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Abstract :

Each tire has a critical speed at which a standing wave phenomenon occurs along the circumferential

direction. If the standing waves are formed, the tire temperature is rapidly increased and it leads to tire failure
eventually. As the formation of the standing waves is closely related to the tire stiffness, the effect of the tread pattern
needs to be studied numerically. The standing wave phenomenon of a tire model with tread pattern is predicted by an
explicit finite element method. The critical speed of the tire with tread pattern is in a good agreement with the
experiment and is 15~20 km/h lower than that of the tire without tread pattern. The effects of the inflation pressure and
the vertical load on the critical speed are also investigated by using the tire model with tread pattern.
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Fig. 1 Wave propagation in the straight string
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Fig. 3 Wave propagation in the circular membrane®

Critical Speed vs. Excited Mode

Wl \

-\

£ ol \

1. : N

Em ¢ \\x

1

Yode Number

Fig. 4 Wave propagation speed of each mode number in the
circular membrane
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Fig. 5 Finite element modeling of composite layers with
shell and solid elements®
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Fig. 10 Finite element models for standing wave analysis
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(c) Deformed shape at 220km/h
Fig. 12 Standing wave phenomena of the pattern tire model
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Table 1 Standing wave analysis results of the smooth and
pattern tire models
(inflation pressure : 20psi, vertical load : 475kgf)

. Simulation results Experiment
Version
Smooth Pattern results
Tire-A 190km/h 172km/h 175km/h
Tire-B 202km/h 182km/h 190km/h

Table 2 Standing wave analysis results according to inflation

pressure and vertical load change

Load(475kgf) Pressure(30psi)
Pressure Speed Load Speed
26psi 193km/h 404kgf 205km/h
30psi 199km/h 475kgf 199km/h
34dpsi 203km/h 546kgf 191km/h
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(a) Total energy variation according to the inflation pressure
change
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(b) Total energy variation according to the vertical load change
Fig. 13 Total energy variations according to inflation
pressure and vertical load change
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