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Effect of Filler Size on Performance of Automotive Brake Friction Materials
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ABSTRACT: Objective To study the effect of filler size on friction and wear properties of phenolic resin matrix friction materials.
Methods Zirconium silicate, alumina, graphite and vermiculite were selected as fillers of friction materials. The friction materials
were prepared by hot pressing method, tribological properties were tested on X-DM friction testing machine. The design method
used in this paper was orthogonal test, and range analysis method was used to analyze the standard deviation of friction coefficient
(COF) and the wear rate at high temperatures to find a best formula of the friction material. The morphologies of this material and

normal friction material at different temperatures were studied by SEM. Results The results showed that with the increases of zirco-
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nium silicate and alumina particle sizes, both the COF and the wear rate at high temperatures were increased, but too large or too

small zirconium silicate and alumina particles would result in instable COF; the size of graphite had little effect on friction stability.

With the increase of graphite size, the wear rate at high temperatures decreased; with vermiculite size increased, the friction stabil-

ity deteriorated and the wear rate at high temperatures increased. Conclusion When zirconium silicate and alumina particle sizes

were between 320 ~400 mesh, graphite particle size was between 100 ~ 200 mesh, vermiculite particle size was smaller than 80

mesh, the friction material had the best friction and wear properties, with high and stable COF and relatively low wear rate, and the

performance of thermal fading resistance at elevated temperature was excellent.

KEY WORDS: friction materials; filler; particle size; friction coefficient; wear rate; orthogonal test
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Tab. 1 Grading of filler size ( mesh)

Zirconium

Level ilicate Alumina Graphite ~ Vermiculite
1 -400 -400 -200 -80
2 +400-320  +400-320  +200-100 +80-40
3 +320 +320 +100 +40

Note: —320 indicates particles pass the 320 mesh griddle, +320
indicates particles cannot pass the 320 mesh griddle , +400—
320 indicates particles can pass the 320 mesh griddle while
cannot pass the 400 mesh griddle.
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Tab. 2 Design of orthogonal test

List 1 2 3 4
Zirconium . . N
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Tab. 3 Testing results of friction and wear performance

Wear rate at

No. Average  Standard deviation high temperatures
COF of COF I S
/(x107" em” *N™*m™ )
1 0.360 0.0302 1.81
2 0.362 0.0285 1.23
3 0.362 0.0317 1.64
4 0.352 0.0293 1.95
5 0.366 0.0263 1.03
6 0.367 0.0267 1.50
7 0.360 0.0323 1.90
8 0.365 0.0328 1.75
9 0.363 0.0307 1.63
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Tab.4 Range analysis of standard deviation of friction

coefficient
A B C D
K, 0.0903  0.091 0.0897 0.0872
K, 0.0823 0.0876 0.0885 0.0875
K; 0.0959 0.0891 0.0903 0.0938
EI/ 0.0301 0.0303 0.0299 0.0291
K, 0.0274 0.0292 0.0295 0.0292
. 0.032  0.0297 0.0301 0.0313
R, 0.0046 0.0011 0.0006 0.0022
Optimization scheme A, B, G, D,
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Tab. 5 Range analysis of wear rate at high temperature

A B C D
K, 4.68 566 506 5.5

K, 4.48 401 481  4.63

K, 528 477 457 534

K, 1.56 1.89 1.69 1.83

Ky 1.49 1.34 1.6 1.54

, 1.76 1.59 1.52 1.78

R, 0.27  0.55  0.17  0.29
Optimization scheme A, B, C, D,

e 4 X A5 U BT IBE A DR ESOb o g 2 (1 A A 2
SIHTEER, ATLAER R 4 NIRRT E A AR 22 5
TR, U I T TR s ) A A X A Al B8 482 DR B0 o i 2
FIF IR R R, ORI & D, B, C, MR 224307 AT AR
EMALTT %M A,B,C,D, |, i 5 Uk Ak R % TN A AL AR
RLEE N 320 ~ 400 H B, EEHE IR R E . X2 H



- 100 - *® om AR

2016 4F 02 H

YR B AORE RS 3k /NI 3 8RR 458 T ' v R 42 R B
TR/ Ve RIS 3 /NIRRT R s AL 7 0] IR R A, A PR 42
PRI AN, 28 BUEE 82 PRI AR B K, B D RO R 5 > Tk,
T K, Gy i B 45 3% T 7 AR B R KR, 3 1 JEE
JEETE AR FE | DT o8 S A 10 8 4 R 088 T, 24
A2 R N 3K SRR A BT SEURS} S 2 (1 2 1T A SR 2
T AT EE SR AR AT O | 3K 2 1 B KT T EE A
B A B SRR, 7 SRR R ) B 4 DR BORS E M Y
SN S AN B A T TR R DR R ) s e A 5 A B
AN Bt e A RS G O R 82 DRI R A R b 2%
35 N R ERUCR IR 225307, o] DLW 3
2 BHIE D Mtk 2 KK, XUtWIKEE B fEE D
PR JEE A 700 Yoy ek P 4 6 ) S i e R, AR TR A
M C, b7 %N A,B,C,D,, W LUK, A 1b48
LR )2 MV SR R, LR R 03 RRE R A T A 28
LT ek B 48 R ) RS B /D B A R R AR AL
R VR AN OB N5 (S Ly N O S b N AN £
T TR s T A8 A0 U A JBE 4 0o A v 2 AN W ful B 4
T JR I 7% , 1 B ARG R ol T RERR B A4 Ab AR 1Y
BEEERR /NS A S FEAE T, AT LA R 3 i
FE AR L D/ D BT, T A ATTO0 S 0 23 1 5 Ml 5 i
BURHA IR, s R il R aliad /e AR 2
PRI, MR A 5 RT3 K IR S 1 3080
AJEE 82 DRI RSORI BB 101 3 A A 25 20 BT 25 S, AT LA
WAL 7 53 9 A,B,C,D, #l A,B,C;D,, 43l
DI PN BC 7 i BOBE S04 KL IF 4 10 Fl 11, XX
PR A T R 00 SIE 6 JOT 75 P 42 DRI RSORT JE 43 32
FIZESR N 1 FR
AT AN 1) FEE 458 DR 50 S 45 % il 26 R mT LR
10 SR EE 5 DB o, B4 PRUBOT- Y (R
FEIE 0.36 27, 10 11 5308 i TR 5 R S AIE, (02
R A T T A 1) B 400 3 R A o TR Y v iR A
TR PR BE 32T A7 BE P R BRI, 2R 5 K
TPEHE 10 S 1R B S EE 4 DR HEURL ) d5e kL B 21
A, BVEERR B A AR AL AR R BEAE 320 ~ 400 H Z H], A 55
BEETE 100 ~200 HZ [0 AR /N T80 H .,
RHEGUE 10 iR i A IR PEBE , SR TR #8214
TR R oo MUBEHE B B 1L R y RAE, Ho T 5
JrEm A (2) M(3) iR

M
Aep :l:C:; ( 2 )
Iu’min
Y= (3)
/'Lmax

0.48
0.46}
0.441 —=—10
0.42} —e11
0.40}

0.38f
0.36f
0.34f
0.32f

0.30F
0.28f

Friction coefficient

100 150 200 250 300 350
Temperature / “C

a PEENEL

- 0.7t —=—10

% —s—11

100 150 200 250 300 350
Temperature / “C

b SRR
T ol A JEE 4 DR ORI i 3

Fig. 1 Fiction coefficient and wear rate of the two samples
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Fig. 2 Worn morphologies of the samples at different temperatures: a)normal friction material at 150 °C, b) No. 10 sample at 150 °C,
¢) normal friction material at 250 °C, d) No. 10 sample at 250 °C, e) normal friction material at 350 C, f) No. 10 sample at

350 C
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