively it may he due to normal wear of any of the sliding, rolling or
rotating members within the joint. These joint components experience very
high loads which are often oscillatory in nature and thus prone to fatigue
failure. Operating conditions vary considerably depending on the type of
vehicle, size of engine, the driving conditions, the payload, and the
characteristics of the driver. The effect of tolerance stack-up and the fit
between mating parts created during component manufacture can also have a

significant effect on wear and service life [9].

In this project, we want to describe a method to find the maximum
load, torque/moment and angle for the CV joint that the component can
extant when we apply it. Beside that we also want to analyze the functionality
and design using computer aided engineering software (CAE). We also want
to know when the CV joint become wear when we apply a load in the
component and the time taken. A measuring instrument based on this work
has been develop [4], and a patent application has been filed [11]. An
important attribute of the new methodology is that it does not require detailed
design parameters of the race. This is particularly important considering the
wide range of CV joint sizes and types on the market today and the fact that
most potential users of the methodology would not have direct access to this
information. For the automotive aftermarket, the new methodology provides a
standard measure upon which to base serviceability decisions. For the
autoindustry OEMSs, the methodology provides a measure which could be
used to evaluate and quantify CV joint wear on new vehicles undergoing life

and performance testing.



1.2 Problem statement

This project is to initiate the simulation of stress/ force using CAE.
The project base on Constant Velocity Joint (CVJ) for automotive part. As
the result the CVJ will move constantly with the time. When the CVJ rotate it
will course the friction on the bearing in constant velocity (CV). Besides
that, the load and angle also give the impact to the CVJ when it rotation. The
failure/wear of the CVJ will occur when the load, angle and the friction are

applied constantly or in high

1.3 Project Objective

To investigate the stress analysis of constant velocity (CV) joint using CAE

software

1.4 Project Scopes

By stating this project base only on the objectives is not recommended
as is too large or too wide to cover and it is important to create a scope for

this project. Scopes of this experiment are:

I.  Using CAE software to determine the computational stress and
finite element

ii.  General/common product in automotive industry



CHAPTER 2

LITERATURE REVIEW

2.1 Type of constant velocity joint (CVJ)
2.1.1 Rzeppa

The Rzeppa constant velocity (CV) joint is a ball- bearing type in which
the balls furnish the only points or Double - Cardan universal joint - Of driving
contact between the two halves of the coupling. A Rzeppa CV joint consists of
a star-shaped inner race, several ball bearings, bearing cage, outer race or
housing, and a rubber boot. The inner race (driving member) is splinted to the
inner axle shaft. The outer race (driven member) is a spherical housing that is an
integral part of the outer shaft; the balls and ball cage are fitted between the two
races. The close spherical fit between the three main members supports the
inner shaft whenever it is required to slide in the inner race, relieving the balls

of any duty other than the transmission of power. The movement of the balls is



controlled by the ball cage. The ball cage positions the balls in a plane at right
angles to the two shafts when the shafts are in the same line. A pilot pin, located
in the outer shaft, moves the pilot and the ball cage by simple leverage in
such a manner that the angular movement of the cage and balls is one half

of the angular movement of the driven shaft.

BooT "3%'.‘#535&?.?'
@ Wk

RING

OUTER
CV JOINT
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Figure 2.1 : Exploded view of a Rzeppa CV joint



2.1.2 Tripod Constant Velocity Joint

A tripod or ball and housing CV joint consists of a spider, usually three
balls, needle bearings, outer yoke, and boot. The inner spider is splined to the
axle shaft with the needle bearings and three balls fitting around the spider. The
yoke then slides over the balls. Slots in the yoke allow the balls to slide in
and out and also swivel. During operation, the axle shaft turns the spider and
ball assembly. The balls transfer power to the outer housing. Since the outer
housing is connected to the axle stub shaft or hub, power is sent through the joint

to propel the vehicle.

2.1.2.1 Center Support Bearings

When two or more drive shafts are connected in tandem, their
alignment is maintained by a rubber bushed center support bearing. The
center support bearing bolts to the frame or underbody of the vehicle. It supports
the center of the drive shaft where the two shafts come together. A sealed ball
bearing allows the drive shaft to spin freely. The outside of the ball bearing is
held by a thick, rubber, doughnut-shaped mount. The rubber mount prevents
vibration and noise from transferring into the operator’s compartment. A bearing
similar to the center support bearing is often used with long drive lines,

containing a single drive shaft. This bearing is called a pillow block bearing

It is commonly used in drive lines that power auxiliary equipment.
Its purpose is to provide support for the drive shaft and maintain alignment.
When used at or near the center of the shaft, it reduces the whipping tendency
of the shaft at high speed or when under heavy loads. The construction of
pillow blocks varies. The simplest form is used on solid power takeoff drive

shafts, which is no more than a steel sleeve with a bronze bushing
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Figure 2.2: Exploded view of a Tripod CV joint

2.1.3 Bendix -Weiss

The Bendix-Weiss constant velocity (CV) joint also uses balls that
furnish points of driving contact, but its construction differs from that of the
Rzeppa in that the balls are a tight fit between two halves of the coupling and
that no cage is use. The center ball rotates on a pin inserted in the outer race and
serves Bendix-Weiss Constant Velocity (CV) Joint as a locking medium for the
four other balls. The driving contact remains on the plane that bisects the
angle between the two shafts; however, it is the rolling friction between the
four balls and the universal joint housing that positions the balls. When both
shafts are in line, that is, at an angle of 180 degrees, the balls lie in a plane
that is 90 degrees to the shafts. If the driving shaft remains in the original
position, any movement of the driven shaft will cause the balls to move one half
of the angular distance. For example, when the driven shaft moves through an
angle of 20 degrees, the angle between the two shafts is reduced to 160 degrees.
The balls will move 10 degrees in the same direction, and the angle

between the driving shaft and the plane in which the balls lie will be reduced



to 80 degrees. This action fulfills the requirement that the balls lie in the

plane that bisects the angle of drive.

SPLINED TO WHEEL HUB
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Figure 2.3: Exploded view of a Bendix — Weiss

2.1.4 Double — offset

The double - offset is another pluge joint commonly used as the inner
joint on FWD shaft. It consists of an inner race, six steel balls, a cage and an
outer race. Except for the outer race, which is relatively long and straight, this

joint resembles o Rzeppa joint. [16]

OUTER RACE CIRCLIP

WIRE RING BALL 6 REQ'D
BALL RETAINER
BALL CAGE CS

STUB SHAFT

O

INNER RACE

Figure 2.4: Exploded view of a Double Offset CV joint



2.1.5 Helical or German Cross Groove Joint

A disc shaped type of inner CV joint that uses balls and V-shaped grooves on
the inner and outer races to accommodate the plunging motion of the halfshaft.

The joint usually bolts to a transaxle stub flange

2.2 A two phase circular regression algorithm for quantifying wear in CV joint

ball race track

2.2.1 Failure modes and joint life

Although the inner and outer race geometry of CV joints is somewhat
different than the regular bearing, the principle of rolling and sliding
contact between ball and a groove in a lubricated environment are shared
both. The wear mechanisms and failure mode can be correlated and
extensive research on a regular ball bearing [2, 13]. The common causes

and mode are summarized below:

2.2.1.1 Cauvities, indentations or grooves form within the race track when a
foreign particles make their way into the bearing and are pressed into
the groove surface by the ball

2.2.1.2 Flaking occurs when the number of surface fatigue cranks, along very
small, increase to the point where a fragment of race material breaks
off.

2.2.1.3 Crack and fracture are typically the result of severe bearing overload.
Cracks may also result from material flaws or improper race grinding.

2.2.1.4 Cage failure occurs due to fatigue failure and abrasive wear, poor
lubricant is usually to blame. The rotating balls will produce wear on
the cage when the lubricant is sparse. If this continues, cage breakage

and bearing seizure can occur
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2.2.2 Dimensional factors affecting joint life

In the Rzeppa joint, the constant velocity plane passes through the
centre of the six balls. As the operating angle changes, the plane of the
ball move relative to outer race to maintain their joint angle bisection [6].
The ball transmits torque from the inner race to the outer race, or housing
and must continuously traverse along the groove to remains in the
constant velocity plane. In the Rzeppa CV joint, the ball rides in an
elliptical or pseudo-elliptical race track cross section, thus providing two
point of contact either side to support the ball as shown in figure 2.11.
The pseudo-elliptical race track in the figure 2.11 (b) is often preferred to
the true elliptical form as it is more easily machined. The pseudo-
elliptical race is formed from two segment of a circle with offset centers.
The design contact angle is typically 45°, although other angles have been

employed.

Any clearance between the balls and the groove will allow the
contact angle to increase during torque transmission. Figure 2.12 shows
inner and outer contact angles before and after torque is applied to the
joint when clearance exists between the ball and the races. The inner and
the outer contact angle are 6; and 0, respectively and equal the nominal
contact angle of 45°. On the figure, the effect of the gaps allows the
torque to shift the races relative to each other. This alters the contact
angle as 0; and 0, are both clearly greater than the original 45°. It
increases the contact pressure upon the races, accelerating fatigue and
thus decreasing joint life. Taniyama [8] shows experimentally that service

life may be reduced by half with only a 10% large pr5essure angle.
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Figure 2.6: Change of constant angle with application of torque

2.2.3 Wear measuring principle

The wear may have very little or so depth and may be only a
highly polished area of the track. Alternative, it may be a physical groove
as deep as 100 um (0.004 in) and of single, double or multiple forms in
such severe cases of wear the part would be scrapped. Small amounts of
wear on the race tracks can be removed by buffing or polishing, which is
often termed “refurbishing”. Large amounts of wear may be

accommaodated by regrinding the tracks and utilizing oversized ball.
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The Rzeppa geometry utilizes an elliptical section profile to
support the ball [1], combined with a circular translation profile giving
the angular motion between the two shaft of the joint. A number of
surface probing concepts were explored and the solution chosen was
utilize the joint ball itself as the probe tip in order to automatically align
the center of the race and its datum. The term approaches simply, the
“ball-as-the-probe” principle. The measuring task involves translating the
ball along the track while monitoring ball coordinates. In this way, the
effect of wear scars or grooves on the behavior of the ball during

operation may be directly measured.

2.3 Software

231

For designing and analysis, the CAD (Computer aided design)
using software SolidWork is used to design part while the CAE
(computer aided engineering) using CosmosWork is use to analysis the
part. From the result obtain, we can predict the failure of part or
component. Moreover, the software is use widely in industry. The
analysis done not to obtain the result but to train the user be familiar with

the software.

CAD

Computer aided design is wide use especially to assist the
engineer, architect and other design professional to design something.
CAD is sometimes translated as  “computer-assisted”, “computer-aided
drafting” or similar phrase. Related acronyms are CADD, which stands
for “computer-aided design and drafting”, CAID for “computer-aided
industrial design” and CAAD for “computer-aided architectural design”
(Wikipedia 2007). All term are similar but there are differences in term of

usage and applied.
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CAD is a new approach to replace the old style in designing.
Moreover, the CAD is not just for design but there are more functions

included in now days CAD software.

CAD function is to design, develop and optimize product and
extensively used to design the tool and machinery in manufacturing field.
Moreover, it also used to design of all types of building from small
residential types to the largest commercial building and industrial

structure.

CAD is used to detail the physical of component through 3D
design and 2D drawings and CAD also provided the analysis of the
strength and dynamic of the assemblies. CAD approach can save time
and cost to develop a model because it enables the designer to layout and
develop the work on the screen and save them for future editing. CAD are
widely used in the aichitecture, engineering and construction, mechanical
engineering, electronic design automation, electrical engineering,
manufacturing process planning, industrial design, software application,

apparel and textile CAD and garden design.

There are many CAD software products available in the market.
The most provider that produces the CAD software are Autodesk,
Dassault Systemes, PTC and UGS corporation. The CAD software can
classified into three types, the 2D drafting system, mid-range solid
features modelers and high-end 3D hybrid systems. The 2D drafting
system software example AutoCAD and Microstation, while mid-range
3D modelers software example Inventory, Topsolid, SolidWork,
SolidEdge, Alibre Design and VariCAD. The high-end 3D system
example Pro/ENGINEER, CCATIA, NX (Unigraphic). However these
classification cannot be applied to strictly as many 2D system and have

3D modules, the mid-range system are increasing their surface
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functionality and the high-end system have developed their user interface

in the direction of interactive Windows systems (Wikipedia 2007)

CAE

CAE used by the engineer to supporting the task such as analysis,
simulation, design, manufacture, planning, diagnosis and repair. The
software that supports these modes is considered as the CAE tool. In
regards to information network, CAE systems individually considered a
single node on a total information network and each node may interact
with other nodes on the network (Wikipedia 2006). The term CAE was
Coined by Dr. Jason Lemon, founder of SDRC in late 70’s. This term is
use to describe the use of computer technology in the in the past. This
definition is however better known today by the term CAx and PLM
(Wikipedia 2006)

CAE areas covered include the stress analysis on components and
assemblies using FEA (finite element analysis), thermal and fluid
analysis, kinematics, mechanical events simulation for operation such as
casting, molding and die press forming and optimizing of the product or
process. There are three phases in any CAE task, the pre-processing
where the model and environmental factors to be applied to it is define,

analysis solver and the post-processing of result.

The CAE software available such as LSTC’s LSDYNA and ESI’s
PAMCRASH is used for automotive crashworthiness and occupant safety
and the other tool like MSC’s Patran and ADAMS software and UGS’s
Scenario and Nastran packages are used in a variety of structural and

analysis tasks.
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Introduction to SolidWork

SolidWork is a 3D computer-aided design (CAD) program that
runs on Microsoft Windows platforms, developed by SolidWorks
Corporation, a subsidiary of Dassault Systemes, S. A (Wikipedia 2007).
To complete with other product such as Pro/ENGINEER and SDRC I-
DEAS this software is introduced in 1993.

This software approach is to modeling and assembling the parts.
The creation of a solid or surface in 3D modeling environment is
typically begins with the definition of topology in either a 2D or 3D
sketch. The topologies define the connectivity and certain geometric
relationships between vertices and curve both in the sketch and external
to the sketch (Wikipedia 2007). The dimension is added to this topology
to determine the length and sizes for the curve and locations for the
vertices in conjunction with topological constraints. The dimension added
are termed “parameter” because they can be charged either independently
or by “parameter” created prior to their creation. Moreover, SolidWork
also provided a feature-based system to create volume or modifications.
This feature can rolled back the system to the previous states in case
something must be charged or multiple configurations of the same part.
The component is defining the relative positions of the components to

each other.

SolidWorks CAD software is available in four editions,
SolidWorks, SolidWorks Student Design Kit, SolidWork Office,
SolidWorks Office Professional and SolidWork Office Premium. All four
editions is difference in term of features included, add-in program and
limited define element analysis program called Cosmos Xpress and

mould filling program called MoldflowXpress.
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Parts Assembly

Drawing

Figure 2.7: Design methodologies in SolidWorks (Wikipedia 2007)

2.4 Introduction to CosmosWork 2008

2.4.1 Element type and geometries

CosmosWorks currently includes solid continuum elements and
curved surface shell elements (thin and thick). The shells are triangular
with three vertex nodes or three vertex and three mid-edge nodes. The
sesolids are tetrahedra with four vertex nodes or four vertex and six mid-
edge nodes. They use linear and quadratic interpolation for the solution
based on whether they have two or three nodes on an edge. The linear
elements are also called simplex elements because their number of

vertices is one more than the dimension of the space.

X

Figure 2.8: Shell element
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The solid elements have three translational degrees of freedom
(dof) as nodal unknowns, for a total of 12 or 30. The shell elements have
three translational degrees of freedom as well as three rotational degrees
of freedom, for a total of 18 or 36. The CosmosWorks symbol for
translational and rotational dof are shown in green in Figure 2.9, along
with the corresponding force and couple vectors in pink. Since finite
element solutions are based on work-energy relations, the word
corresponding means that their dot product represents mechanical work
done at the point. The difference in dof types means that moments or
couples can only be applied directly to shell models. Solid elements
require that couples be indirectly applied by specifying a pair of
equivalent pressure distributions, or an equivalent pair of equal and

opposite forces at two nodes on the body.

A

Displacement  Force Rotation Couple

Figure 2.9: Nodal symbols

When a model can involve either translations or rotations as dof
they are often referred to as generalized displacements. The
CosmosWorks nodal symbols for unknown generalized displacement
dof’s for the solid nodes (top) and shell nodes are seen in Figure 2.10.
You almost always must supply enough restraints to prevent any model
from undergo a rigid body translation or rigid body rotation. For
simplicity many finite element examples incorrectly apply complete
restraints at a face, edge or node. That is, they enforce an Immovable
condition for solids or a Fixed condition for shells. Actually determining
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the type of restraint, as well as where the part is restrained is often the

most difficult part of an analysis.

3D symbol

y

7
>

rotations)

3D symbol (the arrows are for
translations and the discs are for

®

Figure 2.10: 3D sysmbol

2.4.2 Symmetry dof on a flat plane

A plane of symmetry is flat and has mirror image geometry,

material properties, loading, and restraints. You need to understand the

symmetry restraints that are applied on such planes for solids and for

shells. Figure 2.11 shows that for both solids and shells the displacement

perpendicular to the symmetry plane is zero, while for shells have the

additional condition that the in-plane component of its rotation vector is

zero. Of course, the symmetry plane conditions can be stated in a

different way. For a solid element translational displacements parallel to

the symmetry plane are allowed. For a shell element rotation is allowed

about an axis perpendicular to the symmetry plane and its translational

displacements parallel to the symmetry plane are also allowed.

Value

1 translation

1 translation and 2 rotations

3D symbol

solid mesh shell mesh

0 ags

Selectable entities

Flattaces only

Figure 2.11: Both solids and shells the displacement perpendicular to the

symmetry plane is zero
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Table 2.1: Restrains of solid stress analysis

Restrain types Solid Element Definition
] All three translations are zero on face,
Fixed or Immovable
edge, or vertex.
) On a cylindrical face, only the
Hinge . L .
circumferential displacement is allowed
The cylindrical coordinate displacements
On cylindrical face normal to and/or on the cylindrical surface
are given
Displacements normal to and/or tangent to
On flat face _
a flat face are given
The spherical coordinate displacements
On Spherical face normal to and/or on the spherical surface
are given,
Roller/Sliding or Two displacements tangent to a flat face
Symmetry are allowed.
A face, edge, or vertex can translate a
Use reference geometry specified amount relative to a reference
plane and axis
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Table 2.2: Restrain for mid-surface shell analysis

Restrain type

Mid-surface Shell Definition

All translations and rotations are zero on

Fixed
an edge, or vertex
) On a cylindrical face, only the
Hinge . L .
circumferential displacement is allowed.
All three translations are zero on a face,
Immovable

edge or vertex

On cylindrical face

The cylindrical coordinate displacements
and rotations normal to and/or on the

cylindrical surface are given

On flat face

Displacements and rotations normal to
and/or tangent to the flat face are
specified.

On Spherical face

The spherical coordinate displacements
and rotations normal to and/or on the

spherical surface are given

Roller/Sliding Symmetry

Two displacements tangent to a flat face
and the rotation normal to the flat face are

allowed.

Use reference geometry

A face, edge, or vertex can translate and or
rotate a specified amount relative to a

reference plane and axis




21

Table 2.3: Restraints for picked-surface shell analysis

Restrain type

Picked-surface Shell Definition

Translations and rotations are zero on

Fixed
surface edge or vertex.
) On a cylindrical face, only the
Hinge . o .
circumferential displacement is allowed.
All three translations are zero on surface,
Immovable

its edge, or vertex

On cylindrical face

All three translations are zero on surface,

its edge, or vertex

On flat face

Displacements and rotations normal to

and/or tangent to the flat face are given.

On Spherical face

The spherical coordinate displacements
and rotations normal to and/or on the

spherical surface are given

Roller/Sliding Symmetry

Two displacements tangent to a flat face
and the rotation normal to the flat face are

allowed.

Use reference geometry

A face, edge, or vertex can translate and or
rotate a specified amount relative to a

reference plane and axis
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Table 2.4: Load conditions for solid stress analysis

Load Type Solid Element Definition
The total force on a face, edge, or vertex is
Apply force given relative to a single edge or axis

direction.

Apply normal force

The total force normal to a face, at its
centroid, is specified and converted to an

equivalent pressure.

Apply torque

The total torque on a face is specified with
respect to an axis and converted to an

equivalent pressure

Bearing Load

On a cylindrical surface give the total
force in a Cartesian X or Y direction to

convert to a sine distribution pressure

The angular acceleration and angular

Centrifugal velocity are given about an axis, edge, or
cylindrical surface
Connectors See CosmosWorks help files
The gravitation acceleration value is given
Gravity and oriented by an axis, edge, or a
direction in or normal to a selected plane
Remote load See CosmosWorks help files
Not recommended. Transfer from thermal
Temperature

analysis
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Table 2.5: Load conditions for mid-surface shell analysis

Load Type Mid-surface Shell Definition
The total force on a mesh face is specified.
Or, given on a side face or edge to define
Apply force

the mid-surface edge or vertex value,

respectively.

Apply normal force

The total force normal to a face, at its
centroid, is specified and converted to an

equivalent pressure.

Apply moment

The total moment on a mesh face is
specified. Or, given on a side face or edge
to define the mid-surface edge or vertex

value, respectively.

Apply torque

The total torque on a face is specified with
respect to an axis and converted to an

equivalent pressure

Bearing Load

On a cylindrical surface give the total
force in a Cartesian X or Y direction to

convert to a sine distribution pressure

The angular acceleration and angular

Centrifugal velocity are given about an axis, edge, or
cylindrical surface
Connectors See CosmosWorks help files
The gravitation acceleration value is given
Gravity and oriented by an axis, edge, or a
direction in or normal to a selected plane
Remote load See CosmosWorks help files
Not recommended. Transfer from thermal
Temperature

analysis
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Table 2.6: Load conditions for picked-surface shell analysis

Load Type Picked-surface Shell Definition
The total force on a mesh face is specified.
Apply force Or, given on the picked surface edge or

vertex value

Apply normal force

The total centrodial force normal to a
picked surface face is specified and

converted to an equivalent pressure.

Apply moment

The total moment on a mesh face is
specified. Or, given on the picked surface

edge or vertex value

Apply torque

The total torque on a picked surface face
is specified with respect to an axis and

converted to an equivalent pressure

Bearing Load

On a picked cylindrical surface give the
total force in a Cartesian X or Y direction

for a sine distribution pressure.

The angular acceleration and angular

Centrifugal velocity are given about an axis, edge, or
cylindrical surface.
Connectors See CosmosWorks help files
The gravitation acceleration value is given
Gravity and oriented by an axis, edge, or a
direction in or normal to a selected plane.
Remote load See CosmosWorks help files
Temperature Not recommended. Transfer from thermal

analysis




CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter will further describe the study framework for the simulation test of
automotive constant velocity joint (CVJ) functionality using computer aided
engineering software. This chapter will be most crucial part in completing this study
course. Study flow will going to be smooth by following the right pace of progress.
So, a good method of investigation is required in fulfilling the study objective thus,
achieving triumphant. Not only the valuable information will help the student to
complete their course also, maybe will help researcher out there in finding the

answer to the problems of ours daily life.

3.2 Flow Chart of Methodology

Flowchart shown the flow work has done in this research of the simulation test of
CVJ. In this chapter, the research of CVJ’s is very important to get enough
knowledge and information about the topic and case study. Firstly make a research
on CVJ by literature review. All the information that related with CVJ was collected
either from internet, journals and books. After that find out the value that are use for

the experiment data from the previous researcher.
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Study more detail about the type of the CVJ that can use as a model for the
simulation. Beside that the, the load, rotation speed, torque and angle also will be
study for this simulation. The load, rotation speed, torque and angle will be applied
during the test to see the impact when the simulations begin and the result that will
be generate from the test. Lastly, from the simulation result the comparison between
experimental and the simulation can be obtain. If don’t have any obstacle, start with

thesis writing at the end of this report.
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Below is the flow chart showing a step by step of executing the investigation
and detail more on will be explained later:

Start

\4

Introduction

!

Literature Review
> Methodology
Expected result

!

No

No No

Result /
Discussion

l Yes

Conclusion

Figure 3.1: Methodology flow chart
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3.3 Literature Review

In the literature review, all of the information needed is retrieved as to
increase more knowledge in comprehending the subject matter that is mostly on the
type of constant velocity joint (CVJ), the test and the method that has apply by the
previous researcher. For an example before apply the load, angle and the rotation in
the software that are using, the CVJ must be design in the SolidWork using the
reverse engineering method. So an abundant resource of input has to be digested with
enthusiasm. Reading books, browsing the internet, having discussion with supervisor

has helped a lot in collecting the resources.

3.4 ldentify process and main consent

After an ample input on has been retrieved, the processes and the main consents
are identified giving a clearer view on the investigation of simulation test on the
CVJ. With the help from experienced assistant, identifying processes and main

consents seems easier.

3.5 Formulate aims and objective

The simulation tests will use the same material when change the parameter then
formulated in term of aim and objective as to sets the scope of the investigation on
the study. Than find the cause of the failure. Lastly, an exact value can be applied

according to overall result and finding.

3.6 Method of investigation and Solution

After researching was done, one type of CVJ had been choosing to make the

test that is Double Offset Joint. The CVJ that had chosen will be test using the

method to know the failure / wear of the CVJ.
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3.6.1 Drawing using SolidWork

The CVJ that have been choose need to redraw in the SolidWork using the
reverse engineering method. The dimension of the CVJ has been taken using Vernier
caliper. All measurement units are in millimeter (mm). For this CVJ, they all have 8
parts to draw. The parts are:

i. Cover

ii.  Outer ball hub
iii.  Inner ball hub
iv.  Steel ball (6 part)
v.  Shaft (2 part)

| s i g - COSMaGwoE  MGOR s {032 8. s T-- 0%

PCHI e

Figure 3.2: Drawing using SolidWork
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3.6.2 Analysis using CosmosWork

After redraw the CVJ in the SolidWork, the pictures are import in the
CosmosWork to be analyzed. The picture was saving in IGES file in CosmosWork
and open in the same file in CosmosWork r to be analyzed. For the analysis in
CosmosWork some parameters have been measure. The parameters are rotation
speed, torque and angle. This values been taken from the previous researcher. These
value will be use to analyzed the CVJ model in CosmosWork. This simulation test
will give the result for the stress, displacement and strain in the CVVJ when the

parameter applied to the CVJ.

EasalidWorks [ e e i oo comeets e ] 0 - ¥ - bl - e - B s semis 7. - D%

Bl il X

Figure 3.3: Analysis using CosmosWork

3.6.3 Type of analysis

For analyze this CVVJ one method have been choose to get the result when the
case is running. The method that has been chooses is a method that applying rotation
speed, torque and bending angle in the shaft and also in the inner ball hub. After have

applying the parameter in the CVJ, the test will be running to get the result.
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3.6.4 Rotation speed

Rotation speed is used to measure the cycle of the CVJ in one minute or revolution
per minute (rpm). The value range of rotation speed is between 100 to 3000 rpm.
These rotation value speeds have been taken from the previous researcher. For the
simulation test, 1000 rpm, 2000 rpm and 3000 rpm have been used. This value of
rpm has been applied to the CVJ to run the analysis.

3.6.5 Torque

Torque (t) or moment (of force), is a pseudo-vector that measures the
tendency of a force to rotate an object about some axis [15] (center). The magnitude
of a torque is defined as the product of a force and the length of the lever arm [17]
(radius). Just as a force is a push or a pull, a torque can be thought of as a twist. In
the previous research the values that have been used in range 0 to 1000 Nm. For the
simulation test, 100 Nm, 300 Nm, 600 Nm and 1000 Nm have been used. This value

has been applied to the CVJ to run the analysis for every case.

3.6.6 Angle of rotational

Angle of rotational is needed to move the shaft of the CVJ. Angle of rotation in
this simulation test has been set up for 5°, 6° and 7°. From this angle of rotation, the

maximum of the shaft rotation can be estimate during the rotation.
3.7 Running the simulation of the CVJ
After all parameters that should be considers has satisfied, the simulation will be

running in CosmosWork software to get the results. The results are important in

order to make comparison of both bumper beams.


http://en.wikipedia.org/wiki/Moment_(physics)
http://en.wikipedia.org/wiki/Spatial_vector
http://en.wikipedia.org/wiki/Lever_arm
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3.8 Data Collection

The data will be collected while doing the simulation test and graph will be
done after the simulation base on the result from the simulation. After doing the
simulation test, the data and graph that had been collected will be analyzed and
scrutinized. The discussion and comparison will be done based on the result occur.

Table 3.3: Example of data collection table

100 Nm
Speed, RPM Angle (Degree) Von I\zlas:;)swess
1000 5
2000 6
3000 7
. 300 Nm
Speed, RPM Angle (Degree) Von I\zlas:;)swess
1000 5
2000 6
3000 7
. 600 Nm
Speed, RPM Angle (Degree) Von I\?ISISF?;)Stress
1000 5
2000 6
3000 7
1000 Nm
Speed, RPM Angle (Degree) Von I\?I{;SF?;)SUGSS
1000 5
2000 6
3000 7
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3.9 Result analysis

The collected data will be analyzed since the objective of this thesis is to
proof that the load that had been apply to the CVJ will be effect the nature of the
CVJ or not. This is the most important part in this thesis because it will show if this

thesis success or not.

3.10 Conclusion

The conclusion will be build base on the results of the analysis that was done

in CosmosWork software. The recommendation for this simulation test will be done
to improve the CVJ result.



CHAPTER 4

RESULT AND DISCUSSION

4.1 Result

The result of analysis is carried out for 1000 rpm, 2000 rpm and 3000 rpm
of rotational speed, 100 Nm, 300Nm, 600Nm and 1000Nm of torque and 5°,
6° and 7° degree of angle. The analysis is done using the CosmosWork when

applied all the parameter in the CVJ.
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Result for analysis at 100 Nm ( 1000 rpm, 2000rpm and 3000 rpm
at 5°, 6° and 7° of angle)

a) 5deg

b) 6 deg

Model name; ds

Study name; Study 1

Plot type: Static nodal stress Stress1

Detormation s 53

von Mises (Mm*2)
3.731e+007
3.420e+007

. 3.108e+007

. 2.798e+007

. 2.487e+007

- 2477007

. 1.866e+007

. 1.555e+007

- 1.244e+007

. 9.328e+006

6.219e+006

3.110e+006

2.610e+002

hodel name: d=

Study name: Study 1

Plat type: Static nodal stress Stresst
Defarmation scalcalaldl4177

wan Mises (MAn"2)
3.914e+007
3.568e+007

- 3.262e+007

. 2.935e+007

09e+007

Ze+007

57 e+ 007

. 1 E3e+007
. 1.305e+007
. 9.785e+006
B.523e+006
3.262e+006

2.299e+002
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c) 7deg

Model name: ds

Study name: Study 1

Plot type: Static nodal stress Stresst
sl

von Mises (Nm™2)
4.116e+007

. 3.773e+007
. 3.430e+007

. 3.087e+007

444007
1e+007
"055e+007

. 1.715e+007

. 13T 2e+007

. 1.029e+007

B &6 0e+006
3.430e+006
1 858e+002

Figure 4.1 Location of maximum stress concentration on red color on inner ball
hub when 100Nm torque apply for 1000 rpm, 2000rpm & 3000 rpm at
5° 6% and 7° of angle applied
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4.1.2 Result for analysis at 300 Nm ( 1000 rpm, 2000rpm and 3000 rpm
at 5°, 6° and 7° of angle)

a) 5deg

Model name; ds

Study name; Study 1

Plot type: Static nodal stress Stress1
Detormation s 144

von Mises (Mm*2)
9.752e+007
5.940e+007

. 8127007

. T.314e+007

. B.502e+007

. 5.689e+007

. 4.576e+007
. 4.084e+007
. 3.251e+007
. 2.438e+007
1.625e+007
8.127e+006

2.593e+002

b) 6 deg

hodel name: d=
Study name: Study 1
Plat type: Static nodal stress Stresst

won Mises (Mm"2)
9.665e+007
5.042e+007

- 8.220e+007

. 7.388e+007

7Ee+007

de+007

"932e+007

- 4.1 0e+007

. 3.288e+007

. 2.4B6e+007

1 B44e+007

8.221e+006

2.284e+002
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c) 7deg

Maodel name: ds

Study name: Stucy 1

Plat type: Static nodal stress Stresst
Defarmation scalcaellll 1 5559

von Mises (NAn"2)
9.999e+007

l 5.166e+007
. 8.333e+007

. 7.499e+007

G6e+007
3e+007
Pu00e+007

. 4.166e+007

. 3.333e+007

. 2.500e+007

1 BETe+007
8.333e+006
2.6874e+002

Figure 4.2 Location of maximum stress concentration on red color on inner ball
hub when 300Nm torque apply for 1000 rpm, 2000rpm & 3000 rpm at
5°, 6° and 7° of angle applied
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b)

39

Result for analysis at 600 Nm ( 1000 rpm, 2000rpm and 3000 rpm
at 5°, 6° and 7° of angle)

5 deg

6 deg

Model name; ds

Study name; Study 1

Plot type: Static nodal stress Stress1

Detormation scg 126

von Mises (Mm*2)
1.919e+005
1.739e+008

. 1.5959e+003

. 1.43%9e+008

. 1.278e+003

- 1.119e+008

. 9.596e+007

. 7.986e+007

. B.397e+007

. 4.788e+007

3.199e+007

1.599e+007

2.550e+002

hodel name: d=

Study name: Study 1

Plat type: Static nodal stress Stresst
Defarmation scalcelalll4169

wan Mises (MAn"2)
1.920e+008

1. 7TEDe+005

- 1.600e+008

- 1.440e+003

G0e+008

Oe+003

"598e+007

. 7.989e+007

. B.399e+007

- 4.799e+007

3.199e+007

1 B00e+007

2.284e+002
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c) 7deg

Maodel name: ds

Study name: Stucy 1

Plat type: Static nodal stress Stresst
Defarmation scalcaell1 25619

von Mises (NAn"2)
1.921e+008

l 1.761e+005
- 1.601e+008

- 14414003

51e+008
1e+008
"EOGe+007

. 8.005e+007

. B.404e+007

. 4.803e+007

3.202e+007
1 601e+007
2.851e+002

Figure 4.3 Location of maximum stress concentration on red color on inner ball
hub when 600Nm torque apply for 1000 rpm, 2000rpm & 3000 rpm at
5°, 6° and 7° of angle applied
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4.1.4 Result for analysis at 1000 Nm ( 1000 rpm, 2000rpm and 3000

rpm at 5%, 6° and 7° of angle)

a) 5deg

Madel name: ds
Study name: Stucy 1
Plot type: Static nodal stress Stresst
Deformation scalcakl

3131

von Mises (MNm™2)
3.199e+008

l 2.932e+008
. 2 BBRe+005

. 2.399e+008

33e+008

Ee+003

B00e+005
. 1.333e+008
. 1.066e+008
. 7.998e+007
5.332e+007
2 BEGe+007

2.561e+002

b) 6 deg

hodel name: d=

Study name: Study 1

Plat type: Static nodal stress Stresst
Defarmation scalcalsill4165

wan Mises (MAn"2)
3.200e+008

2 933e+005

. 2.BBBe+005

. 2.400e+003

33e+008

Ee+003

"B00e+003

. 1.333e+008
. 1.067e+008
. 7.999e+007
5.333e+007
2 BBBe+007

2.277e+002
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c) 7deg

Maodel name: ds

Study name: Stucy 1

Plat type: Static nodal stress Stresst
Defarmation scalcleelly 77614

von Mises (NAn"2)
3.202e+008

l 2.835e+005
. 2.B68e+008

. 2.401e+008

Jde+008
Ge+003
"B e+008

. 1.334e+008

. 1.067e+008

. B.004e+007

5.336e+007
2 BESe+007
2 465e+002

Figure 4.4 Location of maximum stress concentration on red color on inner ball
hub when 1000Nm torque apply for 1000 rpm, 2000rpm & 3000 rpm
at 5°, 6° and 7° of angle applied
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4.2 Discussion

The results that obtain from the CosmosWork show the different for
every case that have been applied. Every case has been different value of
torque, rotational speed and angle off rotation. For this test, it has 4 cases
that have been analyze. For case 1, the torque that has apply is 100 Nm, case
2 is 300Nm, case 3 is 600 Nm and case 4 is 1000Nm. For the rotational
speed and angle of rotation is same for every case that is 1000 rpm, 2000

rpm and 3000rpm for rotational speed and for angle rotation is 5°, 6° and 7°.

From the result obtain, the pattern of the result is almost the same.
These situations happen because the test that had been done is static analysis
not dynamic analysis. The result will be same pattern until it reaches the

UTS for that material than it will break/ fail to operation.
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421 Result
Table 4.1: Result for 100 Nm
Von Misses Stress
Speed, RPM Angle (Degree) (MPa)
1000 5 37.121
2000 6 39.138
3000 7 41.161
Table 4.2: Result for 300 Nm
Von Misses Stress
Speed, RPM Angle (Degree) (MPa)
1000 5 97.524
2000 6 98.645
3000 7 99.990
Table 4.3: Result for 600 Nm
Von Misses Stress
Speed, RPM Angle (Degree) (MPa)
1000 5 191.911
2000 6 191.969
3000 7 192.110
Table 4.4: Result for 2000 Nm
\Von Misses Stress
Speed, RPM Angle (Degree) (MPa)
1000 5 319.909
2000 6 319.960
3000 7 320.156




Graph 4.1: Von Mises Stress Vs Torque
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Graph 4.2: Von Mises Stress Vs Rotational Speed
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320.2

320.15 ,

320.1

320.05

320

Von Mises Stress, MPa

319.95

319.9

319.85
1000 2000 3000

Rotational speed, rpm




Graph 4.3: Von Mises Stress Vs Angle
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Graph 4.4: Torque & Rotational Speed
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When the torques increases, the Von Mises stress also increase. This
situation can be seen in the every graph. This is because it is directly

proportional to the stress.

From the graph, the maximum stress occur at every maximum value
of rotational speed which is in this simulation is 3000 rpm, maximum angle
which is 7 degree and the maximum torque which is 1000 Nm which is the
Von Mises stress is 320.165 MPa.

This is because, when the part or component that have rotate or move
at high torque, rotational speed and angle , the component will be wear and

it will reduce the life of that component.

From the simulation test, when the angle of the rotation is increase,
automatically the value of Von Mises stress also will be increase. This is
because, when the angle of the rotation is increase, the stress of component
or part will increase because at the high value of angle, the possibility of the
part to be breaks very higher. As can seen in the graph stress vs angle, the
gradient of line between 6° to 7° is more higher compare to gradient 5° to 6°.
From that it proof that at the higher angle the stress also higher because in

this part the possibility the part to break or wear is very high.

In this simulation test, torque and rotational speed is directly
proportional to each other. This happen because, from the simulation test
that have been done, when the rotational speed is increase, the torque is also
increase because in generally it true that when the torque increase so the
rotational speed also increase and until one stage, this can make the
component failure to make the operation. The component will reach this
stage when it reach the UTS (ultimate tensile stress) of the material that is
when it reach 586 MPa for Cast Stainless Steel and 550 MPa for Steel AlSI
1020.
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The stress is higher at the inner ball hub because the moments are
applied at the shaft, so the maximum stress will occur at the joint that
connect the shaft and the CVJ. In the red area is very high stress occurring
and at this point also will be the high possibility to wear. For every cases
that have been test, the stress occur in the same place that is inner ball hub.
For case 1 that is 100 Nm the maximum Von Mises stress is 41.161 MPa,
for case 2 that is 300 Nm is applied the maximum Von Mises stress is
99.990 MPa. For case 3 and case 4 which the torque is 600 Nm and 1000
Nm, the maximum Von Mises stress is 192.110 MPa and 320.156MPa.

For every cases that had been simulated, the data from the simulation
test have been compare with the actual data that have been taken from the
other researcher and latest discussion with the engineer from the industries.
The data for the maximum Von Mises stress from other researcher and latest
discussion is 307.2 MPa compare with the simulation test is 320.156 MPa.
The different between this data is about 4.2%. This happen because the
different type of material in term of the properties. Besides that, the different
happen because of the software that has been used in simulation test and the
researcher, for this simulation test the software that has been used is

CosmosWork software but the researcher has used ADAMS software.

For the rotation angle, the different is about 30%. From the other
researcher and the latest discussion with the engineer, the rotation angle that
the component can reach is 10° but during the simulation test, the maximum

rotation angle that the component can be reach is only 7°.



4.2.2

o1

Problem occur during the simulation test

e During the simulation test there have been many problem occur. There are

included the design using the SolidWork, the analysis of the component and

other.

e Using the SolidWork

(0]

During the design of the CVJ there have a lot problem occur. Example
of the problem is the complexity of the CVJ that need to design.
These need the skill to design the CVJ using the SolidWork.

Beside that the problem also occurs during the mate section. Mate is
use to combine the part or component that have been draw/design to
get the actual shape of the part. Mate is very important because the

part will be analyzed after it had been mate with each other.

e Using FEA software

(0}

After design stage is finish, the model will be import from SolidWork
to CosmosWork. Firstly the design will be save in IGES file than open
in CosmosWork using the same type of file.

It is recommended to use ALGOR software in order to get the best

result.

A few problems encountered during software application as meshing
problem and geometry error.

The problem is the design cannot be mesh because the part or the
component in the CVJ is to complex wish every part needs the
different value number of mesh. But the ALGOR only can give one

value during mesh for the whole component.

After further discussion, it is recommended to use CosmosWork as

working software.
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o CosmosWork is other one of FAE software that commonly used to
analyze the stress, strain and displacement when the load, torque,

moment and etc are apply to the component.
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51 Conclusion

As a conclusion, for the determination of stress concentration, the analysis is
done by using CosmosWork software. Static mode is used to approximate locate the

maximum stress concentration.

The analysis is carried out in 4 cases where the parameters for each case are
different. This analysis is done in 100 Nm, 300 Nm, 600 Nm and 1000 Nm for
torque. For rotational speed, 1000 rpm, 2000 rpm and 3000 rpm have been applied.
5°, 6° and 7° for angle of rotational that had been applied in CVJ.

Based on the simulation test that have been done in the CVJ, the stress will
be occur in the inner ball hub when the moment, rotational speed and angle of
rotational are apply in the shaft that connect the ball hub. The stress is maximum at
moment 1000 Nm, rotational speed 3000rpm and rotational angle 7° that is 320.156
MPa.
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The result that have obtain from the simulation test is valid compare to the
previous researcher that is the maximum value for the stress is 320.156 MPa
compare to previous researcher is 307.2 MPa and the different between this two
value is 4.2 %. The different occur because many factor. The main factor why this
situation happen because the different value of the material properties that can be a
little different when the result obtain. Beside that the different also happen because
the load that have been applied in the CVJ not at the accurate place that the previous
researcher put
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5.2 Recommendations

There are several steps and procedures that could have been taken to improve
the result thus, obtaining more accurate and reliable data before the experiment

execution. The following steps and procedures are recommended:

1. Use the different software that can be analyzing the stress like ALGOR,
ADAMS and other to get the accurate value of stress during the
experimental.

2. Beside that to get the actual result of the stress in CVJ, the actual
experiment of CVJ needs to be done. Then compare the result from the
actual data and the simulation.

3. Make the simulation test using the dynamic test to get the actual and

accurate data from the simulation test.
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Material Properties
AISI 1020 Yield Strength (YS)
550 MPa

Ultimate Tensile Strength (UTS)
630 MPa

Cast Stainless Steel

Yield Strength (YS)

241 MPa

Ultimate Tensile Strength (UTS)
586 MPa
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Appendix B
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Figure A — 1: Rzeppa Joint
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