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Modeling and Analysis of Tire Uniformity Based on Rigid-Flexible
Coupling Ring Model
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WEI Yintao ,LIU Zhe ~~, WEI Sheng”, CAI Zhixing,LU Bo
(1. State Key Lab Automotive Safety and Energy, Tsinghua University, Beijing 100084, China; 2. Chair of Vibroacoustics of Vehicles and
Machines, Technical University of Munich, Munich 85748, Germany; 3. Shandong Linglong Tire Co. ,Ltd,Zhaoyuan 265400, China)

Abstract: In the tire manufacturing process, uneven structure, material, and mass distribution would
inevitably occur. Even if a car was running on a smooth road, the non-uniformity of the tires could cause
fluctuations in the axial force, and the high-order harmonics of the axial force caused by the tire non-
uniformity might also cause noise problems inside the vehicle. Based on the rigid-flexible coupling ring
model, a theoretical model was presented for analyzing the characteristics of the dynamic responses caused by
the geometric non—uniformities of tires. The influence of the mass imbalance and radial dimension deviation
were taken into consideration in this model, and the pressure distribution on the tire-road contacting area and
the length of the footprint under different vertical loads were obtained. Furthermore, the fluctuation of the
longitudinal and radial forces was analyzed and verified by the experimental data. The results showed that the
model established by this work could well describe the response of force caused by the tire non—uniformities
and predict the influence of the radial dimension deviation on the radial force variation at low speed.

Key words: tire ; uniformity ; radial force variation;radial run—out;rigid—flexible coupling ring model



