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A Study of the Dynamic Characteristics of a Passenger Radial Tire
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Abstract

The dynamic characteristics of a passenger radial tire were studied by the analytical method
and the experiments. The purpose of this study is to obtain the natural frequencies and the mode
shapes of a 2 ply steel belt radial tire fixed on the wheel in order to give datum of the dynamic
design of tire.

The governing equations are derived with the energy method. The composite toroidal finite
elements with three degrees of freedom at each node are defined by specifying geometry, internal
displacement functions, strain displacement and stress displacement relationships.

In order to verify the capability of the present analysis, the natural frequencies and mode
shapes of the passenger radial tire are obtained experimentally by using the multi-channel F.F.T.
analyser and compared the numerically obtained values. The results show that the analytically
obtained values are in good agreement with the experiment and in addition they are in line with

the Pott’s experimental results.
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Table 1 Typical values of elastic constants for ru-
bber of tire

Rubber skim stock |Y0u1}€gs modulus Poisson ratio

Ry Pa Vr
Textile body ply 5.5 0.49
Textile tread ply 21 0. 49
Steel tread ply 14 ! 0. 49
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Table 2 Typical values of Young’s modulus for tire
cord materials

Cord construction Young’s modulus

ey GP,

Belt ply

5X1X0.25mm steel 110

167/2 kevlar 25

184/3 rayon 11
Body ply

110/2 polyester 4.0

94/2 nylon 3.4
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Fig. 5 Cross section of passenger radial tire

Table 4 Elastic constants of cord-rubber materials

E. 0. 5149 x 10%kg/cm?
G. 0. 19806 X 10°kg/cm?
Ve 0.3

V. 0.11

E, 0. 16214 X 10%kg/cm?
G 0. 50476 X 10%kg/cm?
Yr 0. 49

Va 0. 89
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Table 5 The symmetric frequency comparison (m==2) at various pressure for 155 SR—13 of H. Co. Tire

"D 1 2 3 4 5

Freq(Hz) Test |Present] Test |Present| Test |Present] Test | Present! Test | Present

Press (psi) data l|analysis| data |analysis| data [|analysis| data |analysis| data l|analysis
0 32. 55 49. 84 57.25 94. 32 114.8

10 67.5  65. 38 85.0, 83.22 100.0 89.58 116.7 108.6/ 140.0 130.5

(58.9) (80.0) (96. 0) (112.0) (130.0)

20 73.7  72.26 93,7\ 90.41 111.2 102.5 131.2 118.7  152.5 142.3

30 8.2 78.63 106.2] 99.26 122.5 108.3} 148.7| 130.2 173.7 150.8

40 85.0] 86.45 112.5 109.2 130.0] 121.4| 158.7| 143.5 183.5 161.9

50 92.5/ 95.33 120.5] 118.4 137.5, 130.5, 170.0; 152.7 — 178.6

*(1) : Circumferential mode No. (1)
( ) : Pott’s results
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Table ¢ Tire symmetric and asymmetric frequencies
at 10 psi for 155 SR-13 of H. Co. Tire
(Frequencies : Hz X< 10?)

*D
% 0 l 1 2 ~ 3 4

0 0.4426{ 0.4852 0.9302] 1.042] 1.112
1 | 0.4438 0.5045 0.6538

2 | o624 07428 0.8322

3 0.8201! 1018 | 0.8958

4 1.318 | 1.086

5 1.395 | 1.305

t (1) : Meridional mode No. (m)
(2) : Circumferential mode No. (%)
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Fig. 15 Tire symmetric frequencies at 10 psi for 155
SR—13 of H. Co. Tire
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Fig. 16 Symmetric modes of 155 SR—13 tire of H. Co. by experimental results
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Co. by numerical results
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