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Fig. 1 Structure diagrams of thermal cycling test loop:
(a) Thermal cycling test loop; (b) Connection of aluminum

alloy cable conductor by hardware
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Table 1 Resistance ratio k of connection hardware

Cycle k of aluminum alloy connection hardware k of aluminum connection hardware
number Expl Exp2 Exp3 Exp4 Exp5 Expb6 Expl Exp2 Exp3 Exp4 Exp5 Expb6
0 0.63 0.67 0.62 0.65 0.64 0.63 0.63 0.67 0.66 0.66 0.64 0.63
250 0.59 0.58 0.64 0.66 0.65 0.62 0.62 0.66 0.67 0.66 0.66 0.61
325 0.60 0.57 0.65 0.65 0.63 0.61 0.62 0.65 0.66 0.66 0.67 0.60
400 0.59 0.57 0.65 0.64 0.62 0.60 0.62 0.65 0.66 0.65 0.66 0.60
475 0.57 0.55 0.63 0.61 0.60 0.58 0.61 0.62 0.64 0.63 0.64 0.58
550 0.54 0.54 0.61 0.61 0.59 0.57 0.59 0.62 0.63 0.63 0.63 0.57
625 0.58 0.58 0.66 0.65 0.64 0.61 0.62 0.65 0.67 0.66 0.66 0.61
700 0.58 0.59 0.66 0.66 0.64 0.62 0.63 0.66 0.67 0.67 0.67 0.61
775 0.58 0.58 0.65 0.65 0.63 0.61 0.62 0.65 0.67 0.67 0.66 0.61
850 0.56 0.56 0.63 0.63 0.61 0.59 0.61 0.64 0.66 0.65 0.65 0.60
925 0.56 0.58 0.65 0.65 0.64 0.61 0.62 0.65 0.67 0.67 0.67 0.62
1000 0.61 0.61 0.68 0.66 0.64 0.63 0.64 0.66 0.67 0.67 0.67 0.62
Short 0.67 0.67 0.64 0.76 0.73 0.69 0.86 1.04 1.01 0.95 1.13 1.16

Expl, Exp2, Exp3, Exp4, Exp5, Exp6 present experiment No. 1, 2, 3,4, 5, 6.
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Fig. 3 Change curves of A during thermal cycling test:
(a) Aluminum alloy connection hardware; (b) Aluminum

connection hardware
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Creep deformation/%
100 'C, 35 MPa, 150 C, 112 MPa,

Test condition

24 h 24 h
Aluminum connection
0.083 19.1
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Aluminum alloy
0.065 2.10
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Fig.7 TEM images of connection hardware during creep deformation process: (a) Al, 0 h; (b) Al, 24 h; (c) Alloy, 0 h; (d) Alloy, 24 h
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Effect of thermal cycling on long-term connection
performance of electrical connection material

CHEN Guan', YANG Rong-kai', TANG Jian-guo®, CHEN Hua®, ZHANG Bing', KONG Wei-quan'

(1. State Grid Electric Power Research Institute, Nari Group Corporation, Nanjing 211000, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
3. College of Materials Science and Engineering, Chongqing University, Chongqging 400081, China)

Abstract: The quality of compressive connection of electrical circuit has a great influence on the long running safety of
the line. The connection of aluminum alloy cable conductor with aluminum and aluminum alloy connection hardware
was analyzed by thermal cycling and short circuit test. The results show that there is little difference in the compression
performance between aluminum and aluminum alloy connection hardware under the condition of thermal cycling test.
However, after the short circuit test, the compression performance of aluminum alloy is better than that of aluminum. The
internal stress (110 MPa) caused by temperature difference in short circuit test is significantly higher than the stress
generated by the thermal cycling test (35 MPa), the short circuit test is more stringent in the examination of material
performance. The AlsFe phase particles in the matrix of Al-0.6Fe-0.15Cu alloy can greatly hinder the dislocation
movement, and increase creep deformation resistance. The ability to deal with creep deformation of Al-0.6Fe-0.15Cu
alloy under high temperature and big stress caused by thermal cycling and especially short circuit is improved.

Key words: Al-Fe alloy; thermal cycling; connection performance; creep; microstructure
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