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Abstract: [Objective]l 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 orthogonal
experimental method was used to systematically study the copper matrix composites with different ratios of Cu-Ni-Si-Cr alloys as
the matrix, 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. [ Results] The hardness and strength of the Cu 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
Cu 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 under the condition of 25~650 ‘C, and the amount of wear increases, and the highest friction
coefficient of Cu-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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Table 1 Orthogonal experimental design table

Experimental factors

Level A B C
. . Cr
0, 0,
Ni /wt% Si /wt% Iwt%
1 6.0 1.25 0.25
2 7.0 1.75 0.5
3 8.0 2.25 0.75

¥ Cu-Ni-Si-Cr SMH A A% d & EfE, BABREGE G, w7 2XBREBH LR A, #ik
350 r/min, H[E]10 he 3 2 NHEE A DH K, RS EMESEE RS Vv RENES 4
h, RGN ARBAD BB N, FH7E 460 MPa (95 ) R T ERE, 8% S 1E A 30 s.
BT BRI RRLE, BeS5IRE N 1000°C, 577 5.9 MPa, fRIENHAIN 5 h, SRIGHENAEIZEEEH .
22 HHE BRI (wt%)

Table 2 Composition of copper matrix composites (Wt%)

FeCu30 CrFe Graphite MoS: SiO, Cu-Ni-Cr-Si
alloy
29 9 11 1.5 1.5 48
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Fig. 1 Schematic diagram of MPT-3G high temperature friction and wear tester
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Fig. 2 Microscopic morphology and energy spectrum analysis of copper matrix composites
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Fig. 3 Energy spectral surface scanning analysis results and XRD of Cu-Ni-Si-Cr matrix in Cu matrix composites
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Table 3 Mechanical properties of copper matrix composites

ENEE ] A B C Rl S8 R 4

=1 (HBW) (MPa)
CAl 1 1 1 4430 138.45
CA2 1 2 2 47.10 148.42
CA3 1 3 3 44.50 138.97
CA4 2 1 2 45.40 163.25
CAS 2 2 3 49.90 171.98
CA6 2 3 1 44.50 148.47
CA7 3 1 3 44.70 135.31
CA8 3 1 46.60 159.96
CA9 3 3 2 48.00 161.75

3.3 AESEWMRAEES MR

D A& RSEMEm

M 4 IR ZE A HT el &L, R2 > R1 > R3, 3 N2 = B B UCH: Niv Siv Cr, ®IEAFE
N A2B2C1. 254 9 HsLierh = usm M thfl, BEEEREUSAER AR 58 CAS, Bl 7.0Ni-1.75Si-0.75Cr.
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Table 4 Orthogonal test results and friction factor analysis

WA 5 A B C JRE 5 DA 4
CAl 1 1 1 0.27103
CA2 1 2 2 0.28347
CA3 1 3 3 0.28540
CA4 2 1 2 0.30161
CA5 2 2 3 0.32364
CA6 2 3 1 0.30998
CA7 3 1 3 0.28120
CAS8 3 2 1 0.36183
CA9 3 3 2 0.28131

¥IH ki 0.280 0.285 0.314
BME ko 0.312 0.323 0.280
BIE ks 0.308 0.292 0.297
Wz R 0.032 0.038 0.025
WIE S A2 B2 C1

MFE S BIMZE S HTal %1, R1 > R2 > R3, 3 N KRIZEEHREEKICN: Niv Siv Cr, &M%

A B2A2C1. 456 9 HSLI0d =nRmnteh, BEE SRS SN CAS, Bl 7.0Ni-1.75Si-0.75Cr.
41 B 4 R 5 RN BB 4 B () IE A S8 45 5, IRFE CAS HIZE At Re B (.
F 5 BRI IE AT S0 45 A

Table 5 Orthogonal test results and wear volume analysis

RS A B c o
CAl 1 1 1 4.2
CA2 1 2 2 3.6
CA3 1 3 3 6.1
CA4 2 1 2 5.2
CAS5 2 2 3 3.1
CA6 2 3 1 4.4
CA7 3 1 3 8.1
CAS8 3 2 1 6.8
CA9 3 3 2 7.1

BIE ki 4.633 5.833 5.133
BIE ke 4233 4.500 5.300
BI1E ks 7.333 5.867 5.767
W% R 3.100 1.367 0.634
WIES A2 B2 Cl1
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Fig. 4 SEM of friction surfaces of different copper matrix composites
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Fig. 5 Friction factor and wear of CAS specimens at different temperatures
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Fig. 6 SEM of friction surface of CAS specimen at different temperatures
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