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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.

alie 0l 5l gt 0 sbmyl (sl Lol waizien ol 3,5,15 55UsT doio -1

9 Wl (S j5ige 590 40 ya5 JU e 9 59351 ¢ p9390 Wil
S 9355 Sy & iy Seebudgnl fugi g b pb glao wiile Koo
55l
Ol Glalul jo (bl (185 5,095 (s394l ) sloaasin
Sl ErSpeeal 50 mie loyall 1S U ren 4 wiS oo
9,95 R 9 Slalas )| e ) oy lagtagh il os 9095 )5
~ U R ;08 JUS piass g dae CodS aile laodsy (owyn

Please cite this article using:

Slo ol 0505 53 ool 5 o o 4o ol oy Jigo (Fosl
dnwgi 5 6 Ghlie o (Fogll g5 nl wiilin S e wlie 5l (5o
olol cely wilgs g0 5 ol L)l jo lusl Fai; b peiinns & jg0 4y a8l
oy s Pl 5 Lol jo Pust o lsd pals alox 5l g0 @il
e g oy Gl lie Jolis 9)355 098 3131 (>, 5 (Sujd
o B0 bler 3,555 9 je 3 nl 9381 08 JUL pitas ¢ )ige alex
Lylys o mlie pl 5l (S 50 0dd oy sl ol ax ST [1] wil

s los oalilw! 23 yle 51 Wi ol @ glanyl (shy

A. Karimyan, S. Ebrahimi-Nejad, Vibro-acoustic analysis of tire and rim finite element model coupled with fluid acoustic cavity, Modares Mechanical Engineering, Vol! 17, No-4, pp:

381-392, 2017 (in Persian)


http://journals.modares.ac.ir/article-15-9797-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:06 IRDT on Sunday May 13th 2018

3133 el sl Ylodw 9 YlessS el

SaiwwgST Jlww 0383 b »li 9 Kisp 03ubs Jag8 3930 yloll Jdw (SisngS T- abslas sl 3aUT

3o Ol 4 Do b o alS el Wl o 2B 0ji> JBIs o
L StsST oty 3l 13 4 sg e aizmes sl 0sd Jioms 11
ol el el BB ojie ilgy; wais 2l ln el (5 s
G pbooyas U3l 0 dlse Jod cpl ces g o T4 a5 cl Jls o
Dbl oe 9,409, (SIS b b Codgae Jdo

5 26 0> hoS (uilig)) (o z @ [11] Olen 5 doome (izmen
g Sl n b oy 315 )3 psd dlge Y G o5 LAl L o] L ablie
WS oo o malS uilisy, Sl ¥ cpl oS adlal boast wisls las
b U o> il (o) [12] S0os (caagh 5o Gliiee (ol (eizren
ol pals g oyi uiligyy Sl omyn lp 2gaze Gl Jao S5 )
Slaasls py nb U3l 5 Koy g9y 2 ksl b Y o5 dlal b Ll 3
gl sled Sl o)y @ shghy o 18] pleossS 5 ol (ol
tolms Cgz osle FASS b iU s alsial Jas eloly b
Joe o il gl 4 bgrpe slosge IS5 5 ulis)); slo il 3
wlgid Sy ) amo e @l 1, Ki, g b 5l glookes S0 o5 st ail|
o U5 il amio rizen 5 2 gl Olsie 4 SV S e
0o ok sl e JSO lailgtal amio Sy 5 26 slao )l (e
Siy 55,5 o o b Jas ol sl oad ool ¢ Say, Sl
8,5 oupol o )bl Guilisy 58 s hisS o 1y S, gz
celed Slall Lololy b i3 5 SLalG,| syt & ol allie can
Sl 23l pse walse (SwsST Jlow 0ji> iliss, 5l 36 o5 o &
0y b Syy 9 b jlsle 5l alsS Jae S &l 4y Bas ol 4 o,
oilsy, Ol Wigh oo 295 4 oads Al Jow 0gd oo aisley Jlew
3 ol b o 18) Ehz S,y byl 5l b (SeresST- s,
9 Slols)l 4 by pe ol ams Glas | 5 g (SetwsST Jlow b (3l
5 SeisST S i iliss) 51 (95 (Sased 550 00k Sl Jo fuss
2 shte Gy s e Wl ) 2z gy @ JWl Boolr gl (69
Joe ololyy Jlows 030 il (g yp ar i yl3800 5 Slaolal L o
kS 4 dalol o 09d oo xSy i 3590 il reud ST o (sla
oy (SeosST Sl 0pi> b Sy 5 5l ogazme plall Jas 05
5 Loy o SeimsST o 0ji> (Gpo L3I byl 0sd o
et Grizpa g (SeiasST Sl 0pi il 51 (220 0 e slopsliss
sleslinnl boads ail) Jos lawgs Jlowaji> (i), cod (Seals 5o
5l sy p (SmsST a8 S a5 el 381 03

Sl -2
0 S Rl o sl oie g Sy b ledae & 25 o
slodae 5 358 g0 ooliul S jeuidlo 380 e 51 cnl sl o3ls
Sley SoS Ay s 09 g0 00ld JEUl el l5816 5 4y ool slowl
SemosS | oyh 5 Sy b Sige )l 5 Jloge 5IUT 4y lie 5 ]
P9y 50 & abgrye slaage S5 5 (ol sla (T 05T s s
aS aloS Jow SO obml b uizmen 09d oo ails y  Ldow g sgaze Lol
W) Jliae (SetmgST Sl oy b Sy 5 pb Jle s ol 0
olissy g (SesST ojh (StwsST Lad Sl gy 4y 0nd

Dgd g0 418y pis

4 o )lasis 17 095 1396 5 (oo Suille wite

2] Slax21s 9,995 505 p3lSe ) Lgr o Slajgh 9 0L g5 wosl>

a5 Wil 2B Jlow 0i> uilis)) b 25 53w Jelos 51 (S
95 Ol 3l 09dse 5,095 S US4 g il g Slalsf sbml caely
Gl Gl puils 3 b o] blsjl 5 0jh ulis, slaguils 8 4 i3
4 [B] ,en 5 BBL sl Jlsj55 50 plime Sl 5l 252 SCuy 5 2L
R oy S5 (SnasST uiligy 00 ol enloyh il anlllas
bgio Copm g B G LS Gl gondsep So o4 g ey
2 Sbllas [4] (5 5 @ Slodes; U 550 bawgie bazs 5 g0
oads ol gllaols S e s95 p ol S g U 0y sldidsn o)
Oeizmen ilosls plowl 358 oo Jiiie 9)355 2o 4 &S £z (255 50
Sor> g p £ oelsyy Sl ez @ Bl ohlSes 5 555585
5 SeosS | gy JisS a5 wisls las 5wl b (SesST
OnlS JBls 4end Jitie g5 mhasngiall Jele pU sl iy,
@ (6] WSen g (ol igmon 9 [4] (e 5 LBLo call oo 9,095
ik o WS oo Iy IS8 S feey b eles 0 5 50l &S wsp
o ool I 5l SaiosST 850 30 (cl,lo 300 b 0 wilS 3
hls Lo ojl (ol )e sl 03,0 oy JS8 s o (5510556 (g 20
Wy a2l Rl T O Sen 5 3ig5 il oo (SeimsST 350 S0 Sy
Ol a0k e 2b a4 s oad NS LL RU lp (el Sl &S
Sge JSB (W53 g el (El oge JSB (S 2 a5 il )50
wsls ol [6] ollSen o (2 plol uizmen S (oo lan Gl 8l og0e
LIk Gam 5 0ad (6 050 Sl sl o> iy Jloges a5
639,51 5L Nk &5 > 0 o5 Ojpo cnl 4 sites Sglite o
gl wtlioe ald 93 Jald (il 5 Fuly Jloged 3508 3929 2B (59, 2 ool
e Sy a4 bald oyl slaws RS, s Luld 5o & cesl e
axho gye eS| e (22l Joe [B] el S (o oy RS
obssy oo @ [0] Ohlen 5 Sledse s @) Rb 0y sl
26 ESL JieS (Lo Jae S @l 2B i b pb ksbe oads S
b 323 (gl e a5 Wingy ditne LT ezl SetsST Jlow b
st [10] (Gludge wlige 26 ojlo b 2U 0yi> 0ad Jig5 (i),
JisS son @l Wl &5 col )l sy by oad @l Joe cad
olall (g 5l ealil g0 b Jble 52U (St ojio G (S50
2Uoyax (uiliay, Ol o0l Cands (59 (ol Bus ogd colail sgasme
2B oy Guilis) a5 Lol 5l og 2 (058 sle S 5 U sl »
o dlge (ybae Ko ooly Slogys bug &) &S Jb
I, iy, slodasie witly 3l 5o 250 b 190 LulS 3 sogame
b Jlose g3l 5l oolinal b b 5 WelSilosl o Laulpd s3lujl b ol oo
)3 Condy (StsST S 25 y903] 5 09,5 1oy (gesl wslabais S0
olissy S el sl Gz (b et Sl [6] (2255 5 szslols
Sl a bge oy uiligs, a5 wis 5 slpain bl wsls 1) b o o>
Ol See K8 spam ahie b Syl colatul b wilgs oo a5 ol
Pl )3 Sops WS 5 Sz i oS 0p gl 405 cnl onl
oadige olyis wilS 3 edgams b oyi> uily), s cel oS>
Sl Sye D3 Slge Ao elgl oy 4 2006 JLo S [1] 5ub5
sls ol ol oy b ojis uiligy, yo (SPL) gw Lid 55 Lials
oalio 40 5 30 aalieds U 5 Laseie slolSe ;8 olga ol ol 13 45

382


http://journals.modares.ac.ir/article-15-9797-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:06 IRDT on Sunday May 13th 2018

3135 Geadlyal Yladuw 9 OlrespS pael

SaiwwgST Jlww 0383 b »li 9 Kisp 03ubs Jag8 3930 yloll Jdw (SisngS T- abslas sl 3aUT

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 K /m3))/ Or;:ioo $ modulus Specifications material
9 (MPa)
0.01 1200 0.45 261 S99 gyl
0 7850 0.4 21e+5  Saspsl Ko,
0 1200 0.49 481 S9! »b

Fig. 4 Tire and rim assembly in SolidWorks
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Table 1 Geometric parameters of tire and rim
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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. 5 Finite cylindrical cavity model
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Fig. 13 Interface of acoustic fluid and tire and rim structure
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Table 4 Acoustic fluid characteristics

o3l 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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Fig. 14 Coupling harmonic analysis with static and modal analyses
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Fig. 15 Simplified model of the tire and acoustic cavity [9]
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static analysis
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Fig. 17 The first five natural frequencies and modes of rim model
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Fig. 16 The first eight natural frequencies and modes of tire model
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Fig. 18 Comparison of numerical results with the experimental results
of Re. [12] for the first eight frequencies tire model
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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
: N : 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

21411 7 676.94 6

231.25 8

231.84 9

234.49 10
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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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rim and cavity model in terms of frequency
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Fig. 27 Variations of sound pressure level (SPL) with frequency
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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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hub in the numerical model and experimental results [17]
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