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A Study on the Measurement and Analysis of the Dynamic Stiffness
of a Brake Pad Based on Ultrasonic Waves

AR E A e i G - 0] B

Seong-Jin Kwon, Hyo-Sung Kim, Tae-Ho Kim, Chul-Yong Bae, Chan-Jung Kim, and Bong-Hyun Lee

1. M 8

A5k A Al BASE BAlE 4, 99, ATE,
AAE To=2 BFE F vk o] FolA As A LA}
T Ae @4 A 2 S AAR EAS F
=, Aol tigh Ehs skl AlEel gk FEA
S ol Agigh QAR Zggit}, v Beo]
A A2Fe A% @2 FIg g wet oAl
BRAwh Fo v A58 Al Fube] a1y )
A W EkE A o]=(squeal noise)o|w, o]E tlAT
(disc)®t si=(pad) Atole] 7FHARQI F=213ke] gl whzkeof

71908 Beo]la Alx®le]l FA  EoFgA(dynamic
stability) S oF7]ste] wAgtta deiA 9l

n-

A
25E fhesh d4, = $H dy 2 AF wol= A
7HS ¢J8t DFSS(Design for Six Sigma), 74d A7
(robust design) <] thst HHES AAISSITE $1A
vt sl A (friction material)e] e 24 =3}
23 wolxgpe] AABAE oF 2 Hrlele ATtE vR
gk Aoty

A B A E Hlo]la F=9 ASAR taa
oe] HEmpEs doA AFgS A= 37 8

e olf-Exl HEAQ = viEAe] Aod & 24

£

g

(elastic properties)S Z&3Hultrasonic wave)® 54 4
BAslaA} st} o2 Esle] oW Al (anisotropic
material) ¥ HEA(visco-elasticity)e] AZE 7= I
= wpEAle ek gy 84S FHEke], Hyolm =
wpZA] AAGA AN A wo|zole] FRBAE kAL
2} skelt

T WAL AFFAR-EATY ICE/EVA 583 T41H
E-mail : sjkwon@katech.re.kr
Tel : (041) 559-3337, Fax: (41) 559-3340

x  AEAREATLY ICE/EVTE58-ATAIE

dorz-auls
[perpenccular to the friction surface]

. 2o y-axls
Iparalisito the short axis of pad)

(b) ultrasonic sensor (¢) coordinate definition

Fig. 1 Ultrasonic velocity measurement machine

2. #d 29 58 Ol

2 AFAME Fig. 13 2ol AeAF-EdT9e] B
3t d+ IMS(ndustrial Measurement System, Inc.)2]

ETEK-3000 #Hl& &8sl Hiold dj= vpaEzje] 3
& WEhd 2539 FoEE 9 B EAS SAEIT A
FHHF S SAE(Society of Automotive Engineers) J2725
= AR&sklTh

gloja si= whEAle] A
o, w2}l o] 3wek SkA(transverse isotropy) A
Aol T390 WA A1) o] xdT 5 Urh

A4 Fig. 1(c)9F 2o

[ci1 cp 3 0 0 0 |
s Cip €y Gz 00 0 ’
%y Cg i3 c3 00 0 !
o,|_ e,
S 1F10 0 0 ey o 0 1], o))
T;/Z O O O O 044 1 O "sz
Tay 0 0 0 0O 5 (Cn —Cpg) Yoy

542



AN ot $4 $E, 1 AW 38, = 24 WP, 4

2]
= Ad HEE, ce B A(elastic constants)E UEF E
Wtk o S ThAE Rt 229 Sush dEg z
o 13 4 glon], A@)E el A= sl ¥
a4 EkA ﬁ]T(Youngs modulus, E), A% AF(shear %
modulus, &), Z2+ H](Poisson's ratio, v)& &7s}o] g . ‘ ‘
;F-f‘i?]_— .{[: %1\1;]. V33 V22=V11  V31=v32 V21 V45
Directions
(1 v v ] (a) ultrasonic velocity results
o Ty )
£, £, E, E, 0 00 o, - = A-pad
Umy 1 ,Uzy @ [l B-pad
| "z 5 "z "0 0|
v v 1 Z
8,2 _ Twz yz e (o a
Yoz 1 Tz o ~ =
0 0 0 o 0 0 f 1 : ‘
,Y Tz T C11=C22 c33 C44=C55 [of-13 c12 Cc13
yz 1 vz i
0 0 0 0 ? 0 . Directions
Vay vz ) Tay (b) elastic constants results
0 0 0 0 0 G—w

3. B BY 5T U 24

Engineering Constants (GPa)

2 AT A= Table 13} o] A = wpEAle} B sj=

U]’ E].-ZH% %Ji }qu o]-oq E]-}\‘] DA(S] %zé}\]@vg‘ v?ﬁgﬁ]-%ﬂ\ Ex=Ey Ez=E3 G13=G23 Gi12
Tq" "(ID"}?j., }2)1“%(17 C)Oﬂ/ﬂ ”HE U]';}:_}XHQ] Ho}_ﬁc}:m Z’Q‘-'l]' l?‘ Directions
&L B A T8 B A= Fig. 29F 2tk (c) engineering constants results

s ]

st 3

g Afo|xet Zo] Fe mpEAle] Kk, y¥E)  Fig. 2 Ambient temperature results of brake pads
259 FoEs, B A, 3y e AIgT o Wk

o tplstel 1% A UERES % oAtk EEB A= L
Aol st A sj= v g 2 HETE E) & ——
- - — = . o ——
PARS, 53 S0 ) Aee FRd W AsE 8
A SI= wh2A7E B SIE wh2A) ) 242} 1.83u), 1.674) E Tt T——
o] e 7k olE oA 2Exd wet A3 BW s —=
= - u —4—A-pad
Fig. 3% Zow, 257} Asdss By A5e gads % —=-B-pad |
o % stt 2 =
17 50 100 150 200 250 300

. . Temperature ()
Table 1 Specifications of test samples )
Fig. 3 Elevated temperature results of brake pads

friction materials
A-pad B-pad 4@ =
X(mm) 20.05 20.16 : =
test
sample | Y(mm) 14.79 14.86 B oA E tjag BHyo]|a AlAEle] wj= nfzA o
2 Zmm) 7.94 7.48 W BY BAS Aee 24e) Slste] 299 R
2 =F 1= J- 2] AV ILERA ]
density (g/cc) 2.48 2.09 WS S, A= vk ® A e w7
FE B 4 JdQdh old Ay FF v wpEAe}
test e e A A g vy B4 AREE Tt
S?Tple o] Hgo]d AlxEe] ~g wol= AFA S 913 7
picture
H7)e2 g8 5 9

543



