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Sound Radiation Analysis for Structural Vibration Noise Control
of Tire under the Action of Random Moving Line Forces

AW Aol 4 A

Byoung-Sam Kim and Seong-Cheol Lee
(1994 11¥ 39 A5 19954 59 319 AlApeka)

ABSTRACT

A theoretical model has been studied to describe the sound radiation analysis for structural
vibration noise control of tire under the action of random moving line forces. When a tire is analyzed,
it has been modeled as a curved beam with distributed springs and dash-pots which represent the radial,
tangential stiffness and damping of tire, respectively. The reaction due to fluid loading on the vibratory
response of the curved beam is taken into account. The curved beam is assumed to occupy the plane
y=0 and to be axially infinite. The material of curved beam and elastic foundation are assumed to be
lossless, and governed by the law of Bernoulli-Euler beam theory. The expression for sound power is
integrated numerically and its results examined as a function of Mach number(}/), wavenumber
ratio(y) and stiffness factor(¥). The experimental investigation for structural vibration noise of tire
under the action of random moving line forces has been made. Based on the STSF(Spatial Transforma-
tion of Sound Field) techniques, the sound power and sound radiation are measured. The experimental
results show that operating condition, material properties and design factors of the tire have a great
effect on the sound power and sound radiation characteristics.
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Table 1 Flow-chart for moving random line forces

STRRT

DATA INPUT :

1) CRITICAL ACOUSTIC LENGTH (Kal)

2) DAMPING FACTOR (8)

3) WAVE NUMBER RATIO ()

4) WAVE NUMBER RATIO OF NATURAL FREQUENCY (y)
S) TENSION FACTOR (T)

6) MACH NUMBER (M)

l

INITIALZE OF SOUND POWER (W)

SOUND POWER
PARAMETER

INTERVAL [DIVISION

{ | | |

SITFFNESS DAMPING TENSION NATURAL CONTACT
FACTOR FACTOR FACTOR FREQUENCY| LENGTH
CALCULATION :

SOUND POWER CALCULATION
BY GAUSSIAN QUADRATURE

MAX-MIN =0 /

COMPARISON OF
AN INTERVAL
SELECTING VALUE

Table 2 Physical properties of tire(P195/65R14) Table 3 Power of spectral density function for road
Loss factor(y) 0.2 surface
Bending stiffness of the tire(E]) 0,582 N/m?* Description Power
Radfai Ztiffnelzss(K) . ;(,)134E5 N/r’r;2 Smooth runway 3.8
Radxz.i amping coefficient(C) : N/s Rough runway 21
Tensmn(T). | 386-; N Smooth highway 2.1
Mass of unit length(p,A) i1.41 kg/m Highway with gravel 2.1
Pasture 1.6
@ FAE FAFEL B (/). o) Plowed field 1.6
@ g, w<iolerw
. ANE=T? Sz'n]éf%flz) 2¢ 2] (38), 39+ &7 7ie-E qu‘ﬂ]f"}%‘-ﬂ} AL
-~ Lk (39 fASHEE we el AAAL LA
Teorr o )] :
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Fig. 4 Principle of STSF

MICROPHONE

TIRE

Ll

DRUM

1

DATA
ACQUISITION bn{ﬂr:}&::omsunw v
UNIT
:SIGNAL ANALYSIS
ﬂ:{'ﬂi’:‘;n DATA 1DENTIFICATION
DATR DELIVER
MEASUREMENT CONTROL
tWORK STRTION DATR TREATMENT
STSF
PRINTER

Fig. 5 Schematic diagram of a tire structural vibration
noise test
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Table 4 Proposed design parameters of test tire T 9l Aeg Yz,
No. Parameters Fig. 7& wlstg M=0.2, T34 ZAHAF B=
0.025, Fx¢ QAAAS T1=0.75, IFHpH] y,=
X Belt angle 0.03, 0.05, 0.08, 0.11¥ = zppu)e] F7holl &
2 Reinforcement belt T
3 Bead filler height/Rubber hardness AdAQ] S]] AN AdE AFie o
4 Carcass structure oA Fgu|rt Frlskd A %)t F
-3.225
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