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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. The
purpose of this study is to develop the proper method for design of low-cost and to know friction
characteristics of each raw materials. For the purpose of examining the effect of each major raw
materials, we used the Taguchi L9(3"orthogonal matrix and 1/5 scale dynamo machine for evaluation
of the friction characteristics of composite brake pads. By adapting the Taguchi method, it is easy to
investigate the influence of each component in complicated composites friction materials. After
analyzing the testing results by the Taguchi method, the effect of factors and levels infllenced friction

behavior was studied.

.M E

AZate] B olar 7EHez At Y
o &Aooz e AL vFARA HAE)
& weled, AFe TFAUAE viEel
d dUAZ A@e] o3 E Az A
o] g WAANA, FAt FHE5E A3}
#E E=E ZAA7E A2

gxtd] AL2Hn e AL dIBH|AE
o] LEANUXE nlZo o3 €2
7156 LA E FXEA H2A
Hyola wE mdugolart od IHFAG?
1980t FHt7hA] whEaje) ZAR Bol Ak

R to rle i
2o

=2
o of
ol
)

+ gagsa Bate

t A9, 34, FFASANGE 7| AL AT
E-mail : yunheak@hanara kmaritime.ac.kr
TEL : (051)410-4355 FAX : (051)410-4355

Hd Mde ¢33 94 A4S &A%, A
¥ stdo g uhgAe gol AgHo ok
19803t Fuk Ao] w3 B & I(EPA)lA
wolede Bugo) wket HlA 4wzt Rt
EEER

2 §7) NEYAE Agst: 2Ea Bl
A& vt2AE Z2EA(BindenZE AHEHE FAS
7284 A $f(Reinforcement fiber), wHEZAA]
(Friction modifier), Svk#l(Abrasive), %3 Al(Filler)
2 FEHE 10~209F9 7EdRE FAHE
2gARe® 7 989 FF WP, ad

1 AzFAel @ e vaEdel 2AY
E}_.(ZS)
gepd ool @ Fu

2o Arsd B4 Yot
o glold nAHA 4 & =gt
AAA &40 HAmze ol BEHolth o
W 9deql Ao HA %9 Z42 3
AAH M5E sbuod d-sizle] Ade A



A PEE 048 BEAR ASAS A BATH0 BP A7 661

stedol god. ey A AYAEHE oF
3o JIEEE ZAE o 2A3H A¥Es
AHEEHE o] 2L 939 HEor el 49
3} 2 ayet AR S BAEA g ion

73 FHL ZA4A(Robust Design)o] 2k
T &y, F2o #AHE 98 71 8AE F
ANA 7HF Qo] 2 AAE T A go=

EAL AMsle £33 @ dgolrh’?

met B Agode o] AFAEEE o
43td BAE A5a Beola g Al 7
Zte] AAEst AAY nREAY X E %L
Ao H gk},

AR /gy

N
o

2.1 Mgt

gk
S

2.1.1 ORERY uf g 74H]

dutdo s AFAE whEAE 10~209) 744 9]
AEE AHEstd Az, B AFoAE 7&
ANES nFENE 2AEY] Y Azd "
F 1559 AEE AMgst] AFALH L3
o WEE o] &3ty 9 2L WA

o W Z7|dAY A FzALL FAFHH
t}. Table 1914 AB,C,D°|9]8 Ywx] HEE9
TAvE WwlEoR 7 A¥3 dAuE 13
ARt

2.1.2 ObExel M=y

AEHe AL HZ(Weighing), =%

(Mixing),  7}3F(Pre-forming), <YA43¥  (Hot

Table 1 Factors and level of raw materials

Level (V%)
1 2
A Aramid Fiber 16 8
Ceramic Fiber 0 8 16
Xylene Modiﬁed 18 9 0
B Resin
Phenolic §traight 0 9 18
Resin
C Solid lubricant 10 8 6
Friction modifier 6 8 10
D BaSO(Filler) 33 16.5 0
CaCOs(Filler) 0 16.5 33
Others - - -
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Table 3 Test mode of 1/5 scale tester

Test | Speed | Brake |Deceler-at| Temp('C)/
Test name
pattern | (km/h) | Time | ion(G) | Time(sec)
Preburnish Time 50 10 0.3 120sec
1st Eff. Temp. [50/100| 8/8 | 0.1~0.8 80C
Burnish Temp. 65 50 0.35 150T
50/100/
2nd Eff. Temp. 130 8/8/8 | 0.1~0.8 80T
1st Rebur. Temp. 65 15 035 120
Emergency | Temp. 80 4 0.1~0.25 80T
Base line Temp 50 3 0.3 80T
1st
Time |100/50] 9/15 | 0.45/0.3 120sec
Fade&reco.
2nd Rebur. | Temp. 65 15 0.35 120C
Base line Temp. 50 3 0.3 80C
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. 130 8/8/8 | 0.1~0.8 80C
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Table 4 Data of each experiment

Mean Pad Noise Fade

Test Na _Friction wear rate rate
coefficient (mm) (% (%

1 0.41 0.211 0.6 90
2 0.402 0.316 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.C 97.5
8 0.515 0.276 13 84.5
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Table 5 The ANOVA of mean friction coefficient

S/N ratio in experiment

Mean Friction coeff.
S/N ratio ¢ S | V| F |C%)
1 2 3

Factor

A [-7.71}-7.03{-6.49] 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 |-6.86(-725|-7.12] 2| 0.24 {0.12| 1.23 | 6.53
D |-7441-7.16{-6.63] 2| 1.02 | 0.51|5.22| 27.77
e o 0 -
Total 81 3.68
(e) 4| 0.39 |0.098
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Fig. 2 S/N ratio of each factor and level for mean
friction coefficient
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Table 6 The ANOVA of amount of mean wear
S/N ratio in experiment

Amount of wear

S/N ratio ¢! S V | F ¢
Factor (%)
1 2 3
A [11.01]10.73{11.63| 2| 1.27 | 0.63 |0.599| 8.15
B |11.9110.89110.57} 2| 2.96 | 1.48 [1.401{19.05
C 12 [10.11]11.26] 2 | 5.45 | 2.72 |2.579|35.08
D {11.96]11.37{10.03| 2| 5.86 | 2.93 {2.774[37.72
e 0| 0 -
Total 8| 155
(e) 41422 1.06
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Table 7 The ANOVA of S/N ratio for fade rate in

experiment
Fade rate C
i ! F
Factor 1 S/N 2rat10 ; ¢ S \Y %)

0.02 | 0.01 10.111} 0.70
B |39.23[39.47|39.81 0.51 | 0.26 [3.113] 19.44
C  ]39.25]39.56|39.69 0.31 | 0.16 |1.889| 11.80

A [39.54]|39.52(39.44] 2
2
2
D {39.69{39.93|38.88| 2| 1.80 | 0.90 [10.90| 68.06
0
8
4

2.64
0.33 |0.082

Fig. 4 S/N ratio of each factor and level for mean
friction coefficient
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Table 8 The ANOVA of S/N ratio for noise rate
in experiment

Noise rate c
Factor S/N ratio ¢ S v F %)
1 2 3
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 |308.44|3.39|49.60
C |-17.05{-26.65{-29.72| 2| 282.41 |131.21|1.44(21.10
D |-18.72]-30.78{-23.91] 2| 219.55 [109.78|1.21|17.65
3 0 0 -
Total 8|1243.69
(e) 4{ 564.40 | 91.10
- S/N ratio of e }
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ikr o B B | i
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Fig. § S/N ratio of each factor and level for mean

friction coefficient
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