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Road Noise Prediction Based on Frequency Response Function
of Tire Utilizing Cleat Excitation Method
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Jong Ho Park, Sung Wook Hwang and Sang Kwon Lee
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Key Words : Vibro-acoustic Reciprocity(£-3F%15 AWF2]), Road Noise(Z=1-0]2), TPA(Transfer Path Analysis :

AGHZHA), Cleat(ZLE] E)

ABSTRACT

It is important for identification of noise and vibration problem of tire to consider influence of in-

teraction between road and tire. A quantification of road noise is a challenging issue in vehicle

NVH due to extremely complicated transfer paths of road noise as well as the difficulty in an ex-

perimental identification of input force from tire-road interaction. A noise caused by tire is divided

into road noise(structure-borne noise) and pattern noise(air-borne noise). Pattern noise is caused by

pattern shape of tire, which has larger than 500 Hz, but road noise is generated by the interactions

between a tire and a vehicle body. In this paper, we define the quantitative analysis for road noise

caused by interactions between tire and road parameters. For the identification of road noise, the

chassis dynamometer that is equipped 10 mmx10 mm square cleat in the semi-anechoic chamber is

used, and the tire spindle forces are measured by load cell. The vibro-acoustic transfer function be-

tween ear position and wheel center was measured by the vibro-acoustic reciprocity method. In this

study three tires with different type of mechanical are used for the experiment work.
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Fig. 1 Illustration for the application of the reci-
procity theory to interior noise analysis

Fig. 2 Illustration for modeling of vibro-acoustic rec-

iprocity in a vehicle
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Table 1 Devices of tire frequency response function

test
Device Device name
Equipment Tire modal test equipment

Endevco modal hammer
2302-5

Endevco 65-10 triaxial ICP
LMS Test.lab 10B

Impulse hammer

Accelerometer

FFT analyzer

Data acquisition

LMS SCASDAS Mobile 32CH
module
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Fig. 5 Frequency response function of three tires

UZ(olAe] x4 7Rl=ola, fi.e UFE
(kyelA ezl 91g 7hae, X, & elolo} Mgy
o] A o] WA E(raidal) W SH &R, X,
ojof(r) Aol A | d(tangential) H3F
HEEE ofwgtt). Elolo] Fug SRS
Al ®35S 1HzolaL, &Y F94E 20

o]t}

& e ofo rir
ox il

jan)
N

3!
(3
ol
=i
Lo
ful
2
2
o
=
o
-
=
=y
olo
ofl

o]

i
o
oo = rfr
P
2,
H
=
gQ
(o)}
i
e
)}
.
e
()}
[oe]
- rlo

b
o
[N
fil
M
)
2
T
k)
L
N

=]
ES

it

gt

&

lo

it

o,

o

1

of, g

e E

9,

IN

N

=

o
B R
o o, O ot )

8
o
MmN o
ot
) zz
N
4B
- O
T
o
b
>
[t
rlr
o
Ip

ol
e N
=

Mg =g o

H, FE 200 Hz olste] 5ol 7k 4

. FHHIE| o] == ERolo] Ui o °]s
GRS T & h

wre] AA7e] wel dAshs AgoR

o

>
|
b oo rlr ai

oz © o
% i o

o,
[N
fe e

W
= %
RN EshE Agom, e
= gl met 93y wUgoR §

B
;

b
=AY
2

A
N
H s
>
i

2 o & X [ ok M b
)

120 Tire-A
I 10— Tire-B
™ g— Tire-C
T100t-
(]
T
=]
£
c
o
©
=
60 | | I
0 50 100 150 200
Frequency (Hz)
Fig. 6 Frequency response function of three tires
(20~200 Hz)
120
=110
z
<
5100
£
c
(=2
]
S 90

200 210 220 230 240 250
Frequency (Hz)

Fig. 7 Frequency response function of three tires
(200~250 Hz)

120
= Tire-A
L L Tire B
Z
31
2
=
fo)]
<
=
70 | 1 |

1
250 300 350 400 450 500
Frequency (Hz)

Fig. 8 Frequency response function of three tires
(250~500 Hz)

Fig. 62 %] Z%(boom noise) TXFOZM 20~
200 Hz®] 3} #9l& zteth 180 Hz ti9s Al
olgk A Fog WM9elA 1dB o] ztolE Hel
t}. Fig. 72 7IH]E]-0] Z(cavity noise) T-{FO.ZM]
200~250 Hz®| Fot= W91E 2o, Asat Eol
ole] 54& 7 2 dshle FI WHEA

220Hz <WollA ¥3E z=t) golo] AZF 110
dB® 71 & ¢S zka voJo] B} Ci= ERolo]

ZASNNSSEI=E8/A 223 A 8=, 201243/723



Aol W& 5dB 7t W 935 ZH=t) Fig 82

oM F T 7RI A7)l wa ot

W7h vepd = dd, o]#3k Elojo} Ful
/3L Elolojo] AR e B FEFE V1A, o]
540 AAl T Fof] M= ZEo]=d
b FIFS 7XTh o] AFelA = olYfd A=
T 5E 2= 38R Eolorh Algs
o] 2Fe] F27 F(structure-borne) F gl 7|
T Aago] A A Rri-ol=d| 71X &

Mt gsshed BEg Tl

ol

2 1
2
<%
e

*(vibro-acoustic transfer function)E
= 7AYo= A4 (omni-direction) 2] & o]
ARgEojoF gt o] FUS AFTE WA
AAE FWs RS e 5% 39(sound

power)E 7FAoF &l SA AP AL Be=

ZE A
o EREERE A
95 8ol 9% A% 54 2
§oEmEs Aol g R
st A gHkE FA3H
2 eld Aastel Ao
s 2%} wg g

‘ PR . PR
S TN Xy comers F ZHF VSR Xpneds conterr
%)

= sk, 4 (3) 2ol

g ¥4 gk

xWheel Center/x

[H,,A]: %

Qz?ab[n

3

Wheel Center/z

Qcahin

vibro
-Acoustig

Fig. 9 Experimental set-up for vibro-acoustic transfer

function

Table 2 Devices of vibro-acoustic transfer function

test
Device Device name
Vehicle Hyundai YF SONATA 2.0 LPG

Acoustic exciter

LMS Q-Source

Accelerometer

Endevco 65-10 Triaxial ICP

FFT analyzer

LMS Test.lab 10B

Data acquisition
module

LMS SCASDAS Mobile 32CH

N
[\}
L
ro
Hi
[P
0jo
™
ofn
Ok
19
ol
rr
Ho
ipa}
=
3]
[N}
M
2
o0
Jor
o
=
(3]
r



/\1 (3)4 :,Lz Qak jualﬂ_/l:.a_ /\]isﬂ %%6}3[:

of Hgate] 4 @t ol FAT F stk

[P 1= [ LS T 4)
AN B & 2% Aol SAEE Sud
O L, Siheet coner & B F40N A WAFE 7k Y
olth. Fig. 10 A% Al &% 54 A3 2
2o Aole] T2.3F ARFolh. 24 U
Fo BAES 1HE ARSAAT, BEY F3)

3.3 38 E TS
£3
Fig. 117} o] 238 Elolojx
719 AYES BAE 2
meter)’ gl G2 7 AF &

(cleat)

10 mmx10 mm

kel 1/4 F9

4500N° T2 wgrow Tt o]y g Aol
& 60kmho $E2 FEstal, 4 FdH] 7}
Jm 2edo] AatE 14 A Ed GHE AL
& g 44 A% ARSEAZ ol gate] A
92 14T 4% B TP A 4T 5
U= AHE AR = QU7 wEelth 7S B
QAFNNE ADAREA BRelA A )
Aee A S4A %, Bl Gy
52 Aol A0S dZsel At ole
B BAolN Be A7 wEEo] 2287, 4Y
Ak Bl o5 HAoAM ] eaf Fo] FRHEY] Wi
of ARHow A0HE Sqste] Agat We
AGAZEAN o] Qlojx] Hu =2 ANIFHS IS
F g,
140 = X-direction
120 ==== Z-direction
o
I
100
-
280
f=
g60
=
40
20 | ] | |

0 100 200 300 400 500
Frequency (Hz)

Fig. 10 Vibro-acoustic transfer
wheel center and driver’s ear point

function between

Hl
B>
mjo
A
ofn
Ok
Jor
ol
rir

AE >~ (impulse) 4!

R wo]r:}. A Fal Al
T3 Z_Z}(X direction) 2} 523K Z-direction)®] T&
% 3 R slagoe] 49y,

Fig. 13 3714 Elolole] 8 Zopie] Z47 7}
Aol thek dolgolrt. FFS 80 Hz -l
A 157dBe] ¥]=E 7HAH, o= o 80NeJt}h. E
3 AR 150 dBe] HAE 7AW, o)
3sNolth AU OR Al FAYF xgel
7RdE o] A gl 28] 7Rl s dA
Moz o ¥& dBe A, ol AA F A
%“3‘3}” 7HIE e Sl disid oo
o oE2 g 7He wEt

Fig. 14(a)9} (b)y= &} gl A 9] & T
F 7= s Hlagk lojvk 90 Hz -] ¥aA
& golojel 12 ¥7 B4 Qe

Quarter Car Model

Fig. 11 Experimental set-up of a rolling cleat to meas-
ure the excitation force in a wheel center

Fig. 12 Measurement of excitation force based on a
cleat test

2&/A2248 A8 E, 201213/725



260 Hz -9 9342 olof] o
o). Elolo] FH|E)(cavity) EAS Hol: 220 Hz

oA Efelo] A Z9- 145dBolaL, Efelo] B
o] 7% 133dB, Elolo] Co B¢ 135dB4 b

g gtk ol 94 AP Elolo] AUHH B4
AP woli= vks} o] Eholoje] ule EA
sk A A, 3, dololst e 43
gl ofsf dAEHE d FEF- 7IES Eelo]
o] AESAI AFES on|gth 250Hz ]3]
Haol= P A= 9 S decibel(dB)E 3%
A3l zFol7t 9lo HoJA| Tk newton(N)o.2 W3
3 735 Ao 8Ne| 935 zka ymA] FRlelA =
3N olake] kg melmz, wolo] S4B 7
160 = X-direction
150~ 777 Z-direction
% 140
2130
2120
110
100 | ] 1 |
0 100 200 300 400 500
Frequency (Hz)
(a) Tire-A
160 = X-direction
150 ———— o
Z-direction
140
T130
8120
2110
100
90 | | | |
0 100 200 300 400 500
Frecquency (Hz)
(b) Tire-B
160 = X-direction
150 =T7°  Z-direction
T140
@
2130
2
120
110
100
0 100 200 300 400 500
Frequency (Hz)
(c) Tire-C
Fig. 13 Measured wheel center force for 3 type of
tires
726/t 2SS S =2 /A 22 W A8 E, 2012

0 100 200 300

Frequency (Hz)

(a) x-direction

160
150

~ 140
130

dB

~

(<)

g

S 120
110
100

0 100 200 300

Frequency (Hz)

400 500

(b) z-direction

Fig. 14 Comparison of excitation forces measured on
the wheel center

Fig. 15 Photo explanation for the rolling cleat test to
measure the sound pressure in a vehicle



E|E ZRIWS ol

i
&
e
tlo
>
)
>
)
o
=
2
X
>
o
(o3
)
o2
o

o,

of WA= ofE A &

o e

=

%

= ot
o,
—B‘l oL

AA G FeEA] o
&g wAsd, 2Evol

N EEERE S
o thatel A@L 2

Jo
=
N
B

)
e
1%
o,
">
b
oX,

ox dlo
O;

Eﬁwrﬁ:loﬂ
>
oo

oh
il
(o,
)
o,

0% N, [N ot oo

oo

2
(o
=)
dr r
:(I:»L_t’
olf
rlo
jan)
N
o
=3
et
e
o
rlo
[\]
o
=
o0
jan)
N

o

H
JJr-r Eﬂ‘ﬁoﬂfﬂ «43%% Zh=t
Table 32 I E !

AollM vlAgke vehd Aol
3EF ERolo] EF 52dBAY
Zal, gieol= PRlelA= 35~36 dBAY
FHARRE 912 S 7RAL, ARH]E o] 2 ke A]
= Bolo] A9l 4§ 42dBA, Elolo] Bi= 37dBA,
Efolo] C= 40 dBA S g,k—O— 7

&8l A5 7h gl
%QLQI?F“:‘E‘%EM a3}

=

o

&

N

e
oS

o]
o] X 40 dBA, 35 dBAY] % Eighs )
= 7HAY, AiRlE o] = A "Agte] Ao
14 dBAS] Aol & LFEMD} o= Eolo] dE=A
oA EAE Aol mprRA R Elolo] A, C, B
oA il Apol2 MY 1 WA E =
ZF A 9] Efolo] HMYEAN sYUsHA REo]=
o] B4 Anw F3g ato]7} Rt
Brwo|x7t Ak AujelA WAshE gl o

3k Elo]o]EA o] W& Rri-olz o= AT
& 71 E A e gtk Fieol= 3t
oMol ¥AgS zH= 90 Hz9F 160 Hz F-Holl A&
ok 12 dBAY] Jo]E Ho|n, o]= ArHor we
71qEE 7HE ongith AfR|E o= FH7lel A
o] HAZS ZH= 220 Hz F2o)AE =2 70 E
E [e]

o
olo] €9 A% 10~11dBAY Ao]Z X
B 385 A4S 2te gl
oArrt WS st 95
wo]l= F7holME 15dBA ©]AFe] fo]E Holw

o] AT AAE File] & + Y AL Eolo]
o SyRelel Felshs Al £ Aol o
g A 289 Aolsh AT Foesh FAG 2

SAR A5kl Aol AdEHAL] el
o) BAE= W 2Ed $-5 Eolole] el
o 7] gRor s 7271 audl
BEEwo|ZR & 5 Utk AYE T8 AR 1/4
A Bds V]EeR sto] A5 O Blolod] T
AYE she AAolth &5 o Bolo7 FeEe
&t AT EC o3t A WAL, o] <3t
2ol AR Fdd ol A Sl 5
5 S Elolo] B3 989 TR A8 ey
w55 Efolojel A dAshs RE] A
A Aol o] Stedel ddFe mRIv:

Table 3 Measured SPL peak level of each band

Tire Boom Cavity Rumble
type (20~200 Hz) | (200~250 Hz) | (250~500 Hz)
A 52 dBA 42 dBA 36 dBA
B 52 dBA 37 dBA 35dBA
C 52 dBA 40 dBA 35dBA

Table 4 Estimated road noise peak level of each

band
Tire Boom Cavity Rumble
type (20~200 Hz) | (200~250 Hz) | (250~500 Hz)
A 40 dBA 40 dBA 35dBA
B 40 dBA 26 dBA 35dBA
C 40 dBA 30 dBA 35dBA
SAZVNSSEI=cd/A 228 A8S, 20121/727
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