=7 A7 e8] A, A 10HE, ASE, pp. 110-116 (2011. 10)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 10, No. 5, pp. 110-116 (2011. 10)

Elojof T{Ee| ZEO8E QIXjol wa JF8E gy U

_?k
A
9|_|

. £
oot
x
Ho
*
N
ol
-
. *
(o]

o

—

r
et

The Study on the Characteristics of Groove Wandering and Noise
Caused by the Design Parameter of Longitudinal Groove on the

Tire's Pattern

Jin-Hyuk Han”, Sung-Wook Hwang*, Yong-Gu Kang*, Min-Hyeon Han*
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ABSTRACT

Water on a road surface can lower the coefficient of friction of vehicle tires and it involves lots of risks. One way
to prevent water from staying is to cut many "rain grooves" into the edges of the pavement parallel. Such grooves,
however, can exert unwanted side forces, particularly on passenger tires, which cause "Groove Wander" making the
drivers uncomfortable. The "Groove Wander" is somewhat related to vehicle geometry, but is more strongly related
to interaction between road grooves and tire tread's longitudinal grooves. This thesis tries to examine principles to
estimate "Groove Wandering" effect focusing on the design of longitudinal groove. Additionally, it studied how to

reduce pipe resonance longitudinal grooves form in the contact patch.

Key Words : Passenger Tire(%\-%i]-% F)ro]o])’ Groove Wandering(ZLFH. 4 ¥), Pavement Grooving('= ),
Tread Design(E#| = t]#}91), Longitudinal Groove(¥F 15 X), Rubber Fence(Il 32
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Fig. 2 Effect of pipe resonance on the noise

Table 1-= Al B{Ho| w3t A™o]al Table 2
58 AUy oF At AR AE dHE By
e AL 2=x7} =11, FHBT Yo
3 %.:_?_I:I AE_|7:” olxl_tél é‘)'h %'3k_'.:_ ]—4’7‘]‘2] El:l"] oT?l‘]]‘:iJ—: <] fl:l‘/]
. = = S ST 5 S} o 259 1%y 9UY 45 2
Zolgta &gttt 18]l Table 29 ST ¥7)
«

Anj
o
0 Ho o |0 ox it o ow MY

0] $FTE KL 6.5 oS T B§EE

FTaFBS} =W Fo 4T Yt FOFB 2 AGdH AP Z2A3E 24 BRY FaFE

= S mEHHA TAStE Y FFES FQ2 =W 349 AR 231 =W g vE= A

A o2 AAsta £aFHY A A, F, A T A AAFEJE W, 278 AUy Aol F
F ugro gz ol A mAg A AAE 1B  Ae AFAS YEFYI Version 1. ~ Version 4.9

- 112 -



golo] e FaFn xjel BE 228 A

h=i]
=

o E
2E B4 A7

D S 7 AVFEE S A, A0, ASE

Version 1., Version 5. ~ Version 8.2 W3} uj
FAFE AARIA F AX7F /M Nz A e
shS & 4 A 283 Version 1.3 Version 5. ~
Version 8.9 A& &3] 172 dud A5 M4
8 Fa2F1r AXE WA= ofEE A
7 o] old wiwA s Wz FAE A
HARE A7 X, A3 UgFoz o i,
A 4 HEAI7= UYo OFE 49y A
Mo F&3HA FE&the AHES & 5 AT

Table 28] 2717 WA)e) o]Z Ane} A7 AH

g o

A

=

of g

A3}E Blustd Fig. 33 o] AZdEHEY 3
HEXE dqFye] ¥ 52 FHEE YETh 2

A 2582 A9 golol g 2AAA

3] 12 X (Lateral Groove), AFO] Z(Sipe), @ Zt= 5
o] BF AejE FEHE AFHAY WE ol =

gtd AEE Ae i ol 4 o
Correlation (Strain Factor)
10
‘\:{iﬁ4 R®=0.9188
g
a ‘-.-‘erx
= ver.
T e -
o
¢ Ve ® \ers
) \ar.1
g [ 2 3 g B
Lateral force
(a) Lateral force variation
Correlation (Strain Factor)
/
Ver.3 Verd
8
= o Vor2 /
a 2 —
g A2 =0.6945
E‘ Wer, _
o] Ver.5
5 Ner ¥
er.6
* Ver:1
2 4 8 8 10 12
Distance (Standard Groove)

(b) Distance variation

Fig. 3 Cormrelation of groove wandering

32 DRHA Molg 53t 7|F3Y MY
FIFH Y Fig 49 o] nFA~E 4Y3l=
WHe H8g T3 VFTES AR 295 HS3)
Aot 1 FHA2E spol=ER2EYY B 2= A
A& 93l Eolojo FALTFS V|FORE o T
FH B @HZ 9 80%, FA= 0.05mmE A =5
Aom gfolojel FUT HIL=E AFE-SIATH

(a) Design of rubber fence

(b) Sample
Fig. 4 Design of rubber fence

aeja HAHstE nRsse] 4 e =E6
71 918} Fig. 59} Zol F 4 7HAe] Ao T

B el Adste] HSsAH

Rubber Fence Position

. ._/’
‘B R B R 4 R
.
Contact|
Length

(b) Version 2.

LN N

LN N

(¢) Version 3. (d) Version 4.

Fig. 5 Test version

- 113 -



2 S A7 A, A 10H, AlSE

LU AE R 22 2718 F 4o FaFuv)
AAFo] da HA] Zol(Contact length) Woll LF-
Axrh AAY e ALAL o AFJEch

Version 1.2 Z47Zte] FOF 8o nFAX7} 3 §

o2 49 Ho] Yow AU 1Ae [A Lol
o] 1gujoln ZAxE vy FHow Ho] 9ut
Version 2.2 ZIFH 7} X 2-A2 oz AYE
ol o AAFE FL& HA Zol9 o.8ujolx
Z} & & Version 1.7 2o 419} 7+40] HA Zo] B
t oW 7R Ayl ALFow v AXHS

o] gt} Version 3.9 49 %= Version 1.7 2
T 44 74 2 ZF= & Version 2.9F 2T} Version
4.9 49 74 ¢ X = Version 3.3 211 Fig. 63}
2ol ZAx7F =7 71EoA 4] ol Ut

— A

-

N

!

Fig. 6 The rubber fence of version 4.

AP Fig. 73 22 1/4 7+ 22 (Car model)S ©]
83t 120kpholl A1 30kph7}*] HAAE-The
(coast-down) W2]o 2 ZH3slgon F7|t 2 &=
Z7L TRA. A BF02 W% E=dairh

PN
alss

Fig. 7 1/4 car model

5 AAE AYSHA g2 Eolojg 233 F
Version®l] W3t Alg A= Fig. 83 £Za 49
o]AdS YafAl AW (colormap) 7IHOE FHE}
o 7tESE Fagolal Al252 RPMOTh 2
=4 AVle HER FEH EEFE S99

Fol ol e ojmlgct,

4 oz 3R op

(¢) Version 2. (d) Version 3.

(e) Version 4.

Fig. 8 The result of indoor test

Fa~7F AYJEA gL Elolo] (@) &
000~1100Hz AFo]ell A &= F=5Fol gl
Zo

gol HHES & 5 Utk ol 7]

N
N4
ol —

7)
3™ Version 4.>Version 3.=Version 2.
Version 1.2 71 &2371 gl & 4 ot
FHEE HA dolht #2 HFoE A
T #Hl2Tt 3 Foll A&HoF HA Aol
Z+&3H stH FAFHE XY I BEE9] §
T d&FHoE wEstA dva #oEH, =9
it 7120l dERY A4S 58 HEAE &
3

AHg-3hof

S AHEE AZo =2 L

- 114 -



golo] AR FFR Aol BE 1FH A6

D S 7 AVFEE S A, A0, ASE

Pa
dE(4

s00 TOO 800 900 10001700 12001300 1400 1500 160017001800 2000
Hz

(a) 60kph spectrum(inside)

1
500 OO 800 900 1000 110012001300 1400 1500 1600 1700 1800 2000
Hz

(b) 80Kph spectrum(inside)
Fig. 9 The result of spectrum

Table 3 The result of outdoor test

Velocity Non-fence Version 4.
60Kph 45.9dB(A) 44.9dB(A)
80Kph 50.1dB(A) 48.3dB(A)

Fig. 95 %% 60, 80kph®] H&ollx g W7 &
AX e AF ARE JdelH 725E T A=
A ot S e 28l A 1
F AYEA @22 glelojola AL Version
) . 1000Hz W< thollxe] A7} ol
A BZo] A A HEAME 7|FFE A7 &
H7b EHEA vetde AS AT 71 ok
Table 3 Fig. 994 900~1100Hz F7Fell A2l RMS
%S JeEldd. 60kphe] 73 1.0dB, 80kphe] 7%
1.8dBY] A7 &7 IS AT & Uk

£ ATl Eel

ady A% 9P

H o
b= O}‘N
I
it
(=
e
X
o
R=)
il
4
o -t

3. %%, 99 45 54 A =7 dA] WA
°Z Q% Ak WlE EAE FoY] A FaF
B A7 W] utg Sel=Edd A 540
0§ A% 271 2 48 He 58 A% gzosw
FTIAFE HAH3 AAVIES 75 dFolH

1. Peters J. M.., "Application of the Lateral Stress
Theory for groove Wander Prediction Using Finite
Element Analysis", Tire Science and Technology,
TSTCA, Vol. 29, No. 4, October-December 2001,
pp. 244-257.

2. T. Doi and K.Ikeda, "Effect of Tire Tread Pattern on
Groove Wander of Motocycles", Tire Science and
Technology, TSTCA, Vol. 13, No. 3, July-September
1985, pp. 147-153.

3. Lee, D. H. and Song, H. Y., "A Study on the Sound
Absorption Performance of a Helmholtz Resonator
Combined with Porous Materials", Transactions of
the Korean Society for Noise and Vibration
Engineering, Vol. 19, pp. 628-633, 2009.

4. Haa, S.T. and Kim, Y.H.,
Applicability of Helmholtz Resonator, Regarding as

"The Limitation and

Equivalent Single-Degree of Vibration System",
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 4, pp. 209-219, 1994.

5. Zinn, B. T., "A Theoretical Study of Non-Linear
Damping by Helmholtz Resonators", Journal of
Sound and Vibration 13(3), pp. 347-356, 1970.

6. Kim, S. R. and Kim, Y. H. "Absorptive

- 115 -



B8 -GS FET - BN

=71 Al 7 83 A, A 103, AlSE

Characteristics of a Helmholtz Resonator Damper by
a Flexible Porous Screen", Proceeding of the
KSNVE Annual Spring Conference, pp. 865-868,
2005.

. Tang, S.K., "On the Helmholtz Resonatots with
Tapered Necks", Journal of Sound and Vibration,
Vol. 279, pp. 1085-1096, 2005.

. Song, H.Y. and Lee, Y.C., "A Study on the Design
Parameter of a Resonance type Absorber",
Proceeding of KSNVE Annual Autumn Conference,
pp. 964-968, 2007.

. Shu, F., "Reduction of Tire Groove Noise Using Slot

Resonators", Tire Society Conference, 2008.

- 116 -



