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WE: ATHRE AN S WG EAT 500 kV AR IR THi (cross-linked polyethylene , XLPE ) ¥, 45 26,2
A Hn, P —R— ARSI FEE-F &, KA 500 kV A% XLPE ¥ 498 4. % R0k 4, £ 110 C
FH T, 5 R 5m30.50.80 N AiAl & Ay, ARIE R ) 5 3o 5o 4 4 4041 XLPE 28 X AR 3047 7 R ey ik 40, R
B £ T AR Hk I RS R F R AR AR AT 236, AT XLPE XA/ 505 . W 3 Aedi b o
N B HAAE R T e tbde, SR AN . A o—R—h 2L AER T ,XLPE XM HELILT KRG
M £24.47%, A &b 3 JE38 M F) 5.94 nm, 360 TR GG FiAp 0 A4k 25 5 Eik—F T, R dh B, HACAEA
T XA 09 AT o AR R ARAE A B DR AL A 18 VA R AR A 6938 e 3 K, BT KRG A B R K
{5 36 m 80 N FiAh 52 Ay i, AB XA o, 55 2038 A 2] 3.54 , AR BiAL A Ebndgm T 250.28%. XLPE X469 H A&
F 5% AL B T8) 3 e i AR, 26 4m 80 N w9 24 & ) B XLPE X AF & F 5% F AR T 45.64%. #FFR TAEH
500 kV A7 XLPE w4084 7T S 47 RME T KRB 5t |

FEE w—R— S IR U %A

Effect of Electro-thermal-mechanical Multi-physics Aging on the Insulation Performance of
500 kV DC XLPE Cables

LIU Jiahao', PENG Weilong®, YU Jincheng’, ZHANG Lei*, SONG Jiale',

ZHANG Tianyin', CHEN Xiangrong'
(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China; 2. Zhoushan Power Supply Company,
State Grid Zhejiang Electric Power Company , Zhejiang Zhoushan 316000, China)

Abstract: To investigate the effects of electro-thermal-mechanical multi-physics aging on the insulation characteris-
tics of 500 kV DC cross-linked polyethylene (XLPE) cables, in this paper a combined electro-thermal-mechanical
aging experimental platform is established. Ring-cut specimens of 500 kV DC XLPE cables are adopted and the ten-
sile stress of 30 N, 50 N, and 80 N are applied respectively at 110 °C. The XLPE insulation specimens are divided
into different groupsin accordance with the experimental conditions and underwent aging for 7 days. The insulation
performance of the XLPE specimens under synergistic aging effects of high temperature , electric field, and tensile
stress is evaluated using differential scanning calorimetry (DSC ) , broadband dielectric spectroscopy, and DC break-
down testing. The results show that under the action of electro-thermal-mechanical multi-field aging, the crystallini-
ty of XLPE specimensis decreased to 24.47% after 7 days of aging, while the lamerllar thickness is increased to
5.94 nm. Thecrystallinity is reduced and the lamellar thickness is increased further by the application of hgiher ten-

sile stress. The relative dielectric constant and dielectric loss tangent of the specimens is increased with aging time

I Hs B HE:2026-05-15; &6 B #5:2026-07-24



B3 b7

XFa, 24, T, % B—3— 237800 500 kV B XLPE FR854aZ ke 15 <169

and tensile stress, reaching the maximum values after 7 days of aging. In case of applying a tensile stress of 80 N,

the relative dielectric constant is increased to 3.54 and dielectric loss tangent is increased by 250.28%.The DC

breakdown strength of XLPE samples is decreased with increasing aging time and, in case of applying a tensile

stress of 80 N, the breakdown strength of XLPE samples is decreased by 45.64%. The research work provides experi-
mental data and reference for the reliable operation of 500 kV DC XLPE cables.

Key words: electro-thermal-mechanical multi-field aging ; cross-linked polyethylene ; insulation performance
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Fig.1 Multi-field ageing setup
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Fig.2 DSC results of group A
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