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Study on the In-Plane Vibration Characteristics of the Pneumatic Tires
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Summary

The vibrational characteristics of a radial-ply (15655SR13 4PR) and a biased-ply tire (6.15-13
4PR) were investigated for examining the effects of tires with different structure on the ride
characteristics of the vehicle.

The natural frequencies at the tread band, mode shapes, and damping factors of two tires
at the state of plane vibration were determined experimentally, The test work was performed
at four levels of the inflation pressure, ranging from 171.7 kPa to 245.2 kPa, and three levels
of the vertical load, deviating by 10% from the standard load designated by the Department
of Transportation of the United States of America.

The following results were drawn by the analysis of the test results:

1. The first-order natural frequencies of the radial-ply and the biased-ply tires at the tread
band were 112 Hz and 159 Hz, respectively, at the state of the free vibration when the in-
flation pressure of 196.2 kPa was applied. It was known that the biased-ply tire has higher
resonant frequency than the radial-ply tire and the natural frequencies of the both tires
move to the high frequency range as the inflation pressure is increased.

2. The vibration modes of both tires were quite different. No big difference in mode shapes
was examined as the inflation pressure was increased. But the natural frequencies of two
tires were changed, For the radial-ply tire, nodifference in mode shape was found whether
the vertical load was applied or not. But a significant difference in mode shape was examined
for the biased-ply tire.

3. Any difference was not found in damping factor as the different inflation pressures were

applied.

4, When no vertical load was applied, damping factors of the radial-ply and biased-ply tire at
the state of the natural vibration ranged from 2.6 to 5.9%, and from 4.1 to 7.8%, respectively.
It was estimated that the radial-ply tire would have better cushioning than the biased-ply
tire since the vertical spring rate of the radial-ply tire was much less than that of the biased-
ply tire, even though the damping effect of the radial-ply tire was smaller than that of the
biased-ply tire.
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Fig. 2. Transfer function for the tread band vibra-
tion of the radial-ply tire under the infla-
tion pressure of 196.2kPa,
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Table 1. Natural frequencies and damping factors of the radial-ply and biased-ply tires under various inflation

pressure,
Pressure
Tires 171.7 kPa 196.2 kPa 220.7 kPa 245.2 kPa
Order NF (Hz) | DF (%) | NF(Hz) | DF (%) | NF(Dz)|DF (%) | NF(Hz) | DF (%)
Radial | Ist 1088 | 3.5 1120 | 380 1165 | 3.4 1209 | 3.0
2nd 1380 | 33 1379 | 28 1429 | 2.8 1470 | 2.6
8rd 1558 | 45 1604 | 83 1670 | 3.1 1719 | 29
4th 1820 | 4.1 1867 | 44 1946 | 8.7 2008 | 3.4
5th 2095 | 5.9 2154 | 5.2 2239 | 4.6 2304 | 4.2
Biased | 1st 1563 | 44 1590 | 7.8 1623 | 4.1 166.4 -
2nd 1780 | 5. 178.7 = 185.7 | 4.1 187.4 .
8rd 2080 | 48 2049 | 4.6 2182 | 4.7 218.0 =
4th 2372 | 4.3 2447 | 5.0 2447 | 50 248.0 -

NF = Natural Frequency,

DF = Damping Factor

Table 2. Spring rates of the radial-ply and biased-ply tires under various inflation pressure in Newton

per milimeter,

Inflation 171.7 kPa 196.2 kPa 920.7 kPa 245.2 kPa
Pressure

Radial (R) 16358 181.68 186.19 218.86
Biased (B) 256.34 27959 303.52 307.05
Ratio (B/R) 1.57 154 1.63 1.40
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Table 3. Natural frequencies and damping factors of the radial-ply and biased-ply tires under various

load.
Load
Tires 90% Load 100% Load 110% Load
Order NF (Hz) | DF (%) NF (Hz) DF (%) NF (Hz) DF (%)
Radial 1st 126.8 3.3 128.8 3.4 130.9 2.2
2nd 156.9 2.5 156.8 2.4 158.2 -
3rd 185.0 2.7 185.0 2.7 186.1 3.1
4th 215.8 3.1 215.1 3.1 211.8 4.8
5th 245.7 3.2 2479 2.8 — -
Biased 1st 162.9 3.3 167.0 3.4 166.8 3.0
2nd 201.9 - 201.9 4.6 200.0 5.6
3rd 228.0 3.8 227.9 2.6 2399 4.9
4th 743.8 4.5 253.8 3.5 265.7 5.2
5th 2619 b5 - — — -
NF = Natural Frequency,  DF = Damping Factor
Radial-ply Tire Radial-ply Tire
,@;,._.. O....
Biased-ply Tire ‘ aned ply T:r

ey () & )

Fig. 3. Various vibration mode shapes of the radial-
ply and biased-ply tires under the inflation
pressure of 196.2 kPa,
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Fig. 4. Various vibration mode shapes of the
radial-ply and biased-ply tire under loads
of 4.894 kN and 4.450 kN, respectively.
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