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Abstract 

Suspension systems have been widely applied to vehicles, from the horse-drawn carriage with flexible leaf springs fixed in the four 
corners, to the modern automobile with complex control algorithms. The suspension of a road vehicle is usually designed with two 
objectives to isolate the vehicle body from road irregularities and to maintain contact of the wheels with the roadway. The 
suspension link allows wheels to rise and fall on their own without affectingthe opposite wheel. In this case, the wheels are either 
not connected at all or are connected through universal joints with a swing axle. Suspensions with other devices, such as anti-roll 
bar that link the wheels in some way are still classed as independent suspension link. The paper aims at complete FEM analysis of 
a suspension link for bending vibrations, pitching, bouncing and combined mode dynamic analysis for deformation and stresses. 
For this a 3-D solid parametric model of a suspension link is used for this. Multi body system approach is used to determine the 
loads acting on the suspension component and the body pickup point as inputs to finite element models of the component or 
vehicle structure 
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1. INTRODUCTION 
The design of suspension system is changed greatly through the years. The technology brought about these changes, so 
has the quest for great handling and comfortable vehicles. This change in design must keep the vehicle in good road 
condition along with good ride comfort without any risk of failure and limit the movement of the vehicle’s body during 
cornering and when going over bumps. The independent suspension system in May employ either a helically coiled 
spring or a torsion bar, and the suspension may be provided on front wheels, rear wheels or on all the wheels of a vehicle. 
When provided only on the front, the suspension is referred, as Independent Front Suspension (IPS) and if provided on 
the rear only it is referred as Independent Rear Suspension (IRS). The manner, in which IPS or IRS is achieved, varies 
widely for different makes and models of automobiles. In the simplest arrangement of IPS, the front beam axle is cut at 
the center and the cut ends are hinged together. This is called 'divided axle' suspension. In the IRS, different I 
arrangements have to be employed since the construction of rear axle is different from the front axle beam. Moreover, the 
differential housing is also present in rear wheel drive vehicles. 
 

 
Fig.1 Independent suspension link 

 
1.1 Basic Suspension Parts  
Spring: The spring is the core of nearly all suspension systems. It’s the component that absorbs shock forces while 
maintaining correct riding height. The increased effect of shock impairs the vehicle's handling the amount of deflection 
exhibited under a specific load. A mounting plate welded to the lower arm serve as a lower spring seat. The upper seat is 
bolted to the strut piston rod. A bearing or rubber bushing in the upper mount permits the spring and strut to turn with 
the motion of the wheel as it steered. 
Shock Absorber: Shock absorber damp or control motion in a vehicle. If unrestrained, spring continue expanding and 
contracting after a blow until all energy is absorbed. Shock absorber can be mounted vertically or at an angle. Angle 
mounting of shock absorbers improves vehicle stability and dampens accelerating and breaking torque. 
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Lower Control Arm: The suspension lower mounting position continues to be the frame, as on the traditional suspension, 
because the lower control arm and ball joint are retained. The control arm serves as the lower locator of the suspension. 

Ball Joint: A ball joint connects the steering knuckle to the control arm, allowing it to pivot on the control arm during 
steering. Ball joint also permit up and down movement of the control arm as the suspension reacts to road conditions. 
This ball joint are load caring and supports the car weight it also called tension loaded or compression loaded ball joint. 
Bump Stop: Bump stop are located on lower control arm and it avoid direct contact of arm with chassis/body while car 
movement upward (jounce) and downward (rebound). 
 

 
Fig.2 Parts of independent suspension link 

 
1.2 Constructional Exploded view 
In automobiles, double (or "upper and lower A-arm") suspension is an independent suspension design using two 
parallel wishbone-shaped arms to locate the wheel. Each wishbone or arm has two mounting points to the chassis and 
one joint at the knuckle. The shock absorber and coil spring mount to the wishbones to control vertical movement. Double 
wishbone designs allow the engineer to carefully control the motion of the wheel throughout suspension travel, 
controlling such parameters as camber angle, caster angle, toe pattern, and roll center height, scrub radius, scuff and 
more. 

 
Fig.3 Exploded View of Double Wishbone Suspension 

 
The suspension consists of a pair of upper and lower lateral arm, roughly horizontal. The upper arm is usually shorter 
to induce negative camber as the suspension jounces (rises). When the vehicle is in a turn, body roll results in 
positive camber gain on the outside wheel. The outside wheel also jounces and gains negative camber due to the 
short upper arm. The suspension designer attempts to balance these two effects to cancel out and keep the tire 
perpendicular to the ground. This is especially important for the outer tire because of the weight transfer to this tire 
during a turn. Between the outboard ends of die arms is a knuckle with a spindle or hub which carries the wheel 
bearing and wheel. Knuckles with an integral spindle usually do not allow the wheel to be driven. A bolt on hub design is 
commonly used if the wheel is to be driven. In order to resist fore-aft loads such as acceleration and braking, the arms 
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need two bushings or ball joints at the body. At the knuckle end, single ball joints are typically used, in which case the 
steering loads have to be taken via a steering arm, and the wishbones look A or L-shaped. An L-shaped arm is generally 
preferred on passenger vehicles because it allows a better compromise of handling and comfort to be tuned in. The 
bushing in line with the wheel can be kept relatively stiff to effectively handle cornering loads while the off-line joint 
can be softer to allow the wheel to recess under fore aft impact loads. For a rear suspension, a pair of joints can be 
used at both ends of the arm, making them more H-shaped in plain view. In front view, the suspension is a 4-bar link, 
and it is easy to work out the camber gain and other parameters for a given set of bush locations. The various 
bushes do not have to be on horizontal axes, parallel to the vehicle center line. 

 
2. OBJECTIVES OVERVIEW 
The complete work is done on the left hand Lower Control Arm of the four wheel drive. To find out problems in vehicle 
some durability test has been performed on the complete vehicle. The test method includes – 2g Twist, 3g Rear, 3g Front, 
3-2-1 Front, 3-2-1 Rear. During the testing force measurement has been done, which is the basis of stress limit check of 
the Independent Suspension Link in actual working environment. A complete work is performed on the study of rolling, 
pitching and braking effect on the link by considering Modal Analysis using Finite Element Approach in Ansys software. 
After getting a visual interpretation of different modes of vibration, we go ahead Liner Static Finite Element Stress 
Analysis for the Quasistatic load obtained by the durability test done in house in the vehicle manufacturing site. Then the 
study includes the corrective action and implementation by providing an extra u shape bracket to the complete to decrease 
the stress and deformation limit, concludes our aim of the paper. 

 
3. MODELING OF LOWER WISHBONE 
As a prerequisite to the finite element model is the physical geometry of the lower wishbone link created using CATIAV5 
software. The actual physical model observation is also required to validate or compare it with the model created at our 
place. So for this we provided an onsite photograph of the wishbone model to compare it with CAD model 

 

   
  Fig.4 Onsite photograph of the wishbone model                                        Fig.5 CATIAV5 model of wishbone 

 
4. FE MESH GENRATION 
After validation of the model next step is generation of Finite Element Mesh. A very fine mesh creates the hardware 
space problem because the computations because voluminous. As the number of nodes increases, the total degree of 
freedom of the model increases. Hence a designer has to model it optimally i.e. placing fine mesh only at critical area and 
coarse mesh at other. So that run times less and also the accuracy is good. 
 
4.1 Mesh Refinement  
After generation of coarse mesh, it is refined as per the geometry and critical sections of the model. It can be refined in 
three different ways as follows. 
 H-refinement: Here clement size is changed (decreased) without changing the element type. The h refinement is used 

near the fillet area. 
 P-refinement: Here element type is changed (to higher order) without changing element size. The p – refinement 

converges to the solution faster than h – refinement. 
 R–Refinement: Here existing nodes are moved without changing the element type and size. The ‘r’ refinement used 

at other locations. 
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              Original mesh                   Uniform h-refinement            Uniform p-refinement             r-refinement 

Fig.6 Types of mesh refinement 
 
The hyper mesh meshing was created using the imported CAD geometry. This was undertaken by using either manual or 
auto meshing techniques. Once the mesh has been created it is checked for free edge duplicates and normal. The element 
quality is also checked for aspect ratio, wrap angle, skew angle and taper. Quality indices adapted throughout the 
Hypermesh program for typical shell63 element is 
                  Aspect Ratio < 5:1 
                  Wrap Angle < 7 degree 
                  Skew Angle < 30 degree 
                  Taper > 0.8 
Then the mesh model is imported into Ansys work place by generating input deck by Hypermesh & Imported into Ansys by 
Read input option provided on Ansys GUI Interface 

 

 
Fig7.Top View of Meshed Lower Wishbone Arm in Hypermesh 

 
 Fig8. View of Meshed Lower Wishbone Arm in Hypermesh 

 
5. PROCESS OF ANALYSIS WORK. 
5.1 Vibration Testing 
Mode shapes and participation factors we have calculated using the modal analysis in Ansys and Hypermesh to validate 
the software capabilities. The mode shape is based on the BLOCK LANCZOS mode extraction method to the entire 
minor and major Eigen values. The natural frequency and maximum deformation corresponding to the Pitching, Rolling 
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modes are observed. Finally the rigid body modes shapes are checked to cross check whether we have provided the 
coupling between the node are perfect or not. 

 
5.2 Durability Testing 
Any engineering system, whether it is a structure or a mechanism, is either subject to loads applied to it, which result in 
displacements, or parts are constrained to move, which results in loads building up within it. For many years in 
motor racing these loads and displacements could only be estimated by calculation and applied statically, using weights 
and hydraulic cylinders to simulate certain discrete conditions experienced during running. The arrival of data 
logging systems in the late 1960s and early 70s allowed engineers to accumulate time histories of loads and 
displacements experienced while the car was driven at racing speeds on the track. Once the PC enabled engineers to 
handle all this data in an efficient manner, it did not take long before they wanted to use it to drive 
force/displacement actuators to simulate track conditions dynamically in their labs, so that they could both test for 
durability and be able to watch and analyses the performance of their structures and mechanisms. 
Saving time and development costs is of paramount concern when setting up the suspension of any vehicle. With the help 
of a four post servo-hydraulic test rig fitted with simulated aerodynamic down force, Dynamic Suspensions engineers can 
assist users in quickly evaluating and understanding vehicles. A range of problems (such as suspension installation 
flexibility, friction level, non-linearity chassis torsion flexibility) can be measured and a good basic suspension 
setup can be achieved, setting a vehicle in an ideal starting point for final track optimization. The test techniques, 
which can often be completed in one day, give an insight into a range of vehicle parameters that would normally 
take a huge amount of track-testing effort to achieve. 

 
Fig.9 Reynard Chassis Mounted on 7-Post Rig 

 
Many vehicle manufacturers are using the durability test methods to find out the effect of all dynamic load condition and it 
studies its effect on the testing component. To simulate the actual dynamic condition these testing methods are designed to 
convert the dynamic load to A SERIES OF quasi static load with 90% accuracy. So this load are applied to the complete 
vehicle and localized stress and strain studies are performed on a particular component as we are studying here the effect on 
the lower front wheel left control arm. Following are the testing methods: 
2g Twist: This is full frame twist load case. This quasi-static load case applies load of 2g at the spindle in vertically 
upward direction for one front wheel and 2g load at the spindle in vertically upward direction for the diagonally opposite 
rear wheel.  
This load case simulates load ditch event in which the two diagonally opposite wheels are momentarily suspended in air 
3g Rear: This quasi-static load case applies load of 3g at the spindle in vertically upward direction for both rear wheels. 
A 1g vertical quasi-static load be applied to the front wheel spindles simultaneously 

              
                          Fig.10 2g Twist Fig.11 3g Twist 
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3g Front: This quasi-static load case applies load of 3g at the spindle in vertically upward direction for both the front 
wheels. A1g quasi-static load is applied to the rear wheel spindle 
5-2-1 Rear: This quasi-static load case applies load of 3g at the spindle in vertically upward direction, 2g load at the 
spindle in longitudinally rearward direction, and 1g at the tire patch in lateral inboard direction at one of the rear wheels. 
A 1g vertical quasistatic load would be applied to the outer three wheel spindles simultaneously. 
 

               
                             Fig.12 3g Front                  Fig.13 3-2-1 Rear 
 
5-2-2 Front: This quasi-static load case applies load of 3g at the spindle in vertically upward direction, 2g load at the 
spindle in longitudinally rearward direction, and 1g at the tire patch in lateral inboard direction at one of the front 
wheels. A 1g vertical quasistatic load would be applied to the other three wheel spindles simultaneously. 
5.3 Functional and stress limit observation:- 
The component is check for vonmises stress applying above forces and boundary condition. And its maximum 
deformation is cross checked whether it is going out of limit of max. Deformation observed in natural frequency steps. 

 
5.4 Corrective action for lower wishbone:- 
After observing the stresses in wishbone it is found that some metal material thickness should be increases at the chassis 
connection point to avoid the failure and stress concentration. So the bracket is implemented their and CP element is used 
to again define the connectivity and attachment between the previous model and new model with bracket. 
 
6. RESULT DISCUSSING 
Vibration Analysis Result 
Step 1 we have used shell 63 element on the structure and the vibration analysis is seen in both Hypermesh & Ansys 
software for validation of numerical method used for calculating the natural frequencies. The numerical method used here 
is BLOCK LANCZOS method.  
 
Step 2 as we used shell 63 element which has got 6 DOF Ux, Uy, Uz, Rot x, Rot y, Rot z in free vibration sees. It shows 
first 6 natural frequencies values nearer to zero called Rigid body modes. Values are listed below. 
1st natural freq. - 6.945 * 10-4 Hz 
2st natural freq - 5.452 * 10-4 Hz 
3st natural freq - 4.376 * 10-4 Hz 
4st natural freq - 1.524 * 10-4 Hz 
5st natural freq - 1.999 * 10-4 Hz 
6st natural freq - 5.500 * 10-4 Hz 
Step 3 Then we have find out the Pitching, Rolling, Breaking modes and combination of deformation and we are 
interested in 1st mode of each categories. 
1st Rolling mode –7thnatural freq. – 5.344 * 10+2 Hz 
1st Breaking mode–8thnatural freq. – 7.367 * 10+2 Hz 
1st Pitching mode –9thnatural freq. – 1.133 * 10+3 Hz 
1stCombined mode-10th natural freq. -8.101 * 10+2 Hz 
 
Step 4 The forces evaluated from the durability test name 2g-Twist, 3g- Front, 3g-Rear, 3-2-1 Front, 3-2-1 Rear. Are put 
in the load step option in Ansys and solution is checked for the vonmises stress. The max value is coming as  
Max Displacement = 83.35mm.  Max Stress = 3890N/mm 
Step 5 For the optimization condition we have adopted geometrical optimization by providing a U shape bracket at the 
chassis connection point to reduce the stress and deformation. The maximum deformation and vonmises stress values are 
given below. 
Max Deformation = 48.8mm                  Max vonmises stress = 9.76 * 102 N/mm2 
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 Step 6 Then the lower control arm is checked for strain energy to get an idea about the residual stress plot. The max 
strain energy values come is as 1.23 * 104 N.mm after providing the bracket. 
 
Step 7 for different material condition we have checked the position where we can go head for minimizing the material or 
study is done for the over designed area using. Ansys GUI base as Plot control > style > Contours > Uniform contours. 
 

 
Fig14. Plot control for minimizing the material. 

7. CONCLUSIONS: 
As we have studied the result from ansys the safe mode by considering the result obtained in step 5, so the method we 
have used to add U shaped plate for our component to make it stiff and reduce the failure at the chassis connection point 
is valid one. 
 
8. FUTURE SCOPES: 
As the physical model is having component coil spring and shock absorber connected to the control arm by a spring seat, 
so we can does the durability analysis for this component in future along with the fatigue analysis of the part by 
considering the vibration mode induced by road surface Irregularities. 
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