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Abstract: The main insulation of cross-linked polyethylene (XLPE) HVDC cable was sliced at radial inner,
middle, and outer layers to as samples, and their equivalent thermal history was modeled by differential scanning
calorimetry (DSC). The changes of chemical and electrical properties of each layer in cable insulation after type
test were analyzed by infrared spectroscopy (FTIR), space charge, and DC electrical strength test. The results show
that after type test, the equivalent heat treatment temperatures of each layer in cable main insulation are about
70°C, there is a small difference between the equivalent heat treatment time of the middle layer and the outer layer,
while the equivalent heat treatment time of the inner layer is about 581 times bigger than that of the middle layer.
There are little changes in DC electric strength and chemical properties of each layer in cable main insulation. Due
to the equivalent heat treatment time of each layer is different, the impurities, polar small molecules, and other
substances in inner insulation layer continue to diffuse from the inner layer to the middle layer, which results in the
significant accumulation of heteropolar space charges.
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Fig.1 Sampling location of cable insulation

1.2 ERBESEEMNR

g2 E RHEA N 25 mm, B F N3 mm 1)
FEAE AR o 4 e A0 B IR N T it o AT 1B
oy 2 DA R A R R R i R AR N . R
MES TR il di ik, B dEmE

HiAMEENET R ERESEE. G
BUREIIR 20 ¥, IR FH Weibull 23 4 45 1347 20 #7
1.3 =Z[EEENR

S FH R ik b (PEAD B 8 3R 56 e 28 46
GNP ANERFE R S A . fEER N4
Xt 3 AR AR AR VK 43 31 e D 2043050 kV/mm [ HL 3
SR AEREN 3758 N 0 E 30 min, %5 #% 30 min, id 3%
A b PR 225 1] FL A 11 2 A 155 10
1.4 FTIRMK

% F Nicolet FT-IR 6700 %4 {# L 125 # 21 4 i
W 4% (Fourier transform infrared spectroscopy, FTIR)
R RARI S5 F LGN P AR T
BEATHE AT, P BVE 9 500~4 000 cm™, fir A ik &%
W10 UK, 45 FECE1E
1.5 DSCMig

A g 2 SRAR I 1 v i v R 3 N 4 25 R
PEBE B B2, 5% H Q2000 A DSC 384X 73 4 74 2k
B e S E AL P ANERFER R . IR
KRB AP, WHE A 20 mL/min. 58 F| FH RCS &
Gt l% i 2 -50°C , £ AT fE LA SC/min (1) TH i #
FKIHEE 180°C , T AR 55 #h 2% o
2 RAWER
21 BHRBSEE

iz 1 Weibull 73 BT 844 4 BEAS [R]85 1 0 2 %
I 15 BT R S50 R E S 5 (RRRAE HE AR D
K2 s e % = alRE 0 s AR B2 38 8 T 200 kV/mm.
B e 22 MR TR S 805 KT 10, B R 45
SrTEE VS, BAREEE T . AGINEN AR
Eug T ERNE,
22 ZE[E]ETE

2% () FL A 1Y) 32 R VR ELEE < g R IR FAR

99
902k
70092

ER20| 1488 2175
R 1530 2235 /
= 10

Bl

— MW W

150 175 200 235 250
B HEARE/(kKV/mm)
E2 sBiimGilEEREFMNRE
Fig.2 DC electric strength test results of

cable insulation samples
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Fig.3 Space charge test results of cable insulation samples
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Tab.1 Electric field distortion rate of

cable insulation samples

A1 it 37 558, 2R 2R A Z IR
20 kV/mm 4.65 11.11 4.59
30 kV/mm 10.52 43.26 23.98
50 kV/mm 53.95 87.56 57.62
WE R
— :
4000 3000 2000 1000
B/ (cm™)

El4 mBUiBESIR FTIR EE

Fig.4 FTIR spectra of cable insulation samples
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Fig.5 Test results of hydroxyl index and carbonyl index
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Fig.6 DSC test results of cable insulation samples
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Tab.2 Comparison of the melting peaks of cable

insulation samples before and after type test
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