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Abstract— A vehicle suspension system is required to 

improve ride comfort and road handling. In current article it 

is simulated and analyzed the handling and ride performance 

of a vehicle with passive suspension system, quarter car 

model with two degree of freedom. Since, the equations of 

the system can be solved mathematically a scheme in 

Matlab Simulink and also in state space has been developed 

that allows analyzing the behavior of the suspension. The 

scheme that was created in Matlab Simulink, can be 

introduced excitation signals, this case a step signal. 
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I. INTRODUCTION 

The vehicle suspension system differs depending on the 

manufacturer which ensures a wide range of models. 

Whichever solution is adopted to design, a suspension 

system has the primary role to ensuring the safety function. 

It is known that road unevenness produce oscillations of the 

vehicle wheels which will transmitted to their axles. It 

becomes clear that the role of the suspension system which 

connect the axles to the car body is to reduce as much 

vibrations and shocks occurring in the operation. This 

causes, the necessity to using a suspension of a better 

quality. A quality suspension must achieve a good behavior 

of the vehicle and a degree of comfort depending on the 

interaction with uneven road surface. When the vehicle is 

requested by uneven road profile, it should not be too large 

oscillations, and if this occurs, they must be removed as 

quickly. The design of a vehicle suspension is an issue that 

requires a series of calculations based on the purpose.  

Suspension systems are classified in the well-

known terms of passive, semi-active, active and various in 

between systems. Typical features are the required energy 

and the characteristic frequency of the actuator. Passive 

system are the most common. So far, several models have 

been developed, such as quarter car, half car or full car 

suspension. The following references will be made to the 

model suspension quarter car, passive suspension system. 

For practical purposes, the QCM (Quarter Car 

Model, see Fig. 1) is the vehicle model that can effectively 

be used to study the dynamic interaction between vehicle 

and road roughness profile, and therefore in the study of 

vibrations generated by road traffic. By combining the 

masses values m, the stiffness constant k and damping c of 

the QCM, it is possible to model any type of road vehicle: 

car, bus or truck. 

With reference to Fig. 1, the QCM equations of 

motion are: 

 
Fig 1: Quarter Car Model 

{
𝑚𝑠 ∗ �̈� = −𝑐𝑠 ∗ (�̇� − �̇�) − 𝑘𝑠 ∗ (𝑧 − 𝑦)                             

𝑚𝑢 ∗ �̈� = −𝑐𝑠 ∗ (�̇� − �̇�) − 𝑘𝑠 ∗ (𝑦 − 𝑧) − 𝑘𝑡 ∗ (𝑦 − ℎ)
  (1) 

The parameters[3] used are: 

Parameters Car Bus Truck 

Sprung mass 𝑚𝑠 (kg) 400 4000 4500 

Unsprung mass 𝑚𝑢 (kg) 40 550 650 

Suspension stiffness 𝑘𝑠 

(N/m) 
21000 320000 570000 

Suspension damping 𝑐𝑠 

(Ns/m) 
1500 10000 21000 

Tire stiffness 𝑘𝑡 150000 1700000 3000000 

Table 1: Parameters for QCM used for simulation 

The equations of motion can be obtained using the 

Newton's second law for each of the two masses is in 

motion and Newton's third law of their interaction. 

 Also it should be noted that the parameter h = input 

excitation to the model, y = unsprung mass displacement 

and z = sprung mass displacement 

II. MATHEMATICAL MODELLING 

One method of modeling the suspension system is using the 

general form of the State-space model: 

�̇� = 𝐴𝑥 + 𝐵𝑢 

�̇� = 𝐶𝑥 + 𝐷𝑢    (2) 

The state space model of QCM is derived as follow[2]: 

Taking 𝑥1 = 𝑧, 𝑥2 = 𝑦, 𝑥3 = �̇�, 𝑥4 = �̇� as the state 

space variable, the state vector will be: 
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 , 

𝐵 =

[
 
 
 
 
0
0
0
𝑘𝑡

𝑚𝑠]
 
 
 
 

 ,  𝐶 =

[
 
 
 
 
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1
1 −1 0 0]

 
 
 
 

 , 

𝐷 = [0]     (3) 

  Another method is to use MATLAB Simulink 

block for the equation provided for the QCM. 
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Fig. 2: Simulink Model for Quarter Car 

  The Simulink model is made using equation (1) for 

Quarter Car Model (QCM). 

  Given the input parameters that we run the program 

and the graphical representation of the system of equations, 

we can calculate the mass movements of the vehicle and its 

suspension. In Fig. 3 is presented car body displacement, it 

is noted that the excitation signal on mass m1 displacement 

typically occurs over a period of 15s after the oscillation 

amplitude is zero.  

  In terms of comfort, passenger severe amplitudes 

persist during the 10s minimal except that the first 

oscillations are strongest. Also the deflection of the masses 

are been observed, to understand the process. 

III. RESULTS 

The following results were obtained from the simulation and 

the state space model. Both the results were identical as 

expected. The input excitation is step type of amplitude 0.2. 

As expected the number of oscillation increases as 

mass increases. Also the displacement get stabilized after 

some time as expected and as per the theory. 

 
Fig. 3: Displacement of sprung mass for case1 

 
Fig. 4: Displacement of unsprung mass for case1 

 Fig. 5: Displacement of sprung mass for mass 1000kg 

Sr. 

No. 

Sprung 

Mass 

Unsprung 

Mass 

Parameters 

Rise 

Time 

Oversh

oot 

Settling 

Time 

1 500 50 0.1597 60.4291 3.2045 

2 700 50 0.1965 64.5816 4.4189 

3 900 50 0.2273 67.5546 5.7023 

4 1000 50 0.2411 68.7621 6.6670 

5 500 150 0.1460 61.4221 3.2145 

6 700 150 0.1854 66.1022 4.4280 

7 900 150 0.2146 68.3433 5.7114 

8 1000 150 0.2275 69.6006 6.6815 

9 500 250 0.1257 66.3845 3.2244 

10 700 250 0.1677 66.0639 4.4369 

11 900 250 0.2066 69.6230 5.7205 

12 1000 250 0.2222 71.1023 6.6953 

13 500 350 0.1217 66.5714 3.2340 

14 700 350 0.1522 71.0963 4.8830 

15 900 350 0.1877 70.0105 6.2435 

16 1000 350 0.2058 69.9822 6.7085 

Table 2: Transient Response Results 

 
Fig. 6: Deflection of sprung and unsprung mass 

The deflection between the wheel and the 

suspension is important for the study of passenger comfort. 

The fig. 6 shows the deflection results and it is clear from 

that there is a jump when excitation is provided, this is 

expectable. 

The parameters in Table 2 are calculated 

considering the important terms in control i.e. Peak, Settling 

time, overshoot and Rise time. On the basis of this 

calculation the conclusion is obtained. 
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IV. CONCLUSION 

In this paper we presented, modelling and simulation of a 

passive suspension system, a system that is most commonly 

used. To verify the accuracy of modeling were used State 

Space model is also made. 

  Results obtained, using both methods with the 

same parameters of the suspension system, are identical. 

  Step type signal was used for a broad application of 

the suspension system. This signal can be modified, for 

example, a sinusoidal or any required signal. If sinusoidal 

signal is used it is necessary to provide the velocity of the 

vehicle. 

  Also it has been observed that the passive 

parameters are generally fix and cannot be changed except 

the mass (sprung). By changing the mass we observed that 

the oscillations are increased for both sprung and unsprung. 

It is also observed, from Table 2, that the peak for sprung 

mass displacement is reduced and that for unsprung mass is 

increased, for different sprung mass and unsprung mass. 

  The parameters of a passive suspension system are 

generally fixed, being chosen to achieve a certain level of 

compromise between road holding, load carrying and 

comfort. 
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