
Nonlinear vibrations of a grooved cylinder rolling on a smooth
surface

Zakaria Knar∗†‡, Jean-Jacques Sinou† Sébastien Besset† and Vivien Clauzon‡
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École Centrale de Lyon, 69134 Ecully Cedex, France
e-mail: jean-jacques.sinou@ec-lyon.fr, sebastien.besset@ec-lyon.fr

‡ Michelin Campus RDI
Rue Bleue, 63118 Cébazat, France
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ABSTRACT

Simulating the full dynamic response of a rolling sculpted tyre requires not only taking into account
various non-linearities but also considering the multi-scale nature of the dynamic response itself [1].
On one hand, there is the macroscopic rolling dynamic behavior that operates around the rotating
frequency with relatively high amplitudes. On the other hand, the vibratory response operates in a
larger frequency window with relatively low amplitudes. In fact, the road roughness and the tyre’s
groove resonance represent the mechanisms that excite the vibratory response [2].
A straightforward strategy consists in using an energy-conserving stable time integrator that will
give the multi-scale dynamic response and the vibratory field will be extracted using signal pro-
cessing techniques. However, using an high order stable scheme with acceptable time steps remains
challenging. Another strategy consists in performing the simulation via a two-steps approach [3] to
separate the dynamics operating at different scales. This study proposes to provide a contribution
to this approach. Therefore, a numerical strategy to simulate the nonlinear vibrations of a grooved
cylinder rolling on a smooth surface using a two-steps approach will be presented. The method
was originally proposed by V. Valyaev [4] for solids operating under small deformations regime.
Firstly, a nonlinear quasi-static simulation is performed to avoid using a high order stable numerical
scheme capable of handling the considered nonlinearities (geometrical nonlinearities, constitutive
law, contact). Afterward, the non-stationary equations of motion are linearized using the quasi-
static response as a reference point. The nonlinearities treated in the quasi-static simulation will
be described, the numerical techniques, used to solve the quasi-static and dynamic problems, and
the numerical results will be presented and discussed.
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