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FE Analysis for Fundamental Air—Cavity Resonant Frequency of Tire
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ABSTRACT

Vehicle interior noise is the results of numerous sources of excitation. One source involving tire pavement interaction
is the tire cavity resonance and the forcing it provides to the vehicle spindle. Using a simplified model for the tire
acoustic cavity system only, we formulated finite element equation to predict the fundamental acoustic cavity resonant
characteristics inside tire-wheel assembly of undeformed and deformed tire. Combining the finite element analysis with
experimental verification, we explained the acoustic characteristics theoretically. Especially, we have shown that the
difference between the first two resonant frequencies increases as the deformation of tire due to vertical load increases
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Fig. 1 Definition of variables for tire cavity model

Qlele] 7 golA] )z 7 dgol E3
59 Ag dme 23 Zrh

dm = pAEdH (1)
919l wa Ao FoUAlE vt o] xdH:

Fel

i

I

ol

_1 2y 1 _3(%)2
dT= S (dm)(V?) = SpAR'| 7| db @
aelez 35 el A £EdAE e 2,
B l 27 _3(%)2
T= 2, pAR P do (3)

=X 4= i @

, Op=— D= K€y= Kk——
P 0 p 0 90

714 ki A9 A Ebulk modulus)olth. 12)=
2 mlaAge] MR E ke o] FasY

>

1 1 —[(oy)?
dV=oyeodv= EAKR(%) do (5)
FEHe dEHAY AA xEAE oduAE vy 2k
_l 2T o %)2
=25/ AHR( TR (6)
upebr 2R (Lagrangian)2 the3t o] Aol
L=T-V @)

)

olAl ¢Jejo] 3 9 (e)ol el 2+ MY & 3-EH

845 AHEato] vgat o] ZHRith
3
=D N 0),(t) ®)
i=1

Ay B2AS Gy
element)® T&sHA ofSa @)

0= N0, + Ny, + Ny, ©

A=NA,+ NoAy + N3 Ay (10)

R= NlEJF N2E2+ Nsﬁs 1D
ol Al wiyd ¥, dLEe] el(Hamilton's

ty
principle), = / SLdt = 02 ALaa] Theo] G5an
t

el R A~ (isoparamatric

[ pA R NN dog + AKEM’Nj’dG%}: 0
( (e)
(12)
o7|1" ELE= AR 5 849 7§l N =dN,/do
& gt 94s 34 FHE oA 29 o 2k

ELE

5}
—

>, (1" (&1 })= {0} (13)

o714 a4 AFgdy AAdE S v 2k
e -3
M) = /(c)pAR N.Ndf (14)
K= | AxRN/N;do (15)
(e)
3. 4

3.1 53 & Elo|o{2} AEHE=X|

Ago]A Ag3 ElolojE EF= FE¥l(pattern)o] =
Efo]oj(205/60R15)¢1™, #L 15914 5848 8-S AL
Sk Eholole] WSHE 2.2 kgf/em? % FAIBATY.

552



Efojofe] Fof| FAEES 7Fstal 1o wE
&7 918t Fig. 29} o] wHaAld71(UTM)
o} aElar JHE M(086C03-PCB)Z 7HIAA
*(106B-PCB) =

(multi-channel signal analyzer)Z ©]&3}]
S THELS IAT

s3] oAy

Fig. 2 Experimental apparatus for vertical loading

liquid silicon
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Fig. 3 Manufacturing process of the tire cavity mold
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Fig. 4 Silicon mold of the air-cavity

Fig. 5 Cavity solid model subjected to vertical load
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Table 2 Comparison of air-cavity resonant frequencies and their
acoustic mode shapes of unloaded tire

7135 AelE 2 (Fig. HOoZHEH A
sto] frekasirs Atk olw WA F7EE

1005538tk fratesad Aag A4 golole] 3713
o 3t 7Y HAE éﬂrsﬂr 37 Table 3o Aelskaich

>_]
Q
=B
®
w
lo,
oft
(o}
)
N
j
ek
ol
[
=)
N,
lo
s
N
1g
2

fow, = % Fore +ANA A A7 A3 A

Table 3 Comparison of air-cavity resonant frequencies and
acoustic mode shapes when the tire is subjected to a vertical
load of 300 kgf

Experiment F.E Analysis
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Experiment F.E Analysis
Table 4 The first two acoustic air-cavity resonant frequencies of
deformed tire, which are dependent on the deflection or the
magnitude of vertical load
Load |Max. Deflection,| Frequency | Frequency
[kef] 5" [mm] (lower) [Hz]|(higher) [Hz]
100 13.79 228.52 232.42
230.47 Hz 227.67 Hz 150 19.87 226.56 232.42
200 25.60 226.56 234.38
x| = o e — 250 31.93 226.56 234.38
4.2 $2|515(300 ﬂkgf)E thof HHE 37|83 300 3710 996.56 934.38
Txﬁ]ol‘ﬁ’i ‘Q’O]' HE :‘3‘7]:‘5‘%Q %tg%j}_/;g A 350 42.96 224 .61 234.38
Jele] A WA FVEE FETITE VSR oKL} oF 400 49.36 224.61 236.33
AL FHTIe ot & FHTEgE BAHo] 27) 450 54.28 224.61 236.33
7F HERd . 500 59.50 222.66 238.28
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