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Table 1 Basic components of friction material
Mass fraction/%
Sample No.
Phenolic resin ~ Nitrile rubber Aramid pulp Graphite Cu-Sn BaSO, Others
J 6 3 1 8 0 22 60
Cl 6 3 1 8 3 19 60
C2 6 3 1 8 6 16 60
C3 6 3 1 8 9 13 60
c4 6 3 1 8 12 10 60
Note: J is basic sample.
#2 Cu-Sn GEMPHLTLhE
Table 2 Physical properties of copper-tin alloy
Chemical composition, w/% Particle size distribution rate/%
Apparent density/(g-cm )
Fe Cu Sn >149 pm 74-149 pum 47-74 um <47 pm
- 89~91 9~11 3.2-35 - <2 <45 =55

25 35 45 55 65 75 85
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Fig. 1 Morphologies ((a), (b)) and XRD

pattern (c) of copper-tin alloy
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Fig.2 Process flow diagram of friction material preparation
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Table 3 Press process for brake pads

Pressure/ Dwell Evacuation
Procedure
MPa time/s time/s
1 11.5 10 6
2 11.5 10 6
3 11.5 9 6
4 11.5 9 6
5 11.5 8 6
6 11.5 8 6
Hardening 11.5 240
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Fig. 3 Heat treatment temperature—time curves of samples
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Table 4 Physical and chemical properties of samples with

different copper-tin alloy powder contents

Sample No. pH Density/(g-cm ) Porosity/%
J 7.9 2.41 10.27
Cl 7.89 2.46 10.34
C2 7.78 2.48 10.54
C3 7.76 2.49 10.68
C4 7.77 2.51 10.80
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Table 5 Mechanical properties of samples with different

copper-tin alloy powder contents

Sample Hardness,  Shear strength/  Compression/
No. HRS MPa pm
J 65 4.2 98
Cl1 66 43 93.5
C2 68 4.6 90
C3 74 5 85
C4 70 4.8 88
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Fig. 5 Relationship between friction coefficient and pressure

of samples at original braking speeds: (a) 40 km/h; (b) 120
km/h; (c) 200 km/h
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Fig. 10 Brake noise occurence probability and noise index of

samples with different copper-tin alloy contents
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Effect of copper-tin alloy powder content on
properties of automotive friction material

LIU Bo-wei"?, YANG Yang?, ZHANG Yi-fan’

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Hunan Boyun Automobile Brake Material Co., Ltd, Changsha 410205, China)

Abstract: The automotive friction materials were manufactured by dry mixing and one-time mold, and the influences of
Cu-Sn alloy powder content (mass fraction, %) on the physical and chemical properties, mechanical property, friction and
wear properties were investigated, and the brake noise of the friction materials also was analyzed by scanning electron
microscopy(SEM) and X-Ray Diffraction(XRD). The results indicate that the density increases gradually, the apparent
porosity rises slightly, the Rockwell hardness value firstly increases and then decreases, the compression deformation
firstly decreases and then increases, the pH value and the shear strength change little with the increase of Cu-Sn alloy
powder content. The Cu-Sn alloy powder content has unconspicuous effect on the friction coefficient in the case of low
energy load. But in the case of high energy load, the friction coefficient increases, the abrasion loss decreases and the
occurrence of friction noise reduces with the increase of Cu-Sn alloy powder content. When the copper-tin alloy powder
content is 9% (mass fraction), the friction materials has the best properties.

Key words: copper-tin alloy powder; friction materials; friction performance; brake noise
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