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Table 1 Chemical composition of CuCrZr alloy (/%)
Cr Zr Si Mg Ni Cu
0.89 0.15 0.0145 0.01 0.0098 Bal.

Cr excess /

phase
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Fig.1 Microstructures of CuCrZr copper alloy before (a) and after (b) heat treatment
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Table 2 Step fatigue test scheme of CuCrZr copper alloy

Peak stress/MPa
Temperature/’C Cyile per tVaI/I;\e/IyP
Stage stress/MPa Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
300 500 10 150 200 250 300 350 400
400 500 10 150 200 250 300
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Fig.2  Tensile engineering stress-engineering strain curves of

CuCrZr copper alloy at high temperature
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Table 3 Tensile mechanical properties of CuCrZr copper alloy

Sample L o ire/C Young’s Yield Tensile Post-break Fracture
No. P modulus/GPa strength/MPa strength/MPa elongation/% energy/MJ m™

1 300 117 365 431 180 40.859 59

2 400 103 245 297 144 23507 42
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Fig.3 Fatigue cycle strain amplitude of CuCrZr copper alloy during high temperature step: (a) 1-500 cycle, cyclic load of 10 MPa/150 MPag;
(b) 501-1000 cycle, cyclic load of 10 MPa/200 MPa; (c) 1001-1500 cycle, cyclic load of 10 MPa/250 MPa; (d) 1501-2500 cycle, cyclic

load of 10 MPa/300 MPa and 10 MPa/350 MPa
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Fig.4 Stagnation curves of step fatigue of CuCrZr copper alloy
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Fig.5 Ratcheting strain curves of step fatigue at different temperatures
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Fig.6 Comparisons of ratcheting strain rate under the cyclic load of
10 MPa/300 MPa at different temperatures
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Fig.8 Evolutions of cycle plastic strain energy density for step fatigue
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Table 4 Tensile fracture energy and total dissipated energy of

step fatigue of CuCrZr alloy

Tensile fracture  Total dissipated energy

Temperature/'C

energy/MJ-m?>  of step fatigue/MJ m™
300 40.859 59 37.286 64
400 23.597 42 19.382 56
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Table5 Comparisons of fatigue damage and life prediction at different temperatures

Temperature/'C di do ds ds NR2 Neo N N
300 0.038 0.177 0.239 0.304 707 500+ 2707 2500+
400 0.026 0.283 0.386 180 251 1680 1751
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Fig.9 Fatigue fracture morphologies of high temperature step at 300 °C: (a) macroscopic fracture, (b) shear lip zone, and (c) ductile

fracture zone
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Fig.10 Fatigue fracture morphologies of high temperature step at 400 ‘C: (a) macroscopic fracture, (b) shear lip zone, and (c) ductile fracture zone
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Step Fatigue and Cyclic Plastic Behavior of CuCrZr Copper Alloy at High Temperature

Gu Jiacheng', Peng Jian*?, Miao Xinting*, Tu Yi'
(1. School of Mechanical Engineering and Rail Transit, Changzhou University, Changzhou 213164, China)
(2. Jiangsu Province Engineering Research Center of High-Level Energy and Power Equipment,

Changzhou University, Changzhou 213164, China)

Abstract: The step fatigue test of CuCrZr copper alloy at 300 < and 400 <C was carried out, and the cyclic plasticity behavior was studied from
the aspects of cyclic strain amplitude, average strain, average strain rate and energy dissipation rate. Results show that the cyclic soft hardening
characteristics of CuCrZr copper alloy and the ratchet effect are affected by the combination of temperature and cyclic stress, and the higher the
temperature, the more prone the cyclic softening, and the more significant the ratchet effect. Based on the comparison between the high
temperature tensile fracture energy of CuCrZr copper alloy and the total dissipative energy of high temperature ladder fatigue, both are related to
temperature, so the high temperature tensile fracture energy was used as a temperature compensation parameter, and a linear damage fatigue life
prediction model based on energy method was proposed, and the fatigue life of CuCrZr copper alloy was predicted. Finally, the
temperature-related failure mechanism of CuCrZr copper alloy was analyzed based on fracture analysis: fatigue crack failure is prone to occur at
lower temperatures, and with the increase in temperature, the ductility failure accumulated by ratchet strain is more likely to occur.

Key words: CuCrZr copper alloy; high temperature step fatigue; energy dissipation; life prediction; fracture analysis
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