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Abstract: The study in this paper is carried out on the topic design and analysis of independent suspension system for an all-
terrain vehicle. The purpose of this study is to design an independent type suspension system which can rely on any type of off-
roading conditions. The focus of the study is to provide comfort to driver by reducing the effects of bumps and also improving the
dynamic parameters of the vehicle. Suspension system is an important part of any vehicle, as it helps in resisting the unwanted
forces so that driver feel comfortable while driving. Being a type of suspension system, independent suspension system is now
most commonly used suspensions in today’s automobile industry. As the suspension system holds the weight of the whole vehicle,
hence designing of it should be done carefully as it is subjected to higher stresses during its functioning condition. As the study
was concerned for all-terrain vehicle hence the designing should be done so that vehicle may sustain the effects of large rocks,
downed logs, bumps and mud holes etc. The designing of suspension control arms was done on solidworks whereas analysis
done on ansys and simulation on lotus suspension software .hence designing and analysis of suspension system was done after
getting various set of data from other functional group so that everything remains co-ordinated.

Keywords: simulation, ansys, solidworks, lotus suspension, off-roading, bumps, all-terrain.

L. INTRODUCTION

Suspension System is generally defined as the set of various mechanical linkages arranged in a manner to obtain maximum contact
patch between road surface and tires. When we talk about the suspension system it means the broad subject of how the unsprung
mass of a vehicle is connected to the sprung mass. These connections not only dictate the path of relative motion, they also control
the forces that are transmitted between them. Suspension System helps in controlling the kinematic parameters which are
responsible for dynamic behaviour of the vehicle such as Camber, Caster and Toe angles. By giving positive Caster angle, the self-
returning action of Steering can be achieved and controlling other parameter leads to better dynamic behaviour of vehicle.

Negative camber angle produce higher lateral forces to improve the cornering ability of the vehicle. Moreover, Toe in angle of the
wheels help in improving the straight-line stability whereas the toe-out angle help in improving the cornering stability. Hence for
proper suspension travel, first the alignment and handling characteristics should be right then only suspension will work properly.

A. Literature Review

Carroll Smith [1978] explained that the geometry of any suspension system determines the linear and angular paths that the wheel
and tire follow when it is displaced from its static position — either by the effect of road irregularities on the unsprung mass or by the
movement of the sprung mass in response to the load transfer produced by acceleration in various planes. [1]

Jornsen Reimpell et. ol. [2002] said that the suspension of modern vehicles need to satisfy a number of requirements whose aims
partly conflict because of different operating conditions(loaded/unloaded, acceleration/braking, level/uneven road, straight running/
cornering). [2]

Thomas D. Gillespie [1992] revealed that the properties of a suspension important to the dynamics of the vehicles are primarily seen
in the kinematic behaviour and its response to the forces and moments that it must transmit from the tires to chassis. In addition,
other characteristics considered in design process are cost, weight, space, manufacturability, ease of assembly and others.[3]
William F. Milliken, Douglas L. Milliken [1995] said that suspension linkages are expected to position the knuckle very accurately
in all directions while allowing it to move up and down against the spring shock.[4]

John C. Dixon [2007] explained that the need for suspension arises because of the roll and pitch associated with vehicle
manoeuvring, and from the roughness of roads.[5]

As the ATVs are subjected to high jumps and tough off-roading conditions hence suspension system must be enough capable to
withstand the uneven forces of variable amplitude without any failure in its components as well as its function.
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The prime focus of this study is to provide a suspension system to the vehicle which can support the weight of vehicle in static
condition and also improve the ride quality, stability and handling characteristics.

1. DESIGN PARAMETERS
Before designing the suspension system, some parameters are needed to be known. Hence type of independent suspension system
which are going to be used in front and rear side of vehicle are —
Front - Equal & Parallel Double Wishbone suspension system is used as it offers easy controls on the various kinematic parameters.
Rear - Semi Trailing Arm is used as it produces steering effect as it passes through bump or jounce and hence generate roll
understeer on rear axle.

TABLE 1. SUSPENSION PARAMETERS

S.No. Design Parameter Value
1. Wheel Base 1651 mm
2. Track Width 1371 mm
3. Total Weight 293 Kg
4. Tire Size 22*7 inch
5. CG Height 572.26 mm
6. Static Camber 0 deg.
7. Caster Angle 5 deg.
8. Ground Clearance 15 inch
9. Kingpin Inclination 0 deg.
10. Kerb Weight 223 kg
11. Kingpin Length 5inch
12. Motion Ratio 0.7

These are some of the following design parameters which are required for designing the independent suspension system.

A.  Front Suspension System

Double Wishbone suspension system was preferred as it consist of two control arms, one upper and other lower on which
suspension is mounted and whole system gets attached to the chassis.

This type of suspension system is easy to manufacture as well as possess easy controlling over kinematic parameters and helps in
improving the ride quality. And Equal Parallel combination helps in minimizing the camber gain in the front tires whenever vehicle
goes in bump or droop.

This type of system is connected to tires through wheel assembly which comprise of Hub, spindle and knuckle along with the Ball
joints which connects control arms to the wheel assembly. To chassis side, lower control arm connected through bushings whereas
upper arm is through ball joints to adjust the kinematic property.

11.00 " = 11.00 -

1000

Fig. 1 Front Lower Control Arm Fig. 2 Front Upper Control Arm
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B. Rear Suspension System

Semi Trailing Arm is preferred in rear side as it provides higher strength to weight ratio as compared to double wishbone at same
side.

In this type, the camber change is constant according to the wheel travel. The suspension system is connected to chassis with the
help of bushings whereas to tires with wheel assembly which comprise of hub and collar. Semi trailing arm is welded with collar so
that static parameters remains same and during dynamic condition no other factors could affect the vehicle.

Fig. 3 Semi Trailing Arm

After compiling the design parameters, suspension modelling is done on SOLIDWORKS v15 and shown in figure 1, 2 and 3.
Material which used for the control and semi trailing arms is Stainless Steel 304, as it provides higher strength to weight ratio.
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Wheel Assembly of front and rear side is also designed on SOLIDWORKS v15 and shown in figure 4 and 5 respectively and these

Fig 4. Front Wheel Assembly Fig 5. Rear Wheel Assembly

are also important components of suspension system as force is first experienced by them. As soon as the designing gets completed,
the various calculations comes into existence regarding the forces acting, Spring rate, roll rate, Natural frequency etc. which will be
carried out in next step.

1. METHODOLOGY
Methodology in this study consist of various sets of calculation which are required during analysis of suspension system.

A.  Front Axle Weight to Rear Axle Weight Ratio
Front axle weight (FAW) and Rear Axle Weight (RAW) is needed to be calculated for obtaining the required spring rate of
suspension. The total weight acting at the CG of vehicle with 70kg driver seated is 293 kg.
And the total sprung mass of the vehicle is 210.8 Kg
Taking moment about rear axle-
W- Total sprung mass at CG
Wer- Weight on front axle
Wrr- Weight on rear axle
W*26.84 = Wrr*65
Wer= (210.8*26.84)/ 65
Wer= 87.04 Kg
Hence Weight at rear axle is
Wrr= W-Wrr = 210.8-87.04
Wher= 123.76 kg
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FRONT AXLE {}
REAR AXLE {}

Fig. 6 Weight Distribution
It is taken that under full bump condition the suspension are providing maximum 5” travel.

B. Force Analysis

To calculate the amount of force acting on the suspension components, two methods are used i.e.

1) Drop test is performed under which Energy Conversion took place, kinetic energy of vehicle changes into potential energy.

2) Impulse Momentum Method: Drop test is performed from a height of 6 feet, and made to fall under gravity hence energy
conversion takes place.

1 , _ B

2mv = mg
v=.2gh
v=6m/s

Now, calculating the time taken in free falling,
s=ut+ Zlgt2 (u=0 m/s)

t=0.61 sec.

Applying Impulse Momentum Equation,
mv=Fxt

F=2879.1N
This much amount of force will act on the vehicle when it made to free fall under gravity.

C. Spring Rate

Spring Rate is defined as amount of force required to produce a unit mm deflection in spring.

As the suspension supports the sprung mass of the vehicle, hence ratio of sprung mass on front and rear axle defines the spring rate
for front and rear suspension.

Ks = Front Spring Rate

Kr = Rear Spring Rate

F:+ = Bump Force on front axle (2.5G force)

Fr= Bump Force on Rear axle (2.5G force)
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X = Maximum suspension travel
F
K = ;f
K = 25%9.81%87.04
a 5% 25.4

K =16.81 N/mm

F
KR =R
X
K = 2.5%9.81%123.76
5%25.4
Kr=23.9 N/mm

Rear Spring Rate is greater than front because at rear axle percentage of sprung mass is greater as compared to front hence higher
stiffness is required to support the rear axle weight.

D. Sprung Mass Natural Frequency
w = sprung mass natural frequency
Kt = Front Spring Rate
Kr = Rear Spring Rate
K = Total Spring Rate
M = Total sprung mass
It can be assumed that front and rear suspension are attached in parallel to each other. Hence the net spring rate will be
K =K +K;
K=16.81+23.9
K =40.71 N/mm

1 K
W_ZTEM

w= 221Hz

Wheel Rate
(W.R.)s — Front Wheel Rate
(W.R.); — Rear Wheel Rate
(W.R)s = (M.R.)2* K¢
(W.R)s =(0.7)* 16.81
(W.R.)s =8.24 N/mm
(W.R) = (M.R.)2* K,
(W.R) = (0.7)2* 23.9
(W.R.)r=11.71 N/mm

E. Roll Rate
Kge = Front Roll Rate

Kaor = Rear Roll Rate
t = track width

12 « K * t2
K(Z)f:T

©IJRASET: All Rights are Reserved 459



www.ijraset.com
IC Value: 45.98

Volume 5 Issue V, May 2017
ISSN: 2321-9653

International Journal for Research in Applied Science & Engineering

E. Roll Gradient

W = Total weight in Ibs.

H = Distance between roll axis and CG
Kot = Front Roll Rate

Kaor = Rear Roll Rate

Technology (IJRASET)

12 % K, = t2
Kor =—7%—
Kgr = 4073.84 Ib-ft/rad

®  -W=xH
Ay Kge + Kgr

@ _ —646.065%0.89
Ay  2865.32+4073.84

2 - .0.083 rad. /g
Ay

2

A

y

= —4.786 deg./g

ANSYS

R18.0

Academic

0.000 0.200(m) E‘-Y
L —
0100

Fig. 7 Lower Control Arm Deformation
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V. DESIGN ANALYSIS
Analysis in the given study has been carried out on ANSYS whereas suspension system stimulation has been done on LOTUS
Suspension.
In this study, analysis of all the loaded components has been done such as Control A Arm, Semi trailing arm, Front Upright, Wheel
Hub etc. and the analysis parameters has been calculated initially and some parameters have been taken from other functional
departments.

TABLE 2. MATERIAL SELECTED

S.No. Components Material
1 Uprights Al 6061 T6
2 Wheel Hub Al 6061 T6
3 Control Arms Stainless Steel 304
4 Semi Trailing Arm Stainless Steel 304

Materials of the components has been selected on the basis to Strength along with weight consideration. As optimization has been
done to reduce the weight of components by not sacrificing its strength, and which leads to reduction in unsprung mass and better
suspension travel.

ANSYS

&8.0
Academic

104%8
8.206e7
5.624e7
151917
-32431e6 Min

000 0200 () Y
[ —
010

Fig. 8 Lower Control Arm Stress Analysis

These analysis results has been carried out at maximum bump force acting on the vehicle in its worst condition.
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A: Static Structural A: Static Structur.
Equivalent Stress Equivalent Stress .
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: Pa Unit: Pa

-al

Time: 1 Time: 1
06-04-2017 22:05 06-04-2017 22:39
1.8221e8 Max 5.8585e7 Max
1.6196e8
1.4172e8
1.2147e8
1.0123e8
8.0981e7
6.0735e7
4.040e7
2.0245e7

5.2077e7
4.5569e7
3.9061e7
3.2553e7
2.6045e7
1.9537e7
1.3029e7
6.5205e6
12487 Min

0 Min
& 0.000 0.080 () "9
0.000 —— 0.300 (m) @ 0.040
Fig. 9 Semi Trailing Arm Stress Analysis Fig. 10 Front Wheel Hub Stress Analysis
A: Static Structural A: Static Structural
et rENint ST Topes T Barormation
Unit: Pa Unit: m

Time: 1 Time: 1
06-04-2017 22:59 06-04-2017 22:11

1.5216e8 Max
1.3526e8
1.1836e8
1.0146e8

0.0011418 Max
0.0010149
0.00088803
0.00076117
0.00063431
0.00050745
0.00038059
0.00025372
0.00012686
0 Min

8.4563e7
6.7665¢7
5.0767e7
3.38697
1.6971e7
72567 Min

N

0.000 0.080 (m) 7\ 0.000 0300 (m) g
] Y &
0.040 E 0.150 :

Fig. 11 Front Upright Stress Analysis Fig. 12 Semi Trailing Arm Deformation

From the analysis report, it has been seen that maximum stress which generated is 58.58 MPa whereas maximum yield stress of Al
6061 T6 is 2.07e8. Hence design is safe as we are getting good factor of safety.

Same process is used for analysis of front upright and the output result which comes out was also satisfying as maximum stress
developed is 1.52e08 which is less than the yield stress of the material.

From the above analysis results, it could be noticed that the maximum combined stress concentration in control arm is still less than
the yield stress of pipe material. Hence, the design is safe on applied forces.

After completing the analysis of all the load bearing parts, now stimulation of suspension system is needed to be done on LOTUS
Suspension software. After performing stimulation, various sets of results has been observed such as camber change graph,
isometric view etc.

Fig. 13 Front Suspension System Model Fig. 14 Rear Suspension System Model
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Fig. 15 Isometric view of Suspension System

After performing opposed bumps, rolling and steering stimulation, following test results were observed.

RONT -wveT ar +ve )0

EEAR —-vel and +vel

3,400
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=136 .000

REEOUND

\
236 .000
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3.000

-3.000
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|
-156.000
REBOUND

236.000
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Fig. 16 Camber Change Graph Fig. 17 Toe Angle Variation Graph

Following results were obtained when the whole suspension system stimulated under given constraints which has been given during
the stimulation process. These results shows that how the suspension system perform when it will be tested under real Off-roading
conditions.

V. CONCLUSION

The conclusion of this study has been carried out on the basis of results obtained from the various analysis and stimulations. There
were various factors which were helping the vehicle in enhancing its stability and also analysis of various loaded parts shows that
design considerations which were taken during designing holds correct values and all the components can sustain the variable load
during dynamic condition. The various values which were obtained such as maximum permissible stress and deformation are under
the yield stress of material hence it can be concluded that design is safe.

In this study, we have calculated the various aspects of vehicle dynamics such as wheel rate, roll rate, spring stiffness, roll gradient
etc. which are helpful during the stimulation process. And some assumptions also been taken during the calculations which are
based on SAE standards. From the study it has been concluded that suspension system is resisting all types of bump forces so that
ride quality does not affected and driver’s comfort also not exhausted.
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