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1. Introduction

Solution of the problems of vehicle road interacticepresents an actual task of
structural dynamic. One of the recent collected kywatedicated to this subject, was
published by D. Cebon in 1999, [1]. The currentrapph to these problems results from
mutual combination of numerical and experimentgprapches. Numerical methods at
present offer an effective tool for the solutiontbis problem. If the input values are put
into calculation in accurate magnitudes, verifigdelxperimental measurements, the results
of numerical calculations correspond to the resoltained in an experimental way.
Contemporary state of computing technique enable®live above mentioned problems in
real time using various software packages for exaryATLAB. The results obtained
from numerical and experimental analyses are ugethé process of construction of
transport means and in relation to passengers @heyfocused on the ride comfort of
passengers and on the design of optimal paramefetsyway with respect to its lifetime
and reliability.

2. Computing model of a vehicle

The computing models of vehicle suitable for nucarisolution of the vehicle road
interaction problem can be created on various lefeglomplexity — full space model, half
plane model or quarter model. The quarter modethenFig. 1 is used for the purpose of
this contribution. Quarter model is the simplest mostly used in praxis. This model
concisely modeled the dynamic effect of one halboé axle on the road. The model has
got 3 degrees of freedom, 2 mass degrees of freeshmhl mass-less degree of freedom.
Mass-less degree of freedom corresponds to thealemiovements the contact point of the
model with road surface. Vertical vibration of massntsm; andm, is described by two
functions ri(t) and r,(t). The differential equations for the calculatioh tbe unknown
functionsry(t) andr,(t) can be written as

P (8) ={=ky Dr, (t) = ro (O - b, [F, (1) - F, O/ my, (1)
F (£) = {+k, [ () = 1, (0] — k; Qr (£) — h(®] + by [, () =, (O] - b, [, () = hOT /m, . (2)
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The contact forc& belongs to the mass-less degree of freedom. Ibeaxpressed as

F(t) =G~ k, Ir,(t) - h(t)] - b, F,(t) - h(t)] ®3)

Th(x)

Fig. 1 Quarter model of a vehicle

3. Periodically repeated road unevenness

Periodically repeated road unevenness is advisgabi®del by sine or cosine functions
[2], Fig. 2 and Fig. 3.
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Fig. 3 Periodically repeated road unevenness istiape of cosine function

Such waves can be mathematically described bywiollgp expressions

h(x) = £h, [8in

(]TD() eventuallyh(t) = £h, Sin(w) . (4)

0
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h(x) = i% [20h, - COS(ZZDTT?()) =zxh, [@- cos(ﬂl—D()) eventually

h(t) = +h, (1 - cosw)) . (5)
In the expressions above
x=clt, w=rmlkll,, (6)

wherehy is the height of the sine half-wave in [rh]is the length of the sine half-wave in
[m], x is the length coordinate in [nt]js time coordinate in [Sk is the speed of vehicle

motion in [m/s] andwis the angular frequency in [rad]s
In order to guarantee one-point contact betvibe wheel and the road as seen on Fig. 4

instead of two-point contact as seen on Fig. 5agentelation between quantitieshy, 1o
should be kept. At the given radiusind the height of the sine half-walgit must obey

the following relation

l, 2 mfh, T . 7)
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Fig. 4 One-point contact between the wheel anddhd

Fig. 5 Two-point contact between the wheel and ttael
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4. Results of numerical simulations

Results of numerical simulation of quarter modeltiom along periodically repeated
unevenness in the shape of 10 cosine waves watlettgth of 1 cosine wavelZ= 1,2 m
and with wave depth B; = 0,04 m are presented. For the wheel radias0,5 m and the
wave depth 2y = 0,04 m is the limit length of cosine wavdy2= 0,6283 m which is
smaller value than assumedy2: 1,2 m . At higher speeds of vehicle motion tbatact
between wheel and road is lost. At the above dedldimensions of unevenness the loss of
contact appears at speed approximately 30,5 knghBFFig. 7. The results for thé' and
the 2 critical speeddy) = 5,642464 km/h an¥l(, = 38,824232 km/h are presented in the
Fig. 8 and Fig. 9.

5. Conclusions

Numerical modeling of the problems of interactiogtvbeen vehicle and runway is an
effective tool for the solution of real tasks ofgareering practice. Quality of obtained
results is dependent on the quality of input d&itee present state of computing technique
enables the numerical processing of solved problamsal time. From the practical point
of view the influence of periodically repeated uaeness is interested.
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Fig. 6 Quarter model, 10 CW — 1,20 x 0,04 m, V 553Im/h
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Fig. 7 Quarter model, 10 CW — 1,20 x 0,04 m, V 504m/h
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Fig. 8 Quarter model, 10 CW — 1,20 x 0,04\up, = 5,642464 km/h
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Fig. 9Quarter model, 10 CW — 1,20 x 0,04 ¥, = 38,824232 km/h
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POHYB VOZIDLA PO PERIODICKY SA OPAKUJUCICH
NEROVNOSTIACH CESTNEJ KOMUNIKACIE

Resumeé

Predkladany prispevok je venovanyéasnym moznostiam modelovania problémov
interakcie vozidiel s jazdnou drahou. Sleduje dyickgnspravanie sa vyptmového modelu
vozidla pri pohybe po periodicky sa opakujlcich aweiostiach cestnej komunikacie.
Siasny pristup krieSeniu tychto problémov vychadza wéjomnej kombinécie
numerickych a experimentalnych postupov. Numericilgiody uz v séasnosti poskytuji
Gcinny nastroj na rieSenie tohto problému.



