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3-D Vibration Modes of the Tire in Ground Contact and Its
Effects on Wheel and Axle When Excited by
a Vertical Impact at the Center of Contact Patch
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Abstract

Tire vibration modes are known to play a key role in vehicle ride and comfort characteristics.
Inputs to the tire such as impacts, rough road surface, tire nonuniformities, and tread patterns can
potentially excite tire vibration. In this study, experimental modal analysis on the tire with ground
contact are performed by impacting the tire in the radial direction at the center of contact patch. To
investigate which modes of tire influence the vibration of wheel and axle when the tire is in contact
with ground, the vibration characteristics such as frequency response functions, natural frequencies and
their mode shapes from tire to wheel/axle are examined.
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Table 1 Natural frequencies and wheel/axle mode shapes when the tire is in ground contact

Freq. wheel & axle
(Hz) | Y-Z plane | X-Y plane

wheel mode tire mode
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Table 2 The frequency and its magnitude of the
major modes that influence on the vibration
of wheel and axle, where the unit of the
magnitude is [107(mm/s’YN]

L . . Torsional
Z-direction | X-direction | Y -direction
mode

192Hz(5.45) | 165Hz(3.86) | 175Hz(4.60)
228Hz(1.73) | 179Hz(1.94) | 170Hz(3.41)
32Hz(1.45) 179Hz(2.38)
96Hz(1.21)

64Hz(0.98)

88Hz(4.48)
92Hz(2.94)
179Hz(2.35)
235Hz(1.32)
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