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A study on vibration characteristics of passenger car tire
under the static load

I1-Dong Moon*, Tae-Keun Lee*, Dong-Pyo Hong**, Byoung-Sam Kim***

ABSTRACT

We treat the vibrations of circular beam and make use of the method employed by
J.T.Tielking, which is based on the principle of Hamilton. The Hamilton’s principle requires
the determinations of the potential and the kinetic energy of the model as well as done by
internal pressure forces, The potential energy is composed of a part due to elastic deforma-
tions of the beam and a part due to radial and tangential displacements of the tread band
with respect to the wheel rim.

The equations of motion for such a model are derived by reference to conventional energy
method. The accuracy of the expressions is demonstrated by comparison of calculated and
experimental natural frequencies for circular beam.

The circular beam experiences a harmonic, radial excitation acting at a fixed point on the
beam. Modal parameters varying the inflation pressure and load are determined experimental-
ly by using the transfer function method.

Key Words : Hamilton's Principle @2® €2]), Circular Beam (#3t5), Natural Frequency (3L
A%4), Mode Shape @%%), Transfer Function Method (H@d5%)
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Fig. 1 Circular beam model for a pneumatic tire
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Table 1 Size of sample tire (P175/70R13)

Width of Thickness | Mass per Inertia
Radius:r(m) | treadband: |of tread band] unitlength: | moment:
b(mm) h(nm) ke /mm) I(om*)
274.00 124.00 4.90 2.67 0.122
Table 2 Physical properties of sample fire
Tire Radial Tangential Young Tension:
pressie: stiffness: stiffness: modulus: T(k;)n'
pligt/m?) kelkgf/m) ke(kgf/m) | Elkgt/m?)
1.75%10¢ 128 10F 303.06
203104 139X 1¢F 247 %10 51 % 10° 34694
22510 1.53 X 10° 389.80
245x10¢ 137 x 10 429.59
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Fig. 2 Schematic diagram
tire by impact hammer under non-rotating
and unloaded condition
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Fig. 3 Schematic diagram for a vibration test of
tire by impact hammer under non-rotating
and loaded condition
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PFig. 4 Transfer of input acceleration to remote
parts of tire
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Table 3 Summary -of experimental results of free-free condition

Mode number
Tire pressure(kgf/m?) s=1 5=2 5=3 . s=4
measured(Hz) 95.00 117.00 130.00 153.00
175 calculated(Hz) 89.46 111.07 123.82 13622
measured(Hz) 99.00 122.00 136.00 160.00
20 calculated(Hz) 93.05 116.26 13001 143.38
measured(Hz) 10350 129.00 142.00 17400
25 calculated(Hz) 97.23 122.12 136.79 151.00
meastired(Hz) 110.00 135.00 160.00 184,00
24 calculated(Hz) 10272 12957 145.07 159.88
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Table 4 Summary of experimental results of increasing load and tire pressure

Pressure(kgf/m?)
Load(kgd 140%10¢ 175% 10+ 210X 10" 245%10°
measured(Hz) 1025 1085 1150 120.0
150 calculated(Hz) 95.7 977 9.2 102.8
measured(Hz) 107.5 110.0 117.5 1225
300 caleudated(Hz) 97.5 1003 102.9 1059
measured(Hz) 1115 1125 1195 125.0
40 calculated(Hz) 100.6 103.5 105.8 1085
measured(Hz) 115.0 120.0 1235 1275
600 calenlated(Hz) 103.5 105.6 109.5 1118
7 27t fAgS B g,
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Fig. 7 Variation of natural {requency and damping
ratio increasing the load and tire pressure
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8 Mode shape of tire
{a) Mode shape of simulation.

(b) Mode shape of free-free condition. (tire pressure : 30psi)
{c) Mode shape of applied load condition. (load :300kgf)
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