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Simulation of Road Surfaces Profiles by a Stochastic Parametrical Model
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Summary. Road irregularities have an important influence on the dynamic behavior of vehicles. Knowledge of their characteristics and
magnitude is essential for the design of the vehicle. The problem of interest is the simulation of road surfaces profiles because modern test
facilities and computer simulations of vehicle dynamics needs driving excitations. An import issue is the power spectral densities and the
approximation by analytical formulas. In the paper a stochastic parametrical nonlinear model of first order with bounded amplitudes will
be discussed. Some analytical and numerical results will be shown.

Road Surface Profiles

The road surface profiles are defined by 1SO8608 Mechanical vibration — Road surface profiles — Reporting of
measured data [1]. Figure 1 shows an example of a measured road.
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Figure 1: Measured road surface profile [1]

Stochastic Parametrical Model

The stochastic parametrical nonlinear model of first order

. 1 ’ .
Zt=(§dz—w0)zt+ Zg_ZtZO-Wt

with ¢ intensity of white noise, Z, the maximum amplitude, w, the corner frequency and W, the Wiener process with
the mean value E{dW,} = 0 and the variance E{dW?} = dt. The stochastic differential equation (Ito) is
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dZ, = —wyZ,dt + /zg — 7?2 odW, |Z:| < Zo

The Fokker Planck equation of the probability density function is

dp 0 o? 92
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The stationary solution of the density function can be calculated to
p() = C (2§ —z)(1ee/7) 62 < wy

The constant C fulfilled the normalization condition f_J'ZZO"p(z)dz = 1. The auto correlation function of the stationary

process Z, is
R,(¥) = af e~®ol"!
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Figure 3: Stationary density distributions p(z) Figure 4: Auto correlation function R, (t) with
with wy, = 10, Z, = 1 and different o o, = 1 and different w,

A numerical realization of the stationary process Z, with the parameters w, = 10, Z, = 1,0 = 0.5 and N = 10° time
steps shows figure 3.
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Figure 3: Numerical realization of the stationary process Z, (wo = 10, Z, = 1,0 = 0.5,N = 10°)
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