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ABSTRACT  

To improve the reliability of the damping 
system of an automobile we investigated a new 
design which adds a rubber bushing and 
spring in parallel with the existing spring. This 
model provides acceptable stiffness values 
regarding the car suspension. 

Simulation shows that this model adds a 
resistancefeature to the dynamic constant 
changes. 
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Figure 2. Mathematical Model of a Car Suspension System 
with integrated TK-40 Polsder.

3.1 Equations of the mathematical model
According to Newton’s Second Law, the motion 
of the spring and unsprung mass in the car 
suspension system model is described by the 
following equations:

Where: M = spring mass. ms = un-sprung mass. 
K1 =stiffness coefficient of suspension system. 
K2=stiffness coefficient of wheel and tire. 
C1=damping coefficient of suspension system. 
C2=damping coefficient of wheel and tire.

To represent the effect of rubber, the generalized 
model uses three forces: Fe in the equation 3.3 
provides the non-linear spring element; Fv is the 
complex viscous force which includes a real and 
an imaginary component [eq. (3.5), eq. (3.6)]; 
and Ff represents the damping by a friction 
force eq. (3.3) [8].

The parameters Ke, Kv1, Kv2 are the stiffness 
coefficients of the non-linear spring and 
viscous elements and Cv1, Cv2 are the damping 
coefficients. Ff max is the maximum friction 
force and x02 is the displacement required 
to gain this force [9]. The system is subjected 
to an exciting force, in this case, the effect of 
soil surface irregularities. According to the 
EUSAMA Norm [10] these irregularities can be 
modeled using a harmonic function, as shown 
in Eq. 3.7.

(3.7)

4. Results

Using the mathematical model specified in the 
preceding section and the material specifications, 
we proceed to simulate the system using Matlab, 
for both the original suspension system and our 
modified system TK-40 Polsder.

The results from the Matlab simulation of the 
original system and the TK-40 Polsder system 
are presented in the first and second graph 
respectively.

Graphic 1. Bode Plot- Original Suspension System.

This model was integrated to the quartercar 
suspension system model [1] as shown in Figure 2.
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The peak in the Magnitude vs Frequency 
portion of the graph occurs at the transition 
frequency (Mn). The frequency is independent 
of the damping coefficient because it depends of 
the permanent vibration of the disturbing force 
applied, instead of the speed of the function. 
The value at the resonance peak represents the 
maximum value experience by the system in 
response to the oscillating frequencies. The 
maximum magnitude depends on the load 
applied when the frequency increases. The 
amplitude reaches a maximum value when the 
excitation frequency is equal to the natural 
frequency of the system. This will lead to an 
over damping in the system that can therefore 
lead to unity gain values of the system. [13].

The second plot shows the results using the TK-
40 Po lsder model. The maximum value of the 
resonance frequency increases by a factor of 
0.5 from the original model using a new phase 
margin between 0 and -90 degrees. Both models 
were run using similar initial conditions, and 
both resulted in similar gains as shown the 
phase angle vs frequency response and the 
tolerance in system delays. The delay can be 
an extra block in the forward path of the block 
diagram that adds phase to the system but has 
no effect on the gain. The approximations of the 
system delay using this method is error prompt, 
since the magnitude depends on the frequency, 
increasing the magnitude of the error for small 
frequencies values [14].

Graphic 2.Bode Plot- Suspension System with integrated 
TK-40 Polsder.

The response at higher frequencies need to be 
improved for the new design.

5. Conclusions

We presented a design, TK-40 Polsder that 
when added to an existing suspension system, 
improves the system load response vs. frequency 
at resonance.

The design presented for the “SRB”-Spring 
lateral sandwich has a simple geometrical form. 
This analysis is only based on mathematical 
calculations and the next step is to fabricate 
the part and submitted it to a rigorous 
measurements.
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