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S. Maéuzié¢'

D. Miloradovié?
J. Glisovié®

J. Lukié*

FEM MODELLING OF MCPHERSON SUSPENSION SYSTEM

ABSTRACT: The modern method construction of a system and its components involves the use of a specific
software package. Application of the software packages for modeling and numerical analysis of the McPherson
suspension system is presented in this paper. The advantage of using these packages is that the end results can
be obtained directly and the influence of individual geometrical parameters can be analyzed. In addition, another
advantage is that any change of external parameters resulting in a automatic change of model. Suspension system
ensures stability, safety and comfort during cornering and on uneven surfaces. Its role is to provide a flexibie
connection between the vehicle structure and the axle with wheels.

KEYWORDS: McPherson suspension system, vehicle, shock absorber, numerical simulation

INTRODUCTION

The modern concept of development of motor vehicles is reflected primarily in an increase in traffic safety in all
modes of travel. For this reason it is essential continuous improvement of steering system construction, braking
and suspension, as well as the compliance of the functional characteristics for each car model. The suspension
system has the primary task to transfer all the reactive forces and moments that occur in the contact point of the
tire and the ground to the body with as much damping shock loads [1]. Also, it should provide the necessary
stability of the vehicle especially when braking and cornering movement. Suspension system realizes flexible
connection between the basic structure of a motor vehicle with wheels and axles. There are six degrees of freedom
of the elements (rotation around each of the three axes and moving along all three axes).

McPherson suspension system is used in many vehicles because of its light weight and compatibility. This type of
system is more prevalent on the front axle of the vehicle but is also used on the rear wheels of the vehicle. The
required performance of the suspension system is to adequately support the weight of the vehicle, to ensure the
efficiency of driving quality, and to maintain the stability of the vehicle. In addition, the use of McPherson
suspension system allows better movement of the vehicle when cornering and better passengers comfort.
Contemporary literature shows interest of researchers for this type of system in order to increase the vehicle's
performance.
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MODELING MCPHERSON SUSPENSION SYSTEM

Modeling McPherson suspension system (Figure 1) was done in the softvare package CATIA V5R17. This software
is a powerful tool for modeling of individual parts of a machine, and complete mechanical systems. We have used
the Part design module to create the geometry of all parts of the system. After that, we used Assembly module in
order to connect all the parts into one functional system. Figure 1 shows the main parts of the suspension system.

The most important parts of this system are the shock absorber and spring. The lower mounting point attaches to a
lower control arm, and it is this connection that dictates both the longitudinal and lateral orientation of the wheel
assembly. The upper mounting point of the hub is attached to an assembly that contains a coil spring and a shock
absorber. The other main defining factor in a McPherson strut suspension is the way that the axis of the strut itself
also serves as the upper steering pivot (the lower pivot is the mounting point between the knuckle and control or
track arm.) This upper pivot point is attached to a tie rod end that, in turn, is attached to the steering gear.

Upper mounting
point

Coil spring

Shock absorber

Lower control arm

Control arm
Spindle and piston rod

Figure 1 3D model and shematics of the McPherson strut suspension [12]

NUMERICAL SIMULATION OF THE MCPHERSON SUSPENSION SYSTEM

The mechanic system of levers that binds the wheel recesses for the bodywork is made of rigid connection with the
joints [7-9]. Using Catia v56R17 software package we designed the existing vehicle parts which are used in series
production and are used in almost all vehicles depending on the purpose and functionality of the system. This is
covered by a complete set of shock absorbers and springs to point in one unit where they did not take into account
the additional stabilization elements in this analysis because the criteria are placed on the most critical parts of
suspension [10]. The influence of other elements does not affect too much on the analysis so that they will not be
considered. Analysis includes the following parts: spring, shock absorber, piston shock absorber, protective rubber
shock absorber, a cup shock absorber, strut bearing, tire and rim. Using static analysis, we checked the distribution
of pressure for different acceleration and different pressures in the wheel. We used linear tetrahedron as the final
element. Finite element mesh consists of 41781 of nodes and 79224 elements. Regarding the boundary conditions,
clamp is plased at the junction of the bodywork at the top of the shock absorber. Boundary conditions are input
value, while the simulation results are output. Material of tire is isotropic material - rubber, the value of Young
module 2:10° MPa, poisson coefficient of 0.49 and density of 910 kg/cms. Spring steel was used as coil spring
material (Young module 2.02-10° MPa, poisson coefficient 0.29 and density of 7820 kg/cm®). All other parts of the
suspe?sion are modeled as structural steel (Young module 2-10° MPa, poisson coefficient 0.3 and density of 7850
kg/em®).

A slower acceleration rate means that the car is weaker and will take longer to respond to the driver's controls.
Acceleration is necessary when avoiding a crash. In this study we wanted to examine the behavior of a system of
suspension for three different acceleration [11]. Acceleration and pressure are set according to Figure 2.
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a) b)
Figure 2 Setting boundary conditions; a) sets the acceleration values, b) placing pressure values

The value of the acceleration is 2 m/s? and this value acting on the center point of the rim of the wheel hub. Tyre
pressure is 2 bar. After determining an entrapment and set value for acceleration and tire pressure changes, we
running simulation.

a) b)
Figure 3 The simulation results for the acceleration of 2 m/s2 and the tire pressure of 2 bar; a) stress distribution,
b) dispacement field

The maximum value of the Von Mises stress is approximately 2.1 MPa on the upper parts of the spring, for the first
case of acceleration. Spring is the most exposed to the highest stress (shown in red). Its role is to mitigate sudden
shocks hence the greatest load in this part of the suspension system. At the junction on the bodywork (the place
with clamp) as a connection between the upper shock absorber and body, the stress has a small value. The
maximum value of the displacement field on the tire in the vertical direction is marked in red, due to the nonlinear
behavior of the material. Other displacements are relatively small. The simulation is also performed with
acceleration values of 4 and 6 m/s®. The following figures shows the stress distribution and displacement field for a
set of acceleration values and tire pressure of 2 bar.
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a) b)
Figure 4 The simulation results for the acceleration of 4 m/s2 and the tire pressure of 2 bar; a) stress distribution,
b) dispacement field

a) b)
Figure § The simulation results for the acceleration of 6 m/s2 and the tire pressure of 2 bar; a) stress distribution,
b) dispacement field

Previous figures shows that with increasing acceleration comes to major deformation of the tire in case the same
pressure on them.In the first case, when the acceleration was 2 m/s?, were observed on the tire displacement of
3.99 mm while the highest Von Mises stressof the spring was 2.1 MPa With the rise in the value of acceleration to
4 m/s?, the dxsplacement of the tire reaches 7.81 mm, and the stress on the spring 4.24 MPa. The last case, an
acceleratlon of 6m/s?, causing maximum displacement of the tire, whose values are going up to 11.7 mm, and the
Von Mises stress at the upper parts of the spring to 6.22 MPa.Figure 6 is a diagrammatic representation almost
linear dependence of displacement field of the tire and the Von Mises stress on the spring with increasing
acceleration.
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Figure 6 Change of displacement of the tire and Von Mises stress on the spring as a result of different acceleration
values, respectively

CONCLUSIONS

Simulation covers the most vital parts of suspension type McPherson. This work shows the greatest load zone
system that has been modeled, during the movement of vehicles on the road. The importance of these simulations
is that before installation of certain parts of the car we can see their loads and behavior. To make the system much
more realistic, we modeled all important parts that influence the behavior and stability of vehicles in motion. Future
development of this work could be done in the direction of determining the behavior of the system when the car
meets the road with holes, and see how they behave certain parts of the McPherson system.
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