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Abstract: Cold-working strengthened copper material has been widely used as conductive components in the ultra-high volt-
age transmission (UHVT). However, little attention has been paid to the inevitable Joule heat induced softening of the copper,
which may cause catastrophic accidents. Here, we quantitatively investigated the hardness change of copper specimens from
continuously transposed cables of UHVT system under two typical working temperature ranges. We demonstrate that the micro-
hardness decreases 2% ~ 5% under normal working temperature range for only 168 h ( ~0. 04% of the target lifetime). In addi-

tion, the hardness reduction can reach up to ~50% under

WIS EEE, 2022-08-28 {EEEHER: 2022-09-17 the estimated short-circuit temperature range for only 1 h.
EATE. %o M SR H (5500-202055098A-0-0-00) ; Microstructural characterizations based on EBSD and TEM
5 F AR 3E 4 BT H (52031011, 51971167) reveal that there is no obvious change in grain morphology

and only slight decrease of dislocation density in specimens

F—1EE. WEE, B, 1993 F4, WLHRA
BINESE . B, B, 1974464, 8%, e,

heated at normal working temperatures even for 168 h. Under
short-circuit condition, heating at 400 °C for 1 h brings de-

Email: zwshan@ xjtu. edu. cn struction of tangled dislocations but no grain growth, while
%, B, 1990 4EA4:, TR, substantial grain coarsening and dislocation annihilation are
Email: yunruima@ foxmail. com observed in samples heated at 600 C for 1h. Our work

DOI; 10.7502/j. issn. 1674-3962. 202208031 suggests that it’s necessary and urgent to perform studies on
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mechanical properties evolution and lifetime evaluation of key component materials of UHVT under service conditions.

Key words : ultra-high voltage transmission( UHVT) ; continuously transposed cables; copper; temperature; hardness
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Table 1 Chemical composition in engineering continuously transposed cables copper( o /%)

Element Cu P Bi Sh As

Fe Ni Pb Sn S Zn

=99.95 0.002 0.001 0. 002 0. 002

Content

0. 004 0.002 0. 004 0. 002 0. 004 0.003
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Fig. 2 Microhardness variations of CTC samples after heating: (a) i-
sochronous heating at different temperatures, (b) isothermal

heating for different time
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Fig. 3 EBSD analysis results of CTC samples upon isochronous heating

at different temperatures: (a) as-received, (b) 100 °C for 1 h,
(¢) 200 °C for 1 h, (d) 400 °C for 1 h, (e) 600 C for 1 h
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Fig. 4  Grain size distribution of CTC samples upon isochronous heating
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