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A Study on the Vibration Characteristics of Passenger Car Radial Tire
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ABSTRACT

The vibration characteristics of radial tire are studied. In order to obtain theoretical natural frequency

and mode shape, the plane vibration of a tire is modeled to that of circular beam. By using the Tielking

method based on Hamilton's principle, theoretical results are determined by considering tension force

due to tire inflation pressure, rotational velocity and tangential, radial stiffness. Modal parameters

varying the inflation pressure are determined experimentally by using the transfer function method.

Results show that material property and wear are parameter for shifting of natural frequency and

damping.
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Fig.1 Vibration transmission path from tires
to passenger
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Fig.2 Circular beam model for a pneumatic
tire.
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Fig.3 Schematic diagram of tire vibration test.
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Fig.4 Experimental result of tire vibration test in time domain.

562 E+0 e e L 8008
52 _E+ TF Mag ag ¥ 8cal
T T - T T —l 562.E40
177 .E+D
56.28+0
a
T e — 17.7E+0
5.B2E40
/£ 1.78E+0
. 552.E-3
] A S
VI‘ﬁ“ﬁ “x,'i\ bl W 177 .E-3
| ! 56.2E-3
0.00 Kz F: 75,5000 F00.00 HZ
r:BOO. mHz A 9.02E+0 Lin X
1.00E+0 Hherancs tin ¥
. - Eg‘ngl"!n:l n 3 1. 00E+D
T T} 900.£-3
;‘ 800.E-3
. { = 700.E-3
N AT !
b ‘H AI!NI«W . £00.E-3
NI R
T M LR 500.E-3
e 400.E=3
L _Iw - } : 300.6-3
@}"M I "l’ 200.E-3
! 3 100.E-3
i I 0.00E+0
0.00 Hz F: 75.500¢ 200.00 HI
PL50D. mHZ AL 9R3TE-3 Cin X

(a) Magnitude/coherence of transfer function

32, 0E+0 Gn+ N

- QE+ n L] Lin ¥
T 1T 1 b

1 7 -

19, 2E+0

= T —| 12.8E+0

: i 6.40E+0

<2 . 0.00E+0

6. 40640

-12,8E+0

T

Vi -13.2E40

-25,6E+0

-32.0E+0

g

0.00 Hz F: 7%.%0000 #00.00 Hz
£ 500, mHz Re: —4,20E~+0 Lin X

- NEHDRV Ap
F4,0E+0 Gnid TF _Immginer Lin v

B4.0E+0
51,8840
38.4E+0
25,6640
4 A 12.BE+0
_ kS =| 0.00E+0
= - —i -12.BE+Q
/ ~ 26 GE+0
-38. 4E+0
51,2640
-64.08+0

Q.00 Hx F: 75.50000 200.00 Hz
P 500, mHz Im: -7 .94E+0 Lin X

(b) Real/imaginary part of transfer function

Fig.5 Experimental result of tire vibration test in frequency domain.
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Table 1 Summary of experimental results
Test Tire Condition Pressure |Natural Freq. f, f, Q Damping
P175/70R13 I ¢ 26psi 78.0Hz 735 80.5 11.02 0.045
m
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AAl R & Weared )
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P175/70R13 26psi 78.5Hz 73.0 80.0 10.95 0.046
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(b) Experimental

Fig.8 Mode shape of test tire.

Table 2 Natural frequencies of test tire

Test Tire
P175/70R13 A+AAE(1)

Measured (Hz) 78.00 [100.00{ 122.00

26ps ..................................................................
Calculated (Hz) 7787 | 9830 117.28
sopsi Measured(Ho) | 80.50 105,00, 128,00
Calculated (Hz) 80.85 102.07 | 120.85
35psi Measured(Hz) | 8450 |106.00 | 140.00
Calculated(Hz) 82.14 1103.72| 12241
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