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Tribology of friction materials containing different metal fibers
Kil-Ju Ko and Ho Jang

Division of Materials Science and Engineering, Korea University

Abstract — Friction and wear properties of brake friction materials containing different metal fibers
(Al, Cu or Steel fibers) were investigated using a pad-on-disk type friction tester. Two different
materials(gray iron and Al-MMC)) were used for disks rubbing against the friction materials. Results
from ambient temperature tests revealed that the friction material containing Cu fibers sliding against
cast iron disk showed a distinct negative p-v (friction coefficient vs. sliding velocity) relation
implying possible stick-slip generation at low speed. The negative p-v relation was not observed
when the Cu-containing friction materials were rubbed against the Al-MMC counter surface. As
applied loads increased, friction materials showed higher friction coefficients comparatively. Friction
materials slid against cast iron disks exhibited higher friction coefficients than AI-MMC disks during
high temperature tests. On the other hand, high temperature test results suggested that copper fibers in
the friction material improved fade resistance and the steel fibers were not compatible with AI-MMC
disks showing severe material transfer and erratic friction behavior during sliding at elevated
temperatures.
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Table 1. The amount of raw material ingre-

dients used for friction materials [vol.%)

Raw materials Content
Al fiber
Metal fibers Cu fiber 15
Steel fiber
Organic fiber Aramid pulp 15
Binder Phenolic resin 20
. Graphite
Solid lubricants
MQSZ
Abrasive ZrSi0y
Friction modifier Cashew 5
Barite 26
Fillers
Ca(OH), 4

Table 2. Physical properties and dimension

of metal fibers used in this study
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Physical properties Al Cu Steel
Length[mm)] 1~2.7 1.2~3 1~2
Diameter[mm] 0.1~0.05 0.05 0.04
Density[g/cm’] 2.69 896  7.87
Thermal conductivity
0. 0.4 .
[W/mmK] 22 0 0.05
Specific heat[J/gK] 0.896 0.385 0.461
Coeff. of linear
expansion[10°%°C) 225 17 t.7
Mohs hardness 2~2.5 2.5~3 5
Elastic modulus
(kN/mm?] 65 115 208
2 AFAE nHRA) A4d FHA
o TFE 15 vol%E J-ZOE}‘};{ on
A
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(b) AI-MMC
Fig. 1. Microstructures of two different disk

(a) Gray cast iron

surfaces used in this experiment.

Table 3. Physical properties of gray cast iron
and AI-MMC

Physical properties ~ Castiron ~ A356+30%SiC
Density[10°kg/m®] 7.2 2.85
Specific heat
498 1.0
e K] 0 27
Thermal conductivity
47. 148,
[W/mK] 7.3 1
Coefficient of
thermal expansion 12.6 17.4
~ (50~100°C)[10°K1]
Hardness[kg/mm?] 70~90 98.412.4

B Ay M= pad-on-disk FENY A&
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Table 4. Friction test procedure used in this

experiment
Speed IBT:50C, 15sec(drag),
sensitivity 0.4, 0.5, 0.6, 0.7Mpa,
test 09,1.1,1.3,1.5,1.9,24,2.8, 3.8m/s
Constant IBT:30°C, 3.3m/s, 0.9Mpa,

interval test | 60sec(drag) & 20sec(interval), 8times

IBT:100°C, 3.3mys, 0.6MPa,

Wear test 3min(drag), 20times
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(a) Cast iron disk
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Fig. 2. The. coefficient of friction as a function of speed in the case of using three different
friction materials containing different metal fibers. Two different materials ((a) Cast iron, (b)

Al-MMC) were used for counter disks.
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Fig. 3. Change of the friction coefficient during constant interval test using three different
friction materials containing 15 vol.% (a) copper, (b) low carbon steel (¢) aluminum. Gray cast

iron disks were used for these tests.
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(c)Cast iron disk(left) and friction material A

Fig. 4. Rubbing surfaces of cast iron disks
and friction materials after constant interval

test(CIT).
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Fig. 5. Change of the friction coefficient during constant interval test using three different

friction materials containing 15 vol.% (a) copper (b) low carbon steel (¢) aluminum. Al-MMC

disks were used for these results.
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(c)AI-MMC disk(left) and friction material A
Fig. 6. Rubbing surfaces of AI-MMC disks
and friction materials after constant interval
test(CIT).
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Fig. 7. Specific wear rate of friction
materials normalized by friction energy
accompanied by the level of friction force

during wear tests(IBT:100T).
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