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One of the important factors affecting road safety is the choice of the optimum in terms of 

stability and handling of the car, speed of movement on rough roads. The loss of controllability 

of the vehicle can also occur at low speeds, which is much lower in terms of stability due to 

the insufficient stability of the wheels in contact with the road. With strong vertical vibrations 

of the car caused by the disturbing effect of the road microprofile, the probability of the wheels 

coming off the road increases. Let's consider the calculated definition of the average probability 

of separating the wheels when driving on a road with a known spectral density of the 

microprofile. Based on the scheme of the two-mass construction, we write the equations of 

body vibrations: 0)()( =−+−+ iiПiiiПiiПi zCzkzm               (1) 

iШiШiiПiiiПHi qCCzCzkm =+−−−−  )()(   

where i is equal to 1 for the front axle and equal to 2 for the rear axle. 

m1 = mП b / L ; m2 = mП  a / L ; 

(a, b, L - distance from the center of mass of the body to the front axle and the vehicle base) 

where m N and m P - unsprung and sprung masses; 

kp, Sp and Ssh - shock absorber resistance, suspension and tire stiffness; 

z1 and z2 are vertical displacements of unsprung and sprung masses. 

Let's write the transfer functions from the road to tire deformations (2) and elastic suspension 

elements (3): 
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The spectral density of the perturbing action, in the most general case, is usually taken in the 

following form:  
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where 1=Vа 1; 2=Va2; 1 and 2 – road frequencies; 

From this spectrum of disturbances, a number of spectra can be obtained that approximate the 

spectra of disturbances for most types of roads.  

The spectral density of the input signal Sq() is related to the spectral density of the output 

signal Sвых() by the relation: 

  ),()()(
2

 qвых SiwS =                           (5) 

where )( iw - frequency transfer function of the system obtained by replacing the transfer 

function of the differentiation operator Р with the complex frequency i. 

The dispersion of the output signal is calculated by the formula:  
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Since the microprofile of the road is a normal random process, the distribution of the vehicle 

vibration parameters (according to the linear model) will also be normal. Assuming that the 

road microprofile is a stationary centered random process and has a normal distribution, using 

the formulas of statistical dynamics, one can determine the average number of wheel 

separations from the road. 

For a process with a normal distribution, the probability that the random process x(t) will 

exceed the level х(t)  is determined by the formula 
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Mathematical expectation of the number of excesses of the level  by a stationary random 

process per unit of time 
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Where −),( xxf   joint distribution density of processes x( )t and . 

For a normal process )(tx  is determined by the formula 
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а ),( xxf   is determined by the formula 
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Hence, the average number of wheel breaks per unit of time is determined by the formula: 
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Where n() – average number of breaks; x
2 , x

2 - dispersions of deformations and speed of 

tire deformations;   -zero tire deflection. 

On fig. Figure 1 shows the average number of rear wheel separations of the car depending on 

the effectiveness of the resistance of the shock absorbers, from which it can be seen that both 

a decrease in the effectiveness of the shock absorbers and their increase, associated, for 

example, with a low ambient temperature, leads to an increase in the probability of wheel 

separation from the road. Calculations have shown that the ratio of the sprung mass of the car 

to the mass of unsprung parts has a great influence on the probability of wheel separation from 

the road. Changing the payload in the body leads to a change in this ratio. So for the Nexia 

passenger car, this ratio for the rear axle varies from 5.86 to 9.72. Figure 5 shows the average 

number of rear wheel separations depending on the ratio of the car mass to the mass of unsprung 

parts. The probability of rear wheel separation for an empty vehicle is several times higher than 

for a vehicle with a full load. 

The conducted studies show that the microprofile of the road, the value of the payload and the 

technical condition of the car are important factors that should be taken into account when 

calculating the driving modes of the car. 
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Figure 4. Dependence on the average separation number of the rear wheels from the coefficient of resistance of shock absorbers: 1 

with anti-roll bar; 2 without stabilizer. 
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Figure 5. Dependence on the average number of wheel separation 

from the road, depending on the ratio M / mnp (passenger car with a gross weight of 1420 kg, 

the range of the load on the rear axle is 260 kg, unladen weight is 63 kg.) 
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