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Analysis on Polygonal Wear of Automotive Tire
Based on Lateral Vibration of Tire Tread

LI Yong , ZUO Shuguang , LEI Lei , YANG Xianwu
(School of Automobile Studies. Tongji University. Shanghai 201804,
China)

Abstract: The nonlinear characteristic of tire’ s grounding
friction being considered, a dynamic model of the polygonal
wear of tire is established by using dynamical LuGre friction
model based on the lateral vibration of tire tread. Then the
stability of the system is analyzed, and the self-excited
vibration of the tire is proved to be a kind of stable periodic
vibration caused by Hopf bifurcation of system. The results
show that the polygonal wear of tire is a typical nonlinear self-
excitation vibration phenomenon which is related to lateral
vibration of tire tread and the polygonal number is equivalent
to the ratio of the lateral vibration frequency of tire tread to
the rotational frequency of tire. The ranges of speed and toe-

in-angle which can motivate self-excited vibration are given
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through simulation. The results show that the model can
interpret the formation mechanism of the polygonal wear, and
provide a theoretic foundation to reduce or eliminate the tire’

s self-excited vibration.

Key words: polygonal wear; LuGre friction model; self-

excited vibration; bifurcation; stability
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Fig.1 Theoretical model of self-excited vibration
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for tread-pavement
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Fig.2 Friction vibration model of tread
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Fig.4 Process of equilibrium points with the variation of Fig.6 Bifurcation diagram of the system with the

variation of p
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Fig.8 Vibration frequency of periodic motion
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