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Abstract-Front lower suspension arm is major component in
Automobile Industries. The major function of arm is to
maintain smooth suspension condition. Two types of lower
arm are use upper and lower. The loads will be acting more
on lower arm than upper arm because of its position. In this
thesis the 3D model was generated in Catia software and
Analysis conducted by the ansys software.
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1. INTRODUCTION

The primary function of the suspension system of the
vehicle should fulfil pretentious requirements about stability,
safety and manoeuvrability. The suspension system of the
vehicle performs multiple tasks such as maintaining the
contact between tires and road surface, providing the vehicle
stability, protecting the vehicle chassis of the shocks excited
from the uneven road surfaces, etc. Suspension arm is one of
the main components in the suspension systems. It can be seen
in various types of the suspensions like wishbone or double
wishbone suspensions. Most of the times it is called as A-type
control arm. It joins the wheel hub to the vehicle frame
allowing for a full range of motion while maintaining proper
suspension alignment. The general function of control arms is
to keep the wheels of a motor vehicle from uncontrollably
swerving when the roadconditions are not smooth. The control
arm suspension normally consists of upper and lower arms.
The upper andlower control arms have different structures
based on the model and purpose of the vehicle.Uneven tyre
wear, suspension noise or misalignment, steering wheel
shimmy or vibrations are the main causes of the failure of the
lower suspension arm. Most of the cases the failures are
catastrophic in nature. So the structural integrity of the
suspension arm is crucial from design point of view both in
static and dynamic conditions. As the Finite Element Method
(FEM) gives better visualization of this kind of the failures so
FEM analysis of the stress distributions around typical failure
initiations sites is essential. Therefore in this dissertation work
it is proposed to carry out the structural analysis of lower
suspension arm of light commercial vehicle using FEM.
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Il. LITERATURE REVIEW

Mohd Khairil Azirul Bin Khairolazar “This project
presents the development of robust design of lower suspension
arm using stochastic optimization”. The strength of the design
analyse by finite element software. The structural model of the
lower suspension arm was mode by using the solid works. The
finite element model and analysis were performed utilizing the
finite element analysis code. The linear elastic analysis was
performed using NASTRAN codes. TET10 and TET4 mesh
has been used in the stress analysis and the highest Von Mises
stress of TET10 has been selected for the robust design
parameter. The development of robust design was carried out
using the Monte Carlo approach, which all the optimization
parameter for the design has been optimized in robust design
software. The improvements from the Stochastic Design
Improvement (SDI) are obtained. The design capability to
endure more pressure with lower predicted stress is identified
through the SDI process. A lower density and modulus of
elasticity of material can be reconsidered in order to optimize
the design.The area of the design that can be altered for the
optimization and modification is identified through the stress
analysis result. As a conclusion, the robust design by using
stochastic optimization was capable to optimize the lower arm
suspension. Thus, all the result from this project can be used
as guideline before developing the prototype [3].

Veloso, H.S. Magalh&es, G.I. Bicalho, E.S.Palma, in
this study, a failure analysis of a longitudinal stringer of a
prototype vehicle has been carried out. Failure took place at
the bumpers fixation points of the vehicle suspension during
durability tests. Crack was created and has grown causing
fracture of the component. Stress analysis was performed
using finite element method. A reinforcement model to solve
the problem was proposed. Experimental quasi-static and
durability tests were carried out and failures were no longer
observed.

Mr. Sushilkumar P. Taksande, Dr. A.V. Vanalkar *
Design and Analysis of car Front Lower Suspension Arm”
This paper presents design and modelling of car front
suspension lower arm to study the stress condition and to
increase thickness of lower plate of the front suspension lower
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arm. The main objectives of this study to determine critical
locations and strain distributions of the component. The paper
aims to complete Finite Element Analysis of the front
suspension lower arm which consist the stress optimization
loadings and analysis for deformation.

Eshan Ayyar, Issac de souza, Aditya pravin, Sanket
Tambe, Ageem Siddiqui & Nitin Gurav “Selection
Modification Analysis of Suspension System for All Terrain
Vehicles” The real pleasure of driving for an off-road
enthusiast can be described as the thrill of the terrain coupled
with a capable machine to handle the terrain. However, this
pleasure can be derived only when the comfort level of the
driver is maintained. Thus, it is concluded that the suspension
system (which is responsible for providing a comfortable ride
quality to the driver) is one of the most important sub-systems
to be designed. This paper aims at selecting, modifying,
analysing and fabricating a suspension system capable of
handling rough terrains while maintaining the ride quality
[21].

Dattatray Kothawale, Dr. Y. R. Kharde “Analysis of
Lower Control Arm in Front Suspension System Using F.E.A.
Approach” This paper deals with finite element analysis for
MacPherson type suspension system lower control arm (LCA)
of 4W suspension system. The main function of the lower
control arm is to manage the motion of the wheels & keep it
relative to the body of the vehicle. The main significance of
the analysis is to check the structural strength of LCA using
dynamic forces. It will going to save the testing as well as
validation cost. Also, validating final finite element analysis
results through the physical testing of the component. This
paper will show the validation of finite element analysis
results with actual physical sample testing [16].

Jagwinder Singh, Siddhartha Saha “Static Structural
Analysis of Suspension Arm Using Finite Element Method” In
this study control arm was reverse engineered. Reverse
engineering refers to the process of obtaining a CAD model
from an existing physical part. CAD model was prepared
using CATIA v5 software and finite element analysis was
done using ANSYS 14.5 software by importing the parasolid
file to ANSYS. The model is subjected to loading and
boundary conditions and then analyzed using the FEA
techniques. The static structural analysis was done to find out
the stress, deformation and safety factor of component. The
model was meshed using 10-noded tetrahedral elements.
Result obtained from the analysis were studied to check
whether the design is safe or not. In some cases the stresses
becomes more than safe limit. In that case optimization
approach is carried out to increase the structural strength of
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the component. In this case maximum von-misses stress is 211
MPa which is below the yield strength of the material [22].

I11. SYSTEM DEVELOPMENT

3.1 Mathematical modelling:

We can define displacement in three dimensions as,

u=[u v wl’ Eq. 1

Where u, v and w are displacements in x, y and z directions
respectively. Thus stresses and strains are given by,

o= [O-x 0y 0zTy; Txz Txy]T Eq 2
€= [Ex Ey €Vyz Vaz yxy]T Eq 3
Where,
0;= Normal Stresses in respective directions.
7;; = Shear stresses in plane made by i and j axes.
€; = Normal Strains in respective directions.
yi;j = Shear Strains in plane made by i and j axes.
The stress-strain relationship is given by,
o = De Eq. 4
Where D is (6x6) symmetric matrix. For isotropic materials, D
is given by,
D =
[1 -v v v 0 0 0
| v 1-v v 0 0 0
E | v v 1-v 0 0 0
wa-20] 0 0 0 05-v O 0
[ 0 0 0 0 05—-v 0
0 0 0 0 0 05—-v
Eqg. 5

The strain displacement relation is given by,

= [ 20 2eoe v o "

dox'dy’ 0z dz oy ' 0z ox
Eq. 6

By considering tetrahedral element the nodal displacements g
can be found out using potential energy approach, thus
equating with finite element relations the elemental stresses
can be found out as,
The force vectors are given by,

ow du
ox 'y

F=[Fx Fy FZ]T Eq. 7
The invariants of the stress tensor are,
I, = oy +0,+o,
I, = 0,0, + 0,0,+ 0,0, — Ty,> — Ty,> — Ty)°
I3 = 0,0,0, + 2T, T,,Tyy — OxTy," — Oy Ty,” — 0, Ty "
Eqg. 8
We define,
1,°
a= ? - 12
L\’ LI,
b=-2 (_) 1z
3 3 3
-2t
c=43
—Llane-1(_32
9—3cos ( ac) Eq. 9
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Thus principle stresses are given by,

I
o, = §1+cc039
I 2
o, = §+ccos(9 +?)
o, = %+ccos(9+4?") Eq. 10

Assuming 0.003 mm strain in all directions then stress become
from eq. 4 we get,

[15001
| 1500 |
_|1500] 2
7 =5308] N/mm Eqg. 11
l230.8J
230.8
So, working stress is given by,
Working Stress = MEq. 12
Factor of Safety
working Stress = % =600 MPa.

Thus for the safety of érm von miss stress induces in arm
should be less than 600 MPa.

3.2 Design of Suspension Arm : Thework presented here is the
design and analysis of suspension arm. For this purpose, the
models are created in CATIA. The various commands stated
in above sections are used to generate the design. Firstly the
arm is taken from market survey. The various dimensions are
measured by using standard gauge vernier and micrometer
gauges. The dimensions are put in CATIA software to
generate the 3D model of arm. Here three designs are adopted
called as models. Model 1 is general model used in today’s
automobiles. While the model 2, 3 and 4 are slightly change in
design by adopting fillets in critical areas. The models are
shown in fig.
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Fig. 3.2.1 Design of Solid Model 1 (General model from
market survey)
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Fig. 3.2.2 Design of Solid Model 2 (5 mm Fillets in Critical
Areas)
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Fig. 3.2.3 Design of Solid Model 3 (7 mm Fillets in Critical
Areas)
1
|
|
|
|
|
|
|
|
|
|
|
|
|
} Front view
| Scale: 1:4
1
[ |
| | Changes:
| i mmmy) | 10 mm Fillets in
| | Critical Avess
} Top wiew
} Scale: 1:4 }
Fig. 3.2.4 Design of Solid Model 4 (10 mm Fillets in Critical
Areas)

IV. STATIC AND FATIGUE ANALYSIS OF ARM

Steps for generating FEA of arm are as follows.

Firstly convert the model in IGES or STP format.

Select static structure analysis from analysis menu.

Apply materials and properties of materials.

Import the model in IGES or STP format.

Generate the mesh of tetrahedral (elements around 31000
and nodes around 52000).

6. Apply boundary conditions (fixed at two supports and
Load of 1000 N at one support)

Check ANSYS settings for static structure and fatigue.
Solve the model for solution.

abrwneE
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9. Insert the fatigue tool in ANSYS setting. (Select the
fatigue strength factor=1, type of loading is fully reversed
and theory of fatigue is mean stress theory)

10. Evaluate all the results. (Stress, strain, deformation, stress-
life curve, etc.)

All the models are tested in ANSYS 15.0 workbench. The
results from the ANSY'S are shown in Fig. below:
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Fig. 4.7 Total Deformation for Model 2
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Fig. 4.1 Total Deformation of Model 1
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Fig. 4.6 Damage for Model 1
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Fig. 4.15 Total Deformation for Model 4

V. RESULTS AND DISCUSSION

The presented study shows that the static as well as
fatigue analysis is important for automobile parts. Since the
static study shows the design of arm under the load and fatigue
study shows the life of the arm under the repeating stresses
due to given load. The comparison has been made between the
various model types by considering various parameters. The
fig. 5.1 shows the comparison of total deformation for various
models. The study shows the model 1, 2 and 4 having total
deformation around 9 mm analytically as well as by ANSYS.
The model 3 has different deformation among these models.
So, as per the deformation point of view model 3 is not
optimum model. The stress is also one of the important
parameter for the design. In 3D element, generally von miss
stress is used for analysis. The fig. 5.2 shows the model 1 has
nearly equal value of stress by analytical and ANSYS
(540MPa). Thus model 1 is optimum for stress. The fig. 5.3
and 5.4 shows the fatigue tool results of all the types of
models. The average fatigue life of all the models is 1000000
cycles. The damage is the property which shows the failure of
the arm before design life. Thus, from the study of these
models the model 1 is the best optimum for all the parameters.
The model 1 having deformation 9 mm, stress 540 MPa,
fatigue life 2000000 cycles and damage 9250 units.
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Fig. 5.1 Comparison of Total Deformation for Model Types
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Comparison of Von Miss Stress (MPa)
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Fig. 5.2 Comparison of Von Miss Stress for Model Types

Comparison of Fatigue Life for Model Types
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Fig. 5.3 Comparison of Fatigue Life for Model Types
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Fig. 5.4 Comparison of Damage for Model Types
V. CONCLUSION

The work presented here is to optimize the design of
a lower suspension arm. The design of arm is subjected to
various parameters like deformation, von miss stress, fatigue
life and damage etc. The literature has been studied for the
design of arm and these parameters has found out by using
existed methods of analytical and finite element analysis. The
study draws following conclusions.
1. The design of lower suspension arm system has been
studied successfully.
2. The literature on the suspension arm, finite element
analysis has been done successfully.

Page | 971

ISSN [ONLINE]: 2395-1052

3. The model has been made in CATIA and analysed in
ANSYS for static as well as fatigue life.

4. The results are nearly equal by analytical as well as by
ANSYS.

5. The model 1 is optimum model for design from the study.
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