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1.1 REHE
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Table 1 Test results for non-operational XLPE cables
in different manufacturers
A iR PEYRIEALRE iR/
I K E% (kJ-mol™) (kV-mm")
1 605.3 298.4 73.5
2 620.7 284.6 76.9
3 611.0 280.9 74.9
4 597.3 312.8 79.7
5 625.1 268.6 72.1
6 599.2 286.5 74.3
7 627.4 264.3 72.6
8 607.8 283.1 75.1
9 610.2 304.9 78.2
10 613.1 275.2 70.4

XLPE H 45 75 1E & iz 17 B R BE Al 35 90 C;
T 5 B 3k R B TT A 130 °C, J B R I % ] A
250 GV, M IEC 60216 #rife, SCHis & A kiR g
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XLPE L85 4 20 iR bE B HE 7R B AU LA b, FEAN TR
fB ]S, BAR AR SEI0 T 2 3 2 IR .
12 SR
1.2.1 Fifii

iz B E kR GB/T 1040—2006 %f XLPE iat #% i
PR A, 08 R L4578, SRS R 0.5 mm, SR
EWrE: T RGHY 5 KN CMT-4503 J3 BEHL 17 /1
ML, BB PR E RN 100 mm/min, At RE FEAT
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Table 2 Experimental scheme for XLPE

accelerated aging
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Fig.1 Power-frequency breakdown test system
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Fig.2 Surface potential decay test system
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Fig.3 Aging time dependence of various performance
parameters of XLPE cable
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Fig.4 Infrared spectroscopy of antioxidant
300 in XLPE cable
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Fig.6 XLPE test results of accelerated aging and the
25- and 30-year-old in-service cables
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Fig.7 Surface potential decay curves of XLPE cable
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Fig.8 The trap distribution curves of XLPE cable
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Table 3 Trap energy levels and density parameters of

XLPE specimens
XLPEtRE  ABFREG/eV BABFERE/10 m”
BT wpagr  wIGEE RIGEE RIGBE
Kt 0.97 1.09 2.02 8.74
216 h 0.98 1.07 4.46 5.73
360 h 0.98 1.06 5.18 5.21
432 h 0.97 1.04 5.92 3.52
504 h 0.97 1.04 8.08 3.24

KEZALR, XLPE i ARG BE b 32, BEE 21k
Y FEAT, A 9 2% T B B 928 i LA B B =, 1P
FAL 4 FE XLPE 1R A ZRFA BF 10 3 W B A
& 9 S XLPE i & 1k ia0RE 10 P FE 48 5505 v e B o
BE B XTI O FR, B 10 R4k i B 5 TR B B 45 B 1Y) X
N FR o EITT RN, 2 P L FE B S AL B R4 R
B, XLPE [ 7 ¢ BiF %% B B 2 38 s i fE #3452
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Fig.9 Correlation between carbonyl index and shallow
trap density in aged XLPE specimens
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density in aged XLPE specimens
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Condition assessment method of old XLPE cable insulation and its application

JIANG Haoyue'?, CHANG Kaiying', YI Delun', SUI Haoran', WU Kangning', LI Jianying'
(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China;
2. State Grid Shaanxi Electric Power Co., Ltd., Xi'an Power Supply Company, Xi'an 710000, China)

Abstract: The stable operation of the power cable system is profoundly affected by the aging degree of the main insulation
material cross-linked polyethylene (XLPE). In this paper, firstly, the accelerated aging experiments are carried out on the XLPE
insulation of unused cables. Based on the changes in their macroscopic properties and microscopic structures, it is found that
the antioxidant index can be used as an evaluation parameter for the insulation condition of old XLPE cables. Then, this method
is applied to the aging assessment of XLPE in cables that have been in operation for 25 and 30 years. The results show that the
mechanical, thermal, and electrical properties of XLPE, as well as its molecular and crystalline structure, deteriorate slowly at
first and then quickly during the ageing process. The inflection point of change can be observed. The antioxidant index of
XLPE decreases monotonically and continuously with the aging time. No inflection point is observed for the antioxidant index.
Therefore, the antioxidant index can be used as an effective parameter for assessing the aging degree of old cables. The
macroscopic performance and microstructure parameters of the 25-year-old XLPE cable are positioned before the inflection
point of the accelerated aging curve of the unused XLPE cable insulation, while those of the 30-year-old XLPE cable are after
the inflection point. Changes in these parameters are minimal compared to the results of testing the unused XLPE cable
insulation. However, their antioxidant indices differ significantly. The internal antioxidant index of the XLPE insulation in the
25-year-old cable is far from the inflection point. And the 25-year-old cable insulation has not yet entered the stage of rapid
performance deterioration. However, the internal antioxidants in the XLPE insulation of the 30-year-old cable have been
exhausted. It is in the rapid deterioration stage. Therefore, its operating status requires high attention. Based on the significant
findings of this study, standardized aging assessment method of actual operating cables may be established.

Keywords: cross-linked polyethylene (XLPE); old cables; accelerated aging; antioxidant; critical time; status assessment
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