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A Study on the Friction Characteristics of Automotive Composites
Brake Pads Using Taguchi Method
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Abstract

It has many variables and factors to design the friction materials for automotive brake pads. In this
study, the friction and wear characteristics of automotive brake pads have been studied using 1:1 full
size dynamo meter. Using conventional manners, it takes a great of time and efforts to know that it
affects the each raw materials for friction characteristics. For the purpose of examining the effect of
each major raw materials, we used the more convenient Taguchi L9(3%) orthogonal matrix and 1/5 scale
dynamo machine for evaluation of the friction characteristics of composite brake pads.
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Table 1. Factors and level of raw materials
-

Level (V%)
1 2 | 3
A Aramid Fiber 16 8 [} ,{
Ceramic Fiber 0 8 16
Xylene Modified
R 18 9 0
B Resin
J Phenoli i
] enolic ?u’alght 0 9 18
Resin
. : 7 1
Solid lubricant 10 8 6
Friction modifier 6 8 10
BaS0:(Filler) 33 16.5 0
CaCOs(Filler) 0 16.5 33
Others - - -

o] W} A AA HEHLE FAFGHAY
Table 1914 ABCDolgle] vHx] FRE9
Aol vwZlEeE 7 AYED A2 G A
2t

Table 2. L9(3") Orthogonal matrix table

No The array of factors and level |
) A B c D
1 1 1 1 1
2 1 2 2 2

3 1 3 3 3|
4 2 1 2 3
5 2 2 3 1
6 2 3 2 1
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

222 oiERfo| HEgh
AP H e AzL Weighing, Mixing,
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Fig. 1. The configuration of the braking systems.
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Table 3. Test mode of 1/5 scale tester

Test | Speed |Brake|Deceler— | Temp(C)/
pattern |(km/h)| Time | ation(G) | Time(sec)
Preburnish | Time 50 10 0.3 120sec

Ist Eff, Temp. |50/100] 8/8 | 0.170.8 80T

Bumish Temp. 65 50 0.35 150C
50/100
2nd Eff, Temp. /1/30 8/8/8! 01708 80T
1st Rebur. | Temp. 65 15 0.35 120C

Test name

Emergency | Temp. 80 0.170.25 80T
Base line | Temp 50 3 0.3 80T
Ist
Time {100/50| 9/15 | 045/0.3 | 120sec
Fade&reco.
2od Rebur. | Temp. | 65 15 0.35 120C
Base line | Temp. 50 3 0.3 80°C
2nd
Time |100/50|14/15 | 0.45/0.3 | 120sec
Fade&reco.
3rd Rebur. { Temp. | 65 15 0.35 80C
50/100
3rd Eff. Temp. N0 8/8/8| 0.170.8 80T

1AL HmmX18mmX5te] FHRoT Ay
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o] o, A : Wheel cylinder area(m?

T : Braking torque (kgf * m)

P : Braking press (kgf/cm?

r : Tire effective radius (m)
o2 AFA W3 AFEA Torques} Press’t =
AH prt AEANHD, T FE] FF
AEste] A9 Data®A #8315 th
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Table 4. Data of each experiment

Mean Pad Noise Fade
Test N Friction wear rate rate
coefficient]  (mm) (%A (%
1 0.41 0.211 0.6 90
2 0.402 0.3186 62.7 90
3 0.422 0.335 30 93.6
4 0.466 0.338 9.9 86
5 0.428 0.267 67 98.5
6 0.443 0.272 46.2 100
7 0.473 0.229 14.3 97.5
8 0.515 0.276 13 84.5
9 0.436 0.285 16 100

32 oopaAH o Zn /nE

Bvt 2 A 49} DataZ 54 (Lager-the-be
st type characteristic) 2.2 #7leto] nfa A4
woled 7b¢ 7|9 E St AXE Table 59 &
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Table 5. The ANOVA of mean friction
coefficient S/N ratio in experiment.
Mean Friction coeff.
Factor S/N ratio ¢| S | V|TF [C%)
1 2 3
A {-7.711-703-649| 2 | 2.27 | 1.13 |11.59| 61.60
B |-6.96|-7.02]-7.26| 2| 0.15 |0.076; 0.77 | 4.10
C |-686(-725/-7.12| 2| 024 |0.12{1.23| 653
D |-744|-7.16{-663 2 | 1.02 | 051 |5.22 | 27.77
e i 0| 0 -
Total 8| 368
() 41039 Jooos| |

2 dgex Fulg nds B o, g npF
A+E Jells =32 A3BICIDAY H3, 3F
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9] AE7} F7] Qg u@dAF 24 GRS
T Ae=m Alsdy, agla o gl DRI
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Fig. 2 S/N ratio of each factor and level for
mean friction coefficient.
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Fig. 3. S/N ratio of each factor and level
for amount of mean wear.
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Table 6. The ANOVA of amount of mean wear

S/N ratio in experiment.

Amount of wear c
i S|V IF

Factor . S/Nzratlo3 ¢ %)

A ]11.01/10.73|11.63| 2| 1.27 | 0.63 |0.599} 8.15
}_ﬁ 11.91/10.89|1057| 2 | 2.96 | 1.48 |1.401{19.05
Y 12 {10.11|11.26] 2 | 545 | 2.72 [2.57935.08

D |11.96(11.37|10.03| 2 | 5.86 | 2.93 [2.774|37.72

e 0] 0 ~
Total 8155

e | | 4]422] 106 \

Table 7. The ANOVA of S/N ratio for fade rate
in experiment.

2 A9 Noise& S WAEXHOE Hrisiq 7}
4 22 NoiseZ YellE d 7198 8= Az}
= BRI FAIZA 49%9 7]199&& eI
th FrlE A9Rd 438 932 oXes Ao
2 Yes, CAAY] vt@dz A7 A oj=F
E 9% Jehiidt 9utgos nt3zRA 9
%ol AUAH Noised] 428 F9Fe F3 o
"3 Aol A vepdzn A AR B
APdME 2 Fol AUA ez o} X9 9
Froe e Aoz eyt

Table 8. The ANOVA of S/N ratio for noise rate
in experiment.

[ Noise rate c
Factor - S/Nzratm - ¢ S VvV I'F %)
A |-20.35-29.81|-23.16| 2| 144.85 | 72.42 |0.80|11.65)
B |-12.86|-31.58/-28.97| 2| 616.88 |308.4413.39149.60
C |-17.05|-26.65-20.72| 2| 282.41 |131.21!1.44/21.10
| D [-1872/-30.78/-2391| 2| 219.55 [109.78(1.21[17.65
e 0 0 -
Total 8|1243.69
(e) 4] 564.40 | 91.10

e e sl s | v | £ c |

Factor 1 zratlo 3 (%)

A 13954(39.52)39.44| 2] 0.02 | 0.01 [0.111] 0.70

B 139.23|39.47/39.81| 2 | 051 | 0.26 |3.113} 19.44

C 139.25/39.56/39.69! 2 | 0.31 | 0.16 11.889; 11.80
D 139.69]39.93|38.83| 2| 1.80 | 0.90 110.90| 68.06

e 0/ O ~
Total 8| 264

(e) 40330082
S/N ratio of fade %
a9 AR
A A2 A3 B B2 B3 Ci c2 €3 D e D3
40.2 - — — + ]
40
.\ A

by AR S A\
oo 7 =

£ w2 N 7 \:
% \

38.8 ‘

3.6 |

38.4 4

w2l o il ol

Fig. 4. S/N ratio of each factor and level for
mean friction coefficient.
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Fig. 5. S/N ratio of each factor and level for
mean friction coefficient.

—145—



4.4 8

= 1T
o721 1L93Y) Azl g o3t whztA o)
SAEY da 4PT 2ee v 2o

1) B AgdA FFodA g oled M3
& QA= | Aramid AFEY oA eE A=
3 WdAol $-%% Ceramic fiber 16v%7t 3
7tg AR dLol FAA FolAddt. FAA
E CaC0z9] %¥0] BEFE FTnpRAF7t =}
e A% dedith

3820%F HFuRAASFE HeAFed 7B &
P72 AR WA= A3BICID3AT.

2 HEAY AA/ZoE FF twRe Had
st o Rzl & 9 #lAE= A3BICID3R
o & 7ldgel 7Y 2 ARE FAAS nA=
ARG, 27t 37%9 3% A WEF 7o
&2 YEID, 44 E@ 19%9] 7198 g
gt DA A@nRALAE 2
BaSO/t BE&4E mlEo: & 9%& T 73
$2 =, ol mhEsh mEASs Wl
e 42 agz wyss A3y

3) Fade® g FAsatesd &3st & dxbey
2 glA= AIB3C3ID2Y I, °)F 71 & 7199
e AA 2247 68% A, FAIL 19%9 7]
o4 &g Yerdth A= 44 165v%H 4
o) 7o) 7% & UFaded&S JENRN, I
&S StraightA 9 %ol F/NHEFE F& W
FadeAd-& “ERAAT

4) NoiseE FHA3&=d adst 2 A9 F&
W X]&= AIBICIDISZ Uelygth o F 7+ &
71U AbE 49%9 FAZ  HAl @AAFA}
Noised] £2 A& & F YUd. 2 gFol
219%9] CAARA TAZLEAY Yol F/NHEFE
Noisedl £& 7S Hehdigid. o 4ddL
2 AR L uFZARAAY 9o BEFE
Noisedl &= 288 I9F S = AL ¢ F AN

.

—146—

5. % 71
ATE AEdela FIEFAL IF
old A AHEA ZAE=EH

ita]

IEH

(1) AE. Anderson, Materials
Performance Issues”, in Proceedings of Fibers

"Frintion

in Friction Materials Symposium, Friction
Materials Standard Institute, 1987.

(2) FAEgola 7l¢ATF4 “PF2A Aramid A
f A& AET1995.

(3) Madhav.S.Phadke, "Quality Engneering
using Robust Design”, AT&T Bell Lab. 1992
4) G.S. Peace, "Taguchi Methods. A Hands-On
Approach to Qualiy Engineering,” Addison -
Wesley, 1903.

B) & F “‘BREYLKBEIE-27FAY 2 F
AP, BARBERE,1990.

(6) Katushiro Shibata, Akira Gato, Satoshi,
Yoshida, Yuichi Azuma, and Koji Nakamura,
"Development of Brake Friction Materials”,
SAE Tech. Series, 930806

(7) KS R 4024 -1994, JASO C418-91, ISO
7881-1987(Road vehicles-Brake linings -
Evaluation of friction Coefficient Identification),
SAE J661 AUGS7(Brake Lining Quality Control
Test Procedure) and SAE paper 710249.



