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An Experimental Study on the Measurement of Radial Directional Natural
Frequency in a Passenger Car Tire Rotating under the Load
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Abstract

Frequency Response Function Method (F 3}

)

Radial Directional Natural Frequency

The measurement of radial directional natural frequency in a passenger car tire rotating under

the load is 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. Radial directional modal

parameters varying with the inflation pressure, load, rotational velocity are experimentally

determined by using frequency response function method. The results show that experimental

conditions can be considered as the parameters which shift the natural frequency.
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Fig. 1 Schematic diagram for a vibration test. A tire
is not rotating while a load is not applied :
free —free condition

Table 1 Size and used application of experimental tire

Tire Size Use Tire Size Use
A 155R13T Summer F 185/65R13H All season
P175/70R13T All season G 185/65R13Q Snow
C P175/70R13S All season H P185/70R14S All season
D 175/70R13Q Snow I 195/65R14H All season
E 185/65R13H All seasonJ
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Table 2 Proposed design parameters of experimental tire

Tire Parameters Tire Parameters
H-1 Cap tread compound [ H-7 Turn up height |
H-2 Cap tread compound [ H--8 Turn up height [
H-3 Belt angle | H-9 Under tread gauge |
H-4 Belt angle 1 H-10 Under tread gauge [
H-5 Beal filler | H-11 None

H-6 Beal filler [

CHARGE AMP.

ACCELEROMETER

ROCKLAND
SYS/M040
FFT ANALIZER

X-Y PLOTTER

IMPACT HAMMER

- F____,.,_{ CHARGE AMP,

(a) Impact hammer

CHARGE AMP,

ACCELEROMETER

ROCKLAND — XY PLOTTER
SYSAO0
FIT ANALIZER |

B { CHARGE AMP. J
FORCE TRANSDUCER T B

~——————————1  CHARGE AMP. 1
EXCITER —m—

L [ cooer

(b) Exciter

Fig. 2 Schematic diagram for a vibration test. A tire is not rotating
while a load is not applied : fixed—fixed condition
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Table 3 Summary of experimental results . free—free condition

. . Pressure Natural Damping
C

Test tire ondition (kg/cm?) freq(Hz) ratio
1.80 95.0 0.0525
P175/70R13T Hammer/ 2.00 97.5 0.0511

All season .
) Exciter 2.30 100.0 0.0361
2.45 105.0 0.0361
1.40 92.5 0.0511
Hammer/ 1.80 100.0 0.0499

Exci
P175/70R13S xciter 2.00 102.5 0.0487

All season
2.30 110.0 0.0454
(n)

2.50 1125 0.0454
Weared 1.45 107.5 0.0475
1.80 975 0.0389
All season Exciter 2.30 105.0 0.0450
245 110.0 0.0464
1.80 90.0 0.0554
Snow Exciter 2.30 97.5 0.0511
2.45 100.0 0.0379
1.80 95.0 0.0554
Snow Exciter 2.30 97.5 0.0511
2.45 100.0 0.0379
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Table 4 Summary of experimental results :

clamped condition

) . Pressure Natural Damping
Test tir Condit
€ ondition (kg/cm?) freq (Hz) ratio
P175/70R13T Hammer/ 5 e o0a
All season Exciter 2.30 84.5 0.036
(D Weared 2.45 85.0 0.036
P175/70R13S Hammmer/ 1.80 78.5 0.046
All season . 2.00 80.5 0.037
) Exciter
() 2.30 83.5 0.027
1.80 71.0 0.062
185/65R13H H
/ ammer;/ 190 755 0.063
Snow Exciter
2.30 80.5 0.051
1.80 78.0 0.095
175/70R13 H
/70R13Q ammer/ 1.90 79.0 0.048
Snow Exciter
2.30 82.0 0.039
1.90 74.5 0.077
P185/65R13; H
/ Q amr.ner/ 2.00 77.5 0.066
Snow Exciter
2.30 80.0 0.051
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Table 5 The variation of natural frequency by proposed design factor of test tire : Clamped condition,

P185/70R14 ()%
Tire Natural Damping Magnitude Proposed design
freq.(Hz) (%) (dB) factors
H-1 735(0.71) 3.06(7.31) 70.8(2.31) Cap tread hardness t
H-2 72.0(1.4%) 2.91(11.8)) 71.4(321) Cap tread tan 6 |
H-3 73.8(1.11) 3.57(8.21) 69.1(0.1]) Belt angle 3°1
H-4 72.8(0.31) 328(061) 69.3(0.11) Belt angle 6° 1
H-5 725007 ) 3.36(1.81) 69.1(0.11) Bead filler hardness 93
H-6 72.0(14 ) 3.66(1091) 68.0(1.7 }) Bead filler hardness 74
H-7 745(2.11) 3.77(14.2 1) 67.5(25)) Turn up height 70 mm
H-8 74.0(141) 3.56(791) 68.5(1.0]) Turn up height 50 mm
H--9 70.0(34 1)) 343(4.01) 69.8(0.91) Under tread ga.2 mm 1
H-10 70.5(4.11) 3.0009.11) 71.5(331) Under tread ga.l mm 1
H-11 73.0 3.30 69.2 None
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Table 6 The variation of natural frequency by experimental condition

Mode number (n) Clamped (Hz) Non—contact (Hz) Contact (Hz)
1 75.0 74.5 130.0
2 98.5 97.0 144.0
3 122.5 121.5 158.5
4 148.0 167.0 171.0
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