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Abstract: [ Objective ] The purpose of this study is to develop high-performance copper matrix composites to meet
the requirements of the braking system of high-speed trains after the operating speed is increased. [ Method ] The or-
thogonal experimental method was used to study the copper matrix composites with Cu-Ni-Si-Cr alloys as the ma-
trix systematically, and to investigate the effects of the alloying element ratios of Ni, Cr and Si in the alloys on the
mechanical properties and tribological properties of the copper matrix composites. [ Result] The hardness and
strength of the copper matrix composites with Cu-7Ni-1.75Si-0.75Cr as the matrix were the highest, 49.90 HBW and
171.98 MPa respectively. The results of the orthogonal experiments on the friction factor and the amount of wear
were analyzed, and the comprehensive performance of the copper matrix composites with Cu-7Ni-1.75Si-0.75Cr

as the matrix was the best. Its friction coefficient increases and then decreases with the increase of temperature
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under the condition of 25~650 °C, and the amount of wear increases, and the highest friction coefficient of cop-

per matrix composites is found at 450 °C. The wear mechanism changes from abrasive wear to oxidative wear

and abrasive wear. [ Conclusion] The alloying of copper matrix by orthogonal experimental method is of great

significance to effectively improve the friction factor and wear resistance of copper matrix composites for brake

pads at high temperatures.
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Tab.1 Orthogonal experimental design table
(mass fraction/%)

Experimental factors

Level A B C
Ni Si Cr
1 6.0 1.25 0.25
7.0 1.75 0.50
3 8.0 2.25 0.75
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Tab.2 Composition of copper matrix composites
(mass fraction/%)
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Fig. 1 Microscopic morphology of copper matrix composites
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Fig. 2 Energy spectral surface scanning analysis results and XRD of Cu-Ni-Si-Cr matrix in copper matrix composites
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Tab.3 Mechanical properties of copper matrix composites
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Tab.5 Orthogonal test results and wear loss analysis

Sample A B C Hardness’sHBW i?:éiﬁj;;{fa Sample A B C Wela(;j;ss/
CAl 1 1 1 44.30 138.45 CAl 1 1 1 4.2
CA2 1 2 2 47.10 148.42 CA2 1 2 2 3.6
CA3 1 3 3 44.50 138.97 CA3 1 3 3 6.1
CA4 2 1 2 45.40 163.25 CA4 2 1 2 52
CAS 2 2 3 49.90 171.98 CAS5 2 2 3 3.1
CA6 2 3 1 44.50 148.47 CA6 2 3 1 4.4
CA7 3 1 3 44.70 135.31 CA7 3 1 3 81
CA8 3 2 1 46.60 159.96 CAS 3 b 1 6.8
CA9 3 3 2 48.00 161.75 CA9 3 3 5 71
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Tab.4 Orthogonal test results and friction factor analysis

Coefficient of

Sample A B C friction
CAl 1 1 1 0.271 03
CA2 1 2 2 0.283 47
CA3 1 3 3 0.285 40
CA4 2 1 2 0.301 61
CA5 2 2 3 0.323 64
CAG6 2 3 1 0.309 98
CA7 3 1 3 0.281 20
CA8 3 2 1 0.361 83
CA9 3 3 2 0.281 31

Mean value k 0.280 0.285 0.314
Mean value k, 0.312  0.323 0.280
Mean value ; 0.308 0.292 0.297
Range R 0.032 0.038 0.025
Optimized solution A2 B2 Cl

Mean value & 4.633 5.833 5.133
Mean value £ 4.233 4.500 5.300
Mean value k3 7.333 5.867 5.767
Range R 3.100 1.367 0.634
Optimized solution A2 B2 Cl
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Fig.3 SEM of friction surfaces of different copper matrix composites
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Fig. 4 Friction factor and wear loss of CAS specimens at
different temperatures
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Fig.5 SEM of friction surface of CAS specimen at different temperatures
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