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ABSTRACT

This paper deals with experimental evaluation methods for high speed judder on the brake-caliper
system. Firstly, two types of brake caliper systems due to the wheel vibration was evaluated.
Secondly, the high-speed judder of the brake was also investigated using the subjective rating evalua-
tion in the high-speed road test. These experimental evaluations were carried out by changing the
materials of brake pad and the specifications of the brake-corner module. Based upon the test results,
a new specification of the brake pad, 15x5 vertical chamfer, was proposed. The new brake pad
showed 3 points, 60 %, improvement in the subjective-rating evaluation comparing with conventional
one. Besides, we need to decide properly with judder characteristic of pad material and have to care-
fully take into consideration other design parameters; caliper, disc, and the braking performance, du-

rability, squeal noise.
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Table 1 Brake caliper modules specification

Module | Wheel Disc . Pad
. . . Caliper .
name size specification material
Module . 16 inch FM Co.
A | oimeh b tilated | TRW | EM4108
Module . 17 inch AK Co.
B | 7imeh | entilated | MA790 | Ns26sH
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Fig. 5 Frequency spectrum of y-axis steering wheel
vibration for brake caliper module A
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Fig. 7 Frequency spectrum of 3-axis vibration on
steering wheel for brake caliper module B

Jsol Adz Qe sl lEs

e
&
30,
5

A
o,
o
ol
oo or e el o

olme] A HE FuFE 173 HzR 5ol A
%7] DTV F=°] 10 imolatz vj§- ¢33k 4=
dellle EFatal, dFe] DTV 9& d7HA=

o] duslo] xglel 84 W Qo] W
JOE qu(y) upeko] zl=gko| X, Z H}gko
urt dudor 2 vehbs A4d 5

i

i
o
o



Seonghwan Kim et al; A Study for High Speed Judder Evaluation on Brake System

Caliper Module A
- Caliper Module B

Development Target

Fig. 8 Judder Sensitivity by steering wheel response
on vehicle deceleration with off braking

Ae]¥ BE A9 BTVEAS HIWslS
°] BTV(brake torque variation —E;* o
ol WA SRl & 9,

ON::
u&ﬂ*;&
to & n@

B° BTV 54°] AHE fiddh=s &
Eiaivosd

2.4 dE|ly &Y AP XA
Hlw HIt

Y Aol AYH EE A% BE 44
ApeFe] A ghel gk 3 Hol AY Wl
J7rste] AbEd A3E Fig. 8¢l YR

Fig. 89] XA K-index#ke]
2 80~85kphZ 2] (2)°] <J&l ke AAk3E
23 BE A A 348, Yy HE
36302 o] Hrlol H&H 2/ BE BT
o UERAL A B e 150]"6P
Fo H7t 2 EX 45 ] 2d] o)
Zb= ARE A ol WAl Ay 3
Aol tha Aolgh AdS vEehy HByola 7

go ofg FET AF 540 7|dd A
T

s BgE

ol
N
ot

r
o
bt

I
bt
-

¢

i

2.5 A Nu dMsi 28E A gt
=g g9 Foi4 Hluw

25k apege] g & ZE
A o R 17Hz, AT WO R 33Hz TIFE
LERH AT

Elojo] Hof| B4 AFS Fasto] A
o)gh xgk o] AF —erJr—’F—‘E

FakEsl M7 g

-1>
il
)
N

Judder Frequehcy Spectrum

(120g Unbalanced Weight)
04 a: Judder Frequency(17Hz)

b : Unbalanced Weight
(1209) Frequency (11Hz)

00 1135 1727
0 10 20 20 40
Hz

Fig. 9 Frequency spectrum on steering wheel re-
sponse for brake caliper module A

1850} 040

Time
Amplitude

0.00} 000

000 H 6000

Fig. 10 1st order Waterfall diagram and frequency
for brake caliper module A by judder vi-
bration

67.25) 040

Time
Amplitude
g

0.00} 000

000 H 6000

Fig. 11 1st order Waterfall diagram and frequency
for brake caliper module A by unbalanced
mass with forced vibration

AATE o] AL Fig. 103} Fig. 11914 HiE upe} 2+

o Al Ad WHE BAE B A 55 4

Transactions of the KSNVE, 23(4) : 485~494, 2013 | 489



Seonghwan Kim et al; A Study for High Speed Judder Evaluation on Brake System

ofgtaz} st ot Al HEel <3 Ay Fopeet
AYE fEshs F97E AR b8 FoE 7
A He 235 Yedidla, =9% d3 (1209

RAR F A A A% A WG B A
H EHS AT A AP 2 & e A
4ol A wolx S 23 51U 492 A
247804 A5 sk o] Helola Ay wE
o o3 o obdl Aol WwLt WA 54

Y
0.5
Frequetncy Spectrum of Steering
0 Wheel vijbration X-Longitudinal
03 Z-\ertical
°
o g
o
£
<02
0.1
/N M
b/]1639 AW AN
Y ‘J\" A A
0.0 1337 ATy

Hz
Fig. 12 Frequency spectrum of steering wheel with un-
balance mass(120 g) attached on rear wheel

Caliper Module A
Caliper Module B

| Development Target

10

160 1560 110 130 120 110 100 0 80 70 60

Fig. 13 Judder sensitivity(K-index) of steering wheel
with unbalanced mass(120 g) attached on rear
wheel

490 | Transactions of the KSNVE, 23(6) : 485~494, 2013

e ARy,
ARAL9F M e o ek FET fHE,
AsHAl HAES gelersitt

el 7Hl Aol Atz yEh= A
7t A= 120 g0 AFS F-Este] Bt
Ao XY,z RE WERS spske] gubs
EA47 A3 g2A depds gRlEsith o)A
kel A&H Aol A A=l WiftE 9

(1) 1% Fg=dAe 4% Ad 37}
A% & AY F9 9rke neeld u& Ay
H

o

7 RE(Type I -)E A&sklaL A2 A7t
WL Table 29} Table 39 ZHzt YeRHQI T

H7kA Al & 160 kpholdo® 7h&e o)
= 02~05¢°] As HAHFERE 53] A% At
60 kph7HA] AHAA Q1 7h&0 7 apekal z3F Po 2
ol frdEEA gl Table 204 A5H

[ =
bumnishi= 7} 24D 5= Sl= F7PE oRE

oL

Table 2 Brake high speed judder test(type I)

Vehicle irrl)i?fal Braking
speed(kph) P, deceleration(g)
Vmax(130 kph) 80 C
— 50 kph 150 C 02g/035g/05¢g
deceleration 200 C
Vmax(160 kph) 80 C
— 50 kph 150 C 035g/05¢g
deceleration 200 C

P>Initial Pre-Burnish 10 times(new 200 times braking)

Table 3 Brake high speed judder test(type II)

Vehicle irﬂ?ﬁal Braking
speed(kph) P deceleration(g)
Vmax(160 kph) 0.4~05¢g
— 80 kph 80 C | | WOT + 10sec, 5 stops
deceleration (last full stop)
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High Speed Judder Test Type I for Caliper Module A
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High Speed Judder Test Type I for Caliper Module B
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