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Abstract. The goal of the paper is to present an application of the software 

MB_DYN inbuilt in MATLAB for stochastic response of the chosen vehicle 

computational model. The input kinematics parameters will be road irregularity with 

random character. The dynamic model parameters are considered as deterministic. 

The analysed vehicle model assumes 10 DOF. The stochastic response in time and 

frequency domain was solved by program MB_DYN in MATLAB using Monte Carlo 

method. Applying the simulation techniques the influence study of the vehicles speed 

and road quality in chosen points was realised. 

Keywords: MATLAB, stochastic dynamics, vehicle speed, road quality  

1 Introduction  

The software MB_DYN has been successfully applied by authors several years ago in 

industrial and academic research areas. The software has been given for the dynamic 

analysis of multi-body mechanical systems. It comprises the computation of the symbolic 

equations of motion (using Matlab) and the simulation of the dynamic behaviour [1].  

The dynamical analysis of a mechanical system starts with the modelling process. The 

real physical system is approximated by an idealized model [2, 3].  

The input data for MB_DYN have to be entered in input files prepared with prompts 

and comments. The user has to provide only simple expressions for the description of 

kinematics and mass distribution with respect to arbitrary reference frames. Observation 

points allow the determination of position, velocity and acceleration of arbitrary points of 

the multibody system.  

2 Vehicle dynamic model 

Dynamic and computational model of the car was created in MB_DYN. The dynamic 

model (Fig. 1) was built-up from elements defined in the Table 1, 2, 3. The necessary 

geometry parameters of the vehicle are presented on Fig. 2. 
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Table 1. Six rigid bodies, of mass and rotary inertia concentrated in the centre of gravity of each body 

m1 [kg] m2 [kg] m3 [kg] m4 [kg] Ix1 [kg.m2] Iy1 [kg.m2] Ix3 [kg.m2] Iy3 [kg.m2] 

1130 42.5 25 42 504 1840 0.8 0.5 

 

Table 2.Linear springs elements 

k1 [N/m] k2 [N/m] k3 [N/m] k4 [N/m] k5 [N/m] 

200000 15500 23300 250000 180000 

 

Table 3. Damping elements 

b2 [kgm2s-1] b3 [kgm2s-1] b4 [kgm2s-1] 

1130 42.5 25 

 

 

 

 

Fig. 1. Dynamic model of vehicle 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

3 Description of kinematic excitation    

Generally we can found three different sorts of roadway roughness, i.e.  

- local extreme unevenness, 

- regular unevenness, 

- irregular unevenness. 

The two unevennesses mentioned first are deterministic and may be described 

geometrically. The irregular unevenness however are random and their probabilistic 

idealization involves the use of the theory of stochastic processes [4-6]. 

An appropriate mathematical modelling of these irregularities of the pavement surface 

can be based on the concept of stationary stochastic process, whose probabilistic structure 

can be conveniently described by the corresponding power spectral density function (PSD) 

[7-10]. According to the International Organization for Standardization (ISO) 

specifications, this power spectrum can be represented by an exponential function 
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The coefficient S (Ω0) and the exponent w are two parameters that depend on the 

characteristics of the roadway roughness [11-18]. Table 4 presents usual values of S (Ω0) 

for different qualities of pavement, assuming  Ω0 = 1(m
-1

) and w = 2. 

The generation of an artificial discrete profile of the pavement surface can be performed 

based on the previous knowledge of the power spectral density function S(Ω), assuming 

such a profile given by a Fourier series, as follows: 

 iii wSxuu  001 ΩΔ , (2) 

  

Fig. 2. Geometry of vehicle 
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where function wi(t) is a zero mean Gaussian white noise process with the power 

spectral density S = 1 (m
2
s

-3
): 
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Parameter i  is a frequency within the interval of relevant spectral content, i  is random 

phase angle with uniform distribution in the interval [0, 2], i  is a frequency increment 

and n is the total number of harmonic waves considered. The simulation of the random 

response of the vehicle was realized in 8000 discrete points. These simulated road distance 

was 2 km. 

Table 4. Usual values of S (Ω0) for different qualities of pavement, assuming Ω0 = 1 (m-1) and w = 2. 

Quality of 

pavement 
S(0) [cm3] 

lower limit mean value upper limit 

very good 0.5 1 2 

good 2 4 8 

average 8 16 32 

poor 32 64 128 

very poor 128 256 512 

4 Results    

The final goal of this study was to realise the influence analyse of the vehicles speed and 

roadway roughness on the acceleration in chosen points of the car. The grafic presentation 

of the results is on Figs. 3, 4, 5, and 6.  On illustrate, the power spectral density for speed 

60 km/h and third degree of roadway quality is shown on figures 7 and 8. The study can 

attend as a guide for signification analysis in vehicle dynamics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Influence of the speed and roadway 

roughness on the acceleration 

Degree of quality Speed  

Standard deviation of 
acceleration 1 

Fig. 4. Influence of the speed and roadway 

roughness on the acceleration 

Degree of quality Speed  

Standard deviation of 
acceleration 2 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

The paper has been form on the base of the collaboration of departments of mechanics of 

universities in Zilina and Stuttgart. The aim was to propose the methodology of the solution 

of multibody dynamics systems by software packages NB_DYN. The main scientific goal 

was to present numerical study of the speed of movement and road quality influence on car 

Fig. 6. Influence of the speed and roadway 

roughness on the acceleration 

Degree of quality Speed  

Standard deviation of 
acceleration 4 

Fig. 5. Influence of the speed and roadway 

roughness on the acceleration 

Degree of quality Speed  

Standard deviation of 
acceleration 3 

Fig. 7. Power spectral density of 

acceleration in point 1 
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Fig. 8. Power spectral density of 

acceleration in point 2 
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vertical vibrations. The study can attend as a guide for signification analysis in vehicle 

dynamics.   
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