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Vehicle vibration and noise characteristics play a major role in ride comfort. Noise of tire in contact
with the road is one of the main sources of noise in passenger cars, caused by the rolling of tire on
uneven surfaces. Excitation is done through tread structure to fluid cavity and noise and vibrations
transmission to the rims are of particular importance. In this paper, vibration analysis of coupled
acoustic model of tire, rim and fluid acoustic cavity is performed. For this purpose, a coupled numerical
finite element model is used. First, tire modeling has been addressed, taking into account the tread and
two side walls and steel wheel rim. Then modal analysis has been performed to identify the structural
and acoustic resonance frequencies and mode shapes. Then, using the harmonic environment coupled
with static and modal analyses, acoustically coupled models of tire, rim and cavity are used to calculate
the acoustic pressure of the fluid cavity and sound pressure level, and the harmonic frequency response
of the wheel hub system including the forces of wheel hub is discussed. According to the presented
model, the parameters affecting tire noise levels are discussed.
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Fig. 3 Rim geometry in SolidWorks
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Table 2 Type of materials and properties used in tire, rim and tread

Dampin Densit Poisson’ Young's
rat?o Y ( /m3))/ Or;:ioo modulus Specifications material
9 (MPa)
0.01 1200 0.45 261 S99 gyl
0 7850 0.4 21e+5  Saspsyl Ko,
0 1200 0.49 481 S9! »b

Fig. 4 Tire and rim assembly in SolidWorks
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Fig. 1 Schematics of tire and rim geometry [10]
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Table 1 Geometric parameters of tire and rim

(mm) lade Salyly
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Fig. 2 Tire geometry in SolidWorks
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Table 3 Geometric, physical and acoustic properties of cavity

ol S
3.8886€e-002 (m3) Volume
0.046642 (kg) Mass
1.21 (kg m?) Mass Density
344 (m sec™?) Sound Speed
2E-05 (Pa) Reference Pressure
101325 (Pa) Reference Static Pressure
0.21986 (m) Length X
0.62365 (m) Length Y
0.62365 (m) Length Z
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Fig. 13 Interface of acoustic fluid and tire and rim structure
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Table 4 Acoustic fluid characteristics

o5l el

1.2041 (kg m™) Mass Density

343.24 (m sec™) Sound Speed
2E-05 (Pa) Reference Pressure

101325 (Pa) Reference Static Pressure
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Table 5 The first ten natural frequencies of the tire and rim model

Frequency [Hz] Mode
77.386 1
0.000 - 0,400 (m) 0.000 - 0.400 (m) 77811 2
80.275 3
. T . 8 ) 179.61 4
Fig. 20 The first eight natural frequencies and modes of tire and rim model
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Table 9 First ten natural frequencies of the coupled tire, rim and fluid Table 7 First six natural frequencies of the fluid acoustic cavity model
acoustic cavity model Mode Frequency [Hz] Mode
Frequency [Hz] Mode 153576:005 1

79.473 1

80.127 2 227.43 2

84.349 3 227.43 3

189.09 4 453.49 4

190.19 5

214.11 7 676.94 6
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Table 8 Results of Bessel relationship for various values of K

Kmn faessel (HZ) Error(%)
— — 4.18 228.16 0.3
7 8
Fig. 22 The first eight natural frequencies and mode shapes of tire, rim 8.10 443.92 21
and fluid cavity model 12.01 655.94 3.1
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Fig. 28 Comparison of experimental (Ref. [17]) and numerical results

of z-component forces acting on the wheel hub
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Fig. 29 Comparison of results of the x-axis torque acting on the wheel

hub in the numerical model and experimental results [17]
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