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ABSTRACT

A Nissan pickup car shown in Fig.1 is widely used car in Irag. In spite of its being
sturdy, this car has a problem regarding to failure of their suspending ball joints. Nowadays ,
it is seen the ball joint of this car fails suddenly without any sign of consumption and this
case is a dangerous as well as disturbing factor for traffic and driver. So there should be
something else supports car when the ball-joint fails. This research has a modification of this
ball joint for this purpose. The modification has depended on the results obtained from the
numerical analysis of the loaded ball-joint in two situations (forms), the first situation (form)
when its angle is negligible and second situation (form) when this angle is considerable.
Measurements of parts of ball joint of Nissan pickup car have been made and these parts
have been drawn in two forms (situations) by using CATIA software. Also, Measurements of
parts’ lengths of suspension system of Nissan pickup car has been made and an approach
model of its suspension system has been created by using MSC ADAMS software to view
the angle of ball-joint with Max.travel of suspension system., all drawn forms have been
imported to ANSYS WORKBENCH software where a three- dimensional model was created
and maximum load is applied to ball-joint Then, solution had been done and the results were
obtained. Then, a modification is created and drawn by CATIA software, after that it is
imported to ANSYS WORKBENCH software to check it ability for supporting the results.
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1-INTRODUCTION:-

Ball joints are used on the front end of almost every car, truc and minivan. Ball joint is
an important part of car’'s suspension system. Ball joints act as the pivot point between two
parts: the suspension and car’s tires. Ball joints help support car’s weight and, as is the case
with some vehicles, ball joints may be used to help set the alignment. The ball joint is one
moveable part of a control arm assembly. It is steel bearing stud and socket enclosed in a steel
casing. The socket enclosed in steel casing is connected to the control arm. The bearing stud is
tapered and threaded so that it fits into a tapered hole in the steering knuckle and the latter
connects the tire [Matt Keegan, 2006]. Ball joint of any car eventually wears and becomes
loose so it needs to be replaced because the failure of worn ball joint of car such as shown in
Fig.2 is dangerous as well as disturbing factor for driver and traffic. General signs of
consumption or loose of ball joint are usually misalignment , uneven tire wear, sometimes a
steering pull to one side , and/or suspension noise such as clicking or snapping sound when the
wheel is turned[Auto Repair Tips & Advice,2011]. Nissan Pickup car has conventiona
suspending system type which uses an upper and lower ball joint such as shown in Fig.3. One
type of ball joints used in this car is atension-loaded lower type which has the most inclination
to be worn as a compare with other types [Andrew Markel, 2007]. Nowadays, it is sometimes
seen the ball joint of this car suddenly fails without any sign of consumption which was
mentioned above.

2-BALL JOINT WORK AND STRUCTURE:-

Ball-joint operates something like the ball-and—socket joint in human hip. It has a
round-head part that swivels in a cuplike cavity [Matt Keegan, 2006]. A lower ball joint used
in Nissan Pick-Up car is a loaded joint designed to support the weight of the vehicle and to
resist impacts. While the upper ball joint is a follower joint that positions the control arm or
strut assembly and helps set the alignment. A lower ball joint subjects to a more wear and tear
than an upper ball joint because it has more loads, so in adaily life, it is noted that the lower
ball joint is always failed and the knuckle(on which the tire is bonded) is connected alone by
the upper ball joint. Consequently, the lower ball joint will only be considered in this work. A
lower ball joint in Nissan Pick Up car is described as tension-loaded ball joints where the force
of the load tends to pull the ball out of the socket [Bureau of Automotive Repair, 2010]. Fig.4A
shows the outside apparent of this ball-joint, Fig.4B shows the structure as well as cross section
of thisjoint and the Fig.4C shows the parts of the ball joint individually.

The parts of ball-joint are divided into two groups depending on their functions:- the
main parts group and the auxiliary parts group. Main parts are stud and socket. Auxiliary parts
are the rest. The main parts are the most important because they support as well as resist the
loads so they are always failing while the auxiliary parts(spring, washer, cover) are working
together in keeping the lower part of stud in contact always with the socket[Automotive
Diagnostic & Repair Help ,2011]. Therefore, the main parts will be only taken in consideration
in thisresearch.

Note:- Ball joint subjects to a lot of wear and tear, so to properly protect them ,ball joint is
housed in an enclosed boot called dust cover to keep dirt away from the joint assembly[Journal
of Vehicle and Engine Technology,2010].
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3-MODEL DESCRIPTION:-

The measurements of main parts of ball joint have been made in order to create a three
dimensional geometry by CATIA software. Then, the model (geometry) has been imported to
ANSY S workbench software. Before going on with description the model, there is a need to
know two terms:-

e Travel: - Trave is the measure of distance from the bottom of the suspension stroke

(such as when the vehicle is on a jack and the wheel hangs freely) to the top of the
suspension stroke (such as when the vehicle's wheel can no longer travel in an upward
direction toward the vehicle) [ Wikipedia, 2012].

e Angle of ball joint:- is defined as the angle between the longitudinal axis of the stud
and the longitudinal axis of socket[B. Longhurst, 2010].

The angle of ball joint changes with the travel. When the car hits a bump ,the travel will
proportionally increase with the amount of impact[S. A. Kesulai,2009]. So, this angle must be
taken in consideration during the analysis of stresses. Consequently, the stud and socket of ball
joint have been drawn by CATIA software with consideration of this angle. So, The main parts
of ball-joint must be drawn in two situations (forms):-

1. In the first form, the main parts of ball-joint are drawn normally by CATIA software
regardless of joint’s angle, then the model (geometry) has been imported to ANSYS

workbench software

2. In the second form, the main parts of ball-joint are drawn by CATIA software under
consideration to joint’s angle, then the model (geometry) has been imported to ANSYS
workbench software.

To view the change in this angle with the change in travel, another software called MSC
ADAMS software has been used where an approached model of the suspension system of this
car was created after measuring the lengths of suspension system’s parts. The magnitude of
joint’s angle (when the car is loaded statically by its weight, freight’s weight and weights of
persons riding the car) has been measured. Fig.5 shows the suspension system of this car when
it is loaded statically. The angle of ball joint is zero when the car is staticaly loaded and the
position of suspension system under the effect of static load is called stable position [J.
GARDULSKI, 2007]. The suspension’s stable position is taken as a reference and the
measurement of the suspension’s distance will be from the stable position to the top of the
suspension stroke i.e. the whole travel will not be taken in consideration because the maximum
loads on the suspension system’s parts including ball joint is at the stable position and at the
top of the suspension stroke [J. GARDULSKI, 2007]. It is noted that when the suspension
system is at the top of the suspension stroke, the travel has a maximum value (Maximum
travel is),

Geometry:-

A red bal joint with some fiatplhs has been used as test case. The
simplifications introduced are aimed at keeping the model “simple” without affecting the
significance of the obtained results. To avoid unnecessary complexity of the model (i.e. to keep
the number of degrees of freedom of the mesh as small as possible), most of the outside and
inside geometric features of the stud and socket have been removed such as the threads and the
entire of margins. Also , the auxiliary parts of the ball joint (spring, washer, cover) have been
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ignored because they don’t play an important role of supporting the loads [Automotive
Diagnostic & Repair Help, 2011]. The stud and socket are only the parts which have been
considered. Fig.6 shows the ball joint with its two parts in CATIA Window after
simplification.

In the second situation (form), where MSC ADAM software has been used, an
approached model of the suspension system of this car was created, Fig.7 shows this model in
MSC ADAMS window. A marker which is belong to lower control arm has been created in
knuckle part of this model, the measurement of angle of ball joint with the distance from the
stable position was done, the maximum angle is about 11.5° for upward maximum distance of
the suspending system from its stable position as shown in Fig.8.

Materials:-

In rea lower tension load ball joints, each component has its $peanaterial (high -
performance steels) and its spéai heat treatment  [Roadsafe, 2009], generally, induction
hardening for Socket and Case hardening for stud is used. But iln this model, a unique uniform
isotropic material (a “generic steel”) has been used for al joint components, without taking
into account any hardening-induced pre-stress. Table (1) below [American standard,2008]
shows the specification of the metal used in the model:-

Meshing Generation:-

The mesh must be homogenous. The elements must have equal sizes asfar as possible
and their numbers must be enough to get accurate results. Also the elements must be dense at a
sensitive region such as the contacts, margins...etc. So, different options for meshing process
have been used in each part of the joint to get the desired accuracy [Moaveni, 2006]. The mesh
of each part of the ball-joint is shown in the Fig. 9

Constraints and Loads :-

Each tire of this vehicle has a share of the car’s weight, freight’s weight and weights of
five persons riding the car. The centroid of this car under its full static load is located at the a
point of intersection of its diagona axes [Nissan Pick Up Guide, 2003], consequently, each tire
has a share of quarter of that full static load, If the car has aweight of 1 ton and the weight of
its freight is 1 ton too [Nissan Pick Up Guide, 2003] as well as each passenger is assumed to
weight of 100 kg [Kur,2005] , the total static load will be 2500 kg .So each tire will have a
share of 625 kg. According to reference [Gorsich,2009], when the a car has an impact within
the motion, ball joint subjects to longitudinal load equals nearly to double of its tire share
static load aswell as horizontal load equals to that longitudinal one but it directs a horizontally
along the length of car. A load of (2*625*9.81) N is applied upward to stud at the thread place
in its longitudinal direction while other load of(2*625*9.81)N is applied horizontaly at a
place where it is in contact with knuckle, also a general joint is added to this region to keep
only linear motion. A fixed boundary condition is applied to the socket at a place where it's
bonded to the lower control arm as shown in Fig.10. Also, Contact Pairs have been created
between the lower part of stud (master) and inner surface of the socket (slave) [Y oshimoto,
2006]. It is known that ball joint is packed with grease, so an equivaent coefficient of friction
of 0.01 has been used in this model [Erich Aucktor, 2006]. The fatigue stress and its safety
factor have been created in these two forms of numerical analysis, the load on ball-joint is
fluctuating between its maximum (where the ball-joint faces an impact) and the static load
which only includes the weights of car, freight and persons.
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4-RESULTS AND DISCUSSION OF THE TWO SITUATIONS:-

Numerical analyses of the ball joint had been made in two forms:-
1- A normal ball joint without consideration to ball-joint’s angle
2- A ball-joint with consideration to its angle (at the top of the suspension stroke).

There is noticeable difference in results in contact pressure (bearing stress) between the first
form and the second form of the situation of ball-joint. The contact pressure shown in Fig.12b
in the second case (where suspension is at the top of the suspension stroke) is higher than that
in the first case (Fig.11b). Consequently, more wear and consumption will occur in the ball
joint when the car has an impact and suspension system is at the top of the suspension stroke.
But the case is opposite with Von Mises stresses, their values in the second situation, Fig. 12a,
are a little lowerthan those in the first situation Fig. 11a and they concentrate at the upper
region of the socket. In analysis of the fatigue, the results show that the fatigue's life and the
minimum fatigue's safety factor of the second form{Fig. 12c & Fig. 12d} (where maximum
travel is) are higher than those of the first form{Fig.11c & Fig.11d }. Also, their values are
concentrated at the upper region of the socket. It is noted that maximum contact pressure
occurs at the place of the contact and maximum fatigue stresses occur at the socket part of the
ball joint.

The speech above supports what is being seen on the daily life that this ball-joint will
have more wear and consumption when the suspension system has maximum travel, so general
signs of consumption or loose of ball joint (such as misalignment, uneven tire wear) can be
clearly noted after time of usage. But, in the case of fatigue and Von Mises stress, their highest
magnitudes are when the suspension system is just to be moved upward (the travel is still
zero).Consequently, if the ball-joint has not been manufactured well, the ball-joint suddenly
falls as a result of fatigue. The failure resulting from fatigue will be more earlier than wear
causing by high contact pressure so, bal joint fails without any sign of consumption.
Nowadays, The spare parts (including ball-joints) are not genuine in Iragi markets i.e are not
manufacturing well, therefore a sudden failure resulting from fatigue is occurring.

First form:-

The modification:-

The whole purpose of this modification is for safety not for usage. Depending on the
results obtained from the numerical analysis above, the modification includes a ssmple small
secondary semi ball-socket assembly added to the ball joint at the bottom because the upper
part subjects to maximum fatigue. So, the stud is modified, as well as a simple change
(modification) has been made to the socket part of ball-joint in order to fit the new added
parts, Fig.13 shows the modified parts. This assembly supports car when the ball-joint fails so,
they are not for permanent usage but merely for temporary usage i.e they are impossible to be
operated as a ball joint. The modification has been made in such a form that all effects,
including movement of suspension system (travel) and the change in ball joints’ angle, have
been considered as shown in Fig.14a, moreover been taken into account the easiest and
simplest way in the manufacture and assembly of the new parts of ball-joint. Fig.13 shows the
new parts of ball-joint.
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Note:- The thin-ring is new part and it does not exist among the modified parts in Fig.13
because thin-ring has a simple geometry and it is clearly shown in Fig.14b. the function of thin
ring isto support and fix the safety socket.

It is clearly seen that in Fig.14a, the stud doesn't touch any other part of the modified
ball-joint when its angle pass the Max. Limit (11.5°). In the Fig.14b above, the safety socket is
first interred to the stud through its groove and the stud with the safety socket will be inserted
together to the main socket, then the thin-ring follows to be inserted to the main socket too.
The main socket is modified that it has certain several internal diameters in order to fit al the
inserted parts.

Mesh Generation , Constraints and Loads:-

They follow the same steps and notes as for unmodified one, except several contact pairs
has been created:-
1. Between the safety ring(safety socket) (slave) and the safety ball Fig.13c (master),

thistype of pair isfrictional with same specifications as unmodified one.

2. Between the safety ring(safety socket) (master) and the modified socket, this type of
pair is bonded type because it isinserted strongly[ANSY S WORKBENCH 11 help].

3. Between the safety ball (master) and the modified socket, this type of pair is bonded
type because it isinserted strongly tool ANSY S WORKBENCH 11 help].

4. Between the thin-ring (dave) and the safety ball Fig.13c (master), this type of pair is
frictional with same specifications as unmodified one.

Note:- when sudden failure occurs, secondary or safety ball will hit the safety socket. This hit
has been taken in to consideration within the numerical analysis.

5-RESULTS, DISCUSSION AND CONCLUSION:-

In Fig.16, The results show that the lower region of the stud ( between the main ball and
the safety ball) has the maximum fatigue stresses and this stresses are higher than those for the
ball-joint before failure. For fatigue's safety factor and life , the results indicate that the new
loaded parts are not for permanent usage but merely for temporary usage.

In the case of sudden failure, the lower part of stud (secondary or safety ball) will hit and
be in contact with the safety socket after failure. So, the stud will move up from its position
causing a loose in baance in suspension system. This loose in balance will cause
misalignment, steering pull to side on which the failing ball-joint is and difficulty to rotate the
steering tool of car. These signs as well as other signs of ball-joint’s failure will be a very
noticeable indicator for a driver. Therefore when a driver notes these signs within driving, he
must lower car’s speed and go as soon as possible to nearest service center to replace the ball-
joint.

Note:- the auxiliary parts of the modified ball joint is modified too. But they are outside of
the size of this paper. Their modifications are too simple to be mentioned.
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Table (1) Material’s properties of the Model

Young's Modulus 2.e+011 Pa
Poisson’s Ratio 0.3

Density 7850. kg/m?3
Thermal Expansion 1.2e-005 1/°C

Tensile Yield Strength 2.5e+008 Pa
Compressive Yield Strength 2.5e+008 Pa
Tensile Ultimate Strength 4.6e+008 Pa
Compressive Ultimate Strength 0. Pa

Fig.2 Ball-joint’s failure
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Fig.7 Model of the Suspension System in MSC ADAMS

15.0 i adenl
10.0| |~ Curren
W
E |
[i} iy
c T | 1
L= 4
[= ]
d;.._g 0.4 D:E

L |

o4 n4

(i1}

x0.24=distance from stable position{M)

Fig.8 Ball-joint’s angle with Distance from Stable Position

10



Ahmed H Yahia The Iraqgi Journal For Mechanical And Material Engineering, Vol.14, Nol, 2014

Socket Stud

Fig.9 Meshed Model
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Fig.13a Safety socket Fig.13b modified socket Fig.13c Modified stud

Fig.13 Modified parts of Ball-joint

Fig.14a Cross-section of the modified ball-joint Fig.14b How to assemble the modified ball-joint
Fig.14 Modified Ball-joint

Fig.15 Meshed Modified Parts
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