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High Temperature Fade Behavior of Brake Friction Materials at
Extreme Braking Conditions
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Department of Advanced Materials Engineering, Korea University

Abstract — Tribological properties of high temperature fade were investigated by changing relative
amounts of ingredients in the brake friction material. Based on a simple experimental formulation
containing 10 ingredients, friction materials were tested using a pad-on-disk type friction tester,
Twenty-five friction material specimens with different relative amounts of the ingredients were
manufactured according to the constrained mixture design. The difference(AP=lmax ~Hmin.) of friction
coefficients was measured to represent the high temperature fade. Results from elevated temperature
tests showed that five ingredients including cashew, graphite, Sb,S;, ZrSiQ,, and Cu fibers played
important roles on Ap. In order to find relative importance on fade phenomena among these
ingredients, ANOVA(analysis of variance) was performed in this investigation. Thirty-two friction
material specimens by changing +50vol.% of these five ingredients were tested to examine the
relative importance. Results showed that cashew, graphite & Sb,S;, and cashew & graphite
aggravated the fade behavior and Cu fibers improved on fade resistance.
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Table 1. Basic formulation of the friction

material used in this work

Classification =~ Raw material Content
(vol.%)
Group | Phenolic resin
Cashew 44
Aramid pulp
Group 2 Graphite
Sb,S; 10
MOSZ
Group 3 Potassium titanate
ZrSi0Oy 26
Copper fiber
Filler BaSO, 20

Sum 100

Table 2. Manufacturing parameter of frict-

ion materials used in this work

Specimen . Hot pressing condition
number Time Tempﬂerature Pressurg.
(min.) (©) (kgflem?)
L 270
- 180 25
3 320
4 345
S 270
: 9 200 25
! 320
8 345
9° 270
n 20 |2
il 320
12 345

T, 2 A7) G4 AR whEA Y 4
JZARE, 438, Azl ©e
287 9
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Fig. 1. Data points from constrained mixture
design for each raw material group in the

Table 1.

AT E wtZ A AlSE 9RE
group 1,2,3 02 BFs9 5, 2429
A Fgole AFA Yl
FFE HAAT F 25 Y A

% A (data point)2 Fig. 1 ol YERNITH3]

ot

Table 3. The amount of raw material

ingredients used for ANOVA [vol.%]

-~ D E+ ~ D E+
¢ E ¢ E
D’ E D’ E*
B B-
E E
D" D
+ E+ + E+
C C
D+ E” '»D+ E
A E’ AY E’
D = D -
on o
D* E D* E
B* E’ B* E'
P E* P E*
c* ct
D* o D =

19

Amounts of the other raw materials are fixed.
A=cashew, B=graphite, C=8b,S,, D=ZrSiQ,,
E=Cu fiber. ‘+ indicates 50 vol.% increase
and ‘-’ indicates 50 vol.% decreases from
the basic formulation.
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Table 4. Friction test procedures

Bumish IBT:100°C, 0.7MPa, 150sec, Stimes

Drag IBT:100°C, 0.7MPa, 150sec, Stimes

Constant IBT:100C, 4m/s, 0.7MPa

interval test  20sec(drag)&10sec(off-drag), 20times
IBT:100°C, 4m/s, 0.7MPa

Wear test

180sec(drag), 20times
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