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MELBOURNE AUSTRALIA

Tire/road contact modeling for the in-vehicle noise prediction

Trong Dai VU"*; Hai Ping YIN'; Denis DUHAMEL"; Arnaud GAUDIN’; Zouhir ABBADI?

! Université Paris-Est, Laboratoire Navier (CNRS-ENPCTFAR), France
> PSA Peugeot Citten, France

ABSTRACT

A numerical model for the contact between a wheel-air-iistesm and a road surface is presented. The forces
calculated at the center of wheel are to be used in a full nigalenodel of a vehicle for the in-vehicle noise
prediction. The tire/road contact modeling is a difficukkdecause of the complex structure of the tire and
the roughness of the road surface. Two numerical approacbe®mpared to each other in the present study:
the first one solves directly the dynamic equation and thersione uses the static contact force to calculate
the vibration of the tire. The numerical results of the fera¢the wheel center have been compared to those
of measurements conducted by PSA Peugeot &itrdhe comparison shows good agreement in the low
frequency range up to 230Hz.

Keywords: Tire/road contact, in-vehicle noise I-INCE Glifisation of Subjects Number(s): 11.7.1

1. INTRODUCTION

The tire/road contact is one of the main sources of the inelemoise for passenger cars in the low
frequency rangel). However the experiments on tire/road contact are expeasid a full dynamic numerical
modeling is time consuming. Recently a multi-asperity ajpgh has been developp& 8) and the contact
pressure calculated by this approach is strongly cormlatth the rolling noise4, 5). In the present study,
two numerical approaches are compared to each other: therfessolves directly the dynamic equation and
the second one uses the static contact force to calculatéhitegion of the tire. The numerical results of
the forces at the wheel center will then be compared to thbsgeasurements conducted by PSA Peugeot
Citroén before concluding remarks.

2.  NUMERICAL MODELING OF THE TIRE/ROAD CONTACT

2.1 Displacement superposition

For a wheel rolling on a smooth road, we suppose that the mofithe wheel and tire is governed by the
following equation

g(us) =Fs (1)

whereus the displacement vectdfg the contact force between the tire and the smooth rg&la function
which links them.

The problem of rolling contact between a smooth tire and aotmamad can be solved by using Abaqus.
Figure 1 shows an example of the force calculated at the vaeeeér.

In order to study the contact between the tire and a rough, imae can add a small oscillatianto us,
then equation (1) becomes:

g(us+u) =F¢ 2

whereF is the contact pressure between the tire and a rough roatsuiffhe last equation can be linearized
in the following way :
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Figure 1 — Vertical force calculated at the wheel center.

The tangent stiffness matrix is defined by the following gt

17}
g =K @
From the last four equations one deduces
K u= FC - FS (5)

2.2 Full dynamic model

By adding the mass and damping terms, the dynamic motiontieguat a wheel-air-tire system can be
obtained,

where the matricell, K andC are the mass matrix, stiffness matrix and damping matrigeetvely. Their
components are extracted from Abaqus. The following cdrt@editions are to be satisfied in the tire/road
contact zone,

uxi =0, Wi=0, Uz = froaa(X,¥)—2Z(X.Y;) and F’>0 ()

whereX;, Y; represent the longitudinal and lateral positions in the impveference of the car. In the contact
zone, the tangential displacement is neglecteg € uy; = 0). The functionf;oaq (X, Yi) andzi(X,Y;) rep-
resent the road surface and the tire height respectively.ritihmal displacement continuity is satisfied and
compress normal fordéY is supposed to be positive.

By using Newmark method, one solves the following equatistgad of equation (1),

Kdlf|:|:h+|:c*|:s (8)

whereK 4 is the dynamic stiffness matrix defined by Newmark methodmnithe historic force.

The last equation has been solved by using Matlab for a tilegoon a cleat as shown in figure 2.
The longitudinal and normal forces at the wheel center haenlzalculated and their spectrums are shown
in figure 3 by the blue curve. The red and black curves show tsasorements on two different tires. The
numerical results agree qualitatively well with the expental results. However the computation lasted more
than one day which is too long for industrial applications.

2.3 Two-step static-dynamic model
The contact force in static conditions can be calculateddbyirsy the following equation.

Ku:FC_Fs (9)
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Figure 2 — Tire rolling on a cleat.
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Figure 3 — Spectrums of the longitudinal (left) and vertigadht) forces, red and black curves showing the
measured results for two different tires, the blue one shgwhe numerical results.

For low frequencies, the static and dynamic contact forcessapposed to be close to each other. At
constant speed, the longitudinal position iX(t) = Vt, then the static contact pressure and the displacement
are transformed into time functions

Fc(VtaY<t)) = fc<t)v UC<Vt7Y(t)) = Uc<t) (10)

The spectrums of the displacemegtand the forcd; at one point are shown in Figures 4 and 5.
The dynamic response of the tire to the excitations caledlat static conditions is the solution of the
following equation :

{ MG+ CU+ K u = fo(t) a1

ulmP = yg(t)

This equation has been solved by using the method of Lagramdjgpliers for frequencies from 0 to
400Hz with a frequency resolution of one Hertz. The cal¢oiatasted 4000 secondes (1.1 hours) which is
to be compared to 30 hours for the full dynamic calculatiome $pectrums of the longitudinal and vertical
forces calculated at the wheel center by using the two methoglcompared in figure 6. The red and black
curves show the results of the full dynamic method and twp static-dynamic method respectively. The
curves are close to each other in the frequency range fron28adz.

3. CONCLUSIONS

A numerical model for the contact between a wheel-air-tigtesm and a road is presented. The forces
calculated at the center of wheel would be used in a full nizakmodel of a vehicle for the in-vehicle noise
prediction. Two numerical approaches are compared to et m the present study: the first one solves
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Figure 4 — Spectrum of the displacement imposed at one point.
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Figure 5 — Spectrum of the force imposed at one point.
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Figure 6 — Longitudinal (left) and vertical (right) forcealculated at the wheel center by using the full
dynamic model (red curves) and two step static-dynamic intkck curves).
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directly the dynamic equation and the second one uses tiectatact force to calculate the vibration of the
tire. The two models are applied to the problem of a tiremgllon a cleat and they give similar results of the
forces at the wheel center but the two step static-dynamigeine much less time consuming. Finally the
numerical results have been compared with those of measutsroonducted by PSA Peugeot Géno The
comparison shows good agreement in the low frequency rapde B30Hz. The application to real rough
road surfaces is in progress.

REFERENCES
1. Iwao K; Yamazaki l. A study on the mechanism of tire/roatsa0JSAE Review. 1996;17(2):139-144.

2. Cesbron J; Yin HP; Anfosso-Lédée F; Duhamel D; Le Houédp&déhg Z. Numerical and experi-
mental study of multi-contact on an elastic half-space.ertmtional Journal of mechanical Science.
2009;51(1):33-40.

3. Dubois G; Cesbron J; Yin HP; Anfosso-Lédée F. Numericaluation of tire/road contact pressures using
a multi-asperity approach. International Journal of meatel Science. 2012;54(1):84-94.

4. Cesbron J; Yin HP; Anfosso-Lédée F; Duhamel D; Le Houéddexperimental study of tire/road contact
forces in rolling conditions for noise prediction. Journ&Sound and Vibration. 2009;320(1):125-144.

5. Dubois G; Cesbron J; Yin HP; Anfosso-Lédée F; Duhamel DatiSical estimation of low frequency
tyre/road noise from numerical contact forces. Applied éstics. 2013;74(9):1085-1093.

Inter-noise 2014 Page 5 ob



	Introduction
	Numerical modeling of the tire/road contact
	Displacement superposition
	Full dynamic model
	Two-step static-dynamic model

	Conclusions

