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Effect of Electric Ageing on Insulation Performance of Crosslinked Polyethylene Submarine Cable
Huang Jianping', Chen Yilin®, Peng Xiangyang', Wang Guodong®, Yu Xin', Zhou Kai*
(1. Guangdong Power Grid Company Limited Electricity Research Institute , Guangzhou 510062, China;
2. College of Electrical Engineering, Sichuan University ,Chengdu 610065, China)

Abstract : The insulation of cross-linked polyethylene (XLPE) submarine cable will gradually age under the action of electric
field, which affects the stability of offshore transmission systems. In order to deeply understand the electrical ageing characteristics
of XLPE submarine cable, the electrical ageing experiments of XLPE for 1 000 hours were carried out under the electric field intensi-
ty of £=30 kV/mm and E=28 kV/mm respectively. The breakdown time of XLPE under AC electric field was calculated, and the
dielectric and physic-chemical properties of the samples before and after ageing were tested. The results show that defects such as
micropores occur in the weak insulation of XLPE under electrical stress, and the number and size of internal defects increase with
the increase of ageing time. Moreover, the changes of breakdown strength and internal crystal structure of XLPE before and after
electrical ageing are not obvious. The breakdown time of different XLPE samples is dispersed and the breakdown field strength is
close. Compared with the breakdown strength test, the voltage endurance test under the action of constant voltage amplitude can
better reflect the insulation state of the material.

Keywords : cross-linked polyethylene ; electrical ageing ; breakdown characteristics ; submarine cable

AEHRIR 205 (XLPE) 4 25 o, 45 DA i (a8 ] ¢
PR AR A L AR e AR IR T R I 5 0 e P S
Bz p Y, FURER 4, XLPE B4 ] 4 R 45
O )R BRilR SENE sy, b %R
E PR E AR, 72 45a F Tt R R LP 23
FLRY 5 B 3, Bl AR A% A FR 3 i, XLPE 44
SRS AN RN T IVE R B Ak s
ARG e Y, Pagit, hdn g L iy H 8Tk

WISEE : AL, BF5E D7 100 4 H ) B AR el
fs HEA: 2023-03-01

BETELR B gl o He ik 21.1%, TEAS U &R
HEAA 20 =00 2, FE RHR 3 F A I A N 1] 2
i 20 4F, AL R GE RINRE BE (AP A B A IR
PRI, BF5E XLPE i L A8 L 2 AL RP I, BRAR AR I F
Bt o R e B R s

T R A 2 e B AL R SR R s AT, JAN ) 2
FHOL G IR FE A Bl A 4 F A R A
G WiHE =, LN FT7E XLPE 46 2% % Ak B2 v e 11

SRR WO BRI, S0 PH, 25 A0 XLPE WS R A5 4 2k P R S nA [J]. TR SRR L 2023,51(4): 111-118.
Huang Jianping, Chen Yilin, Peng Xiangyang, et al. Effect of electric ageing on insulation performance of crosslinked polyethylene subma-

rine cable[J]. Engineering Plastics Application,2023,51(4):111-118.



112 AR

2023 4E, %5 51 4,45 4 )

VOB RN, 58 FL 37 25 i PR XLPE 73454 DA
T S0 Ho s 2 PR BE , 25 XLPE N & A Bl AL 45
SR G Ah T 7 A e A R AR 7 b R B
Sis . HI, XLPE 78 B 348 F R 24k R e
5T A2 2 E N A5 1) 12 ™, Parpal 55"
¥ 2 XLPE 7E 2 i R VE T & & A 4 T4 AR
W Z AR T S — N 57 R R, B AR A
IR RL 0 L A s R B8 468 s EIR R R
XLPE #4632t FANFLE Y, mi3iE F XLPE
ZAl F B B T T RS R 1Y 5 Lei 55095351 XF
XLPE K G A b B EAT i A7 Al ik, 45 5 3=
B2 K A AR InX XLPE L 75 iy 2E R0 bifl
ANt 5 Il /N T T B 5 X0 2 G 45 v LR R
I XLPE 42k V) 7 AT i AL S0, 25 SRR W
AR A8 248 25 PN S T A 1 25 ) P 7 Y A B R 14 i HL
K#B4r XLPE 43 F PR 556 % ; Bian S5 T R
PRI HE H —Fh XLPE HL 75 A A | 2 A R\ Ry 77
—AEES E,,, 45 Miti/ N T E, i, XLPE L%
FE LA AR R F R

H TR 2258 % H W 1 /E R XLPE 4825254
BEE K L A AR T T RIS, & BLHL N X
2 A AL B B4 ) S AR SR A 43 A, BV A [ 52
B0, A B T AP AR SR A e . i
o FL AR A Rl H A A R | TR X e sk
B B GE R A58 0 T2, T M X2 S A F
TR, T — LR ST XLPE 16 JTE H 45 266 2 i v, 3%
RS 5 B AR ] A Bt . RIE , 28 3 %) XLPE
W REARAE S R A E N - T AR SR, Ge it
FEA it 2] 8] 938 AN (7] 7 2R AE 2 AT IS 4 R
PRI FRE , F9T 28 0 HL A 1 I VG L B 48 % U
SRR L
1 KINEE
1.1 HwERTHTFEE THhAK

(HHEZLET-Eit,

FH, 2 Ak 5256 T FH XLPE i F Sl PR 4 e 4 A= 7=
NS HYTQO03 14500 1Y 220 KV i HL 46, 4%
VIS FL BRI — BE R 24N & B E BHKJZ DA
GRS R D REAREN 55 mmx55 mmx 1 mm K/
IF TG K 2 A X HL 3 T L T B3 3 T 2% o %o S 56
SRR, B SLET B AR FRR  JR AR
IR BEL B 125 FESHARAR B , e AR et 5 R R AR e ik
A SZIG Tt e L 7K BHAERE A o 28 I A PR i e 1 P

T EIAE R, P AR s 7= A 1 e e 3 Ao b AR it i
XLPE # R FEAS Lo SR P A 19 58 2 0 0 FL A, F
e B A2 M 25 mm, JEFE O 4 mm, 13 281 B i A2 N
2.5 mm AR . XLPE #F & T 9 Bl 2 [ e
Y SISO [iEE S H g o N B S A Y A
Hh ke A T T DR 265 B Ry i rL o FEL AR 5 XLPE 1
FEARE AR AR, 2 AR S50 F A s 1
Ro

XLPE H
25HAR R A —— @EEE@}%
| = =
t ijaaw ik

THEE =
Bl WA
Q)H AL S HEEI

PEFRVE GB/T 29311-2012, H, %Ak 52 56 3755 17
TRk 22 0 , AR AT 243 2 I I FE LA/
B 2L T/ 2 0] o PRI, F b SE B0 AT GRS 4+
AHEAT o 2 0 B, I 45 SR 6 B XLPE HE A
ZEDR R 42.52 kV/mm, £F 5 FRIE JB/T 10437-2004
W& T XLPE 46 2 i 28 i FE AT G o A XLPE
7 2R I 1] 35 B FRME GB/T 29311-2012 5K fEAR
[F]3758% T %F XLPE i 5 #47 Ha F i A VE SE 56 0 5%
ANF AR R R i 38 2R ], e 4
EALSL I 5% E=30 kV/mm % 28 kV/mm , & {ki[A]
BEE A 1000 h,

1.2 AARMAEM X T ik

WAk - 25 W A HL 3 (PDC) I K - I3 2R 4t [+ 2
FI7R o M B X AR AS I e R AR T
AR s Y HF O 42 2 B A A P g 42 M 2R A T ik

2 o B I < AR H5 45 E GB/T 1408.1-2016,
MR A BELAR M, AR B2 25 mm H il 215
B %428 2.5 mm (Y[R, 8% I AE A RS 2R 55
SR s im%’fg: Y S—

L=

E2 PDCIMAFHE R



R, 45 AL XLPE i 440 4 PERE S i 113

mmx55 mmx 1 mm, R FE PR 0.5 kV/s BT
BT R H R AT 2. RN  HEAR S
HI M IR A B A 25 S8 R gl .

X AT S (XRD)MIA : >R A H A< Rigaku 23 A
Ultima IV %! XRD ¥ %} 15 mmx15 mmx1 mm £
XLPE # Frisl RS T34, SEBG A R Cu #iE Ky
0.154 nm, 45 HL K 40 kV, 45 FL I 40 mA, F 55
15°~30°,

O TR S5 UL < R B H A4S H 23 H] (JEOL)
JSM7500F #4414 1 - (i f 455 (SEM) WL ¢ 2 AL AT s
XLPE J F REAS B 1 A SO 4t 4 o 188 B o sk el
15 KV, BORAEECH 100045, ML HRH XLPE & T
VR H 30 min S5 WEWTHT BT 2EA T 4 b 3L

Jeay 8 ke R D 4K ) S R PR SR 4 e R SR R
Rogowski £k &l (HFCT). Ml i H 71 3% #% A 5
Rigol DS6104 , izt i1 HECT 42 43 76 FE AR 42 1l 2%
b I S AAE T B SR R LA T S AR i E)
TR AR, BRI L R Sk 20 KV, R[] Sy
30s,

2 XWHER5ITR

S BIAE R E=30,28 kV/mm K #£47 1 000 h Y
XLPE HiL A0S, F A FEATE S g i # b i 28, 4t
T 5 ZEREAS (9 o 28 I () X R o 2R AR A T il
ZERREEIL . 7E39 E=30 kV/mm VER] F XA [F)%
A B TR B A AR R A7 PRAR I, TR B 5 H N ) %
XLPE I35 HL 25 406 2 2 AL RR I B 52 0
2.1 PDCX&£%

O3 AR AR YR £=30,28 kV/mm T %
1.1 000 h BYREA BEAT PDC IR, , R E] A 180 s,
DR H A 1 keVe A2 SR an & 3 fis .

FRAE (D) A (2) 73 F - B 85 R FEAR Y
EL A S35 0.1 Hz F 09 TPl Ak, L3k 1.

Ey T. .
g, = C [zp + z,lep] (1)
0o~ o
§ 9 —— A
5.0x107 by 1.0x10 —— E=28kV/mm
—— E=30kV/mm
< 40X107 kg eroe
S |
2 3.0x107 1
S 200107 2710
+= . X [

1.0x107°

6 8 1o

0.0

0 20 40 60 80 100120140160 180
fif /s
%3 PDC it

gy
_do) . sw X(@)
tand(w) = (o) ety (w) e, + X' (w) 2)

ﬁ(l)qj ,Uoiﬂﬁ?}ﬁﬁgjﬁ%,coj?@é%%ﬂfﬂ%
B U N EGR s e, 8 B2 R B (0 Ak L
Ui 3 1 (O) 9 ZARAL LI

Oy

Qb e,

WALFRFE , tan 8 () N EIRFE

M & 3 AT LU, KRB HEAR 5508 E=30, 28
kV/mm 24k 1 000 h A i Ak i JF o i i 2%
S OREMHEARBILT ZILE A, R1TLE
WAL E B B SR A 0.1 Hz R B9 AR FE R 8
W& = T AR AEAS (0 5158 E=30,28 kV/mm T %
1.1 000 h AFEA TG B 25 57

K1 HEBESZEMN.1 HzNRBRFENRER

kA SRS -m™) 0.1 Hz A i ke 5%
Kt 4.631x107" 0.052
E=28 kV/mm#1k 5.131x107" 0.057
E=30 kV/mm &1k 4.821x10°"° 0.058

2.2 EFEEsiitER

AR5 B R XLPE o 2 [a] 4n & 4 Fr s
PabrifE GB/T 29310-2012, K% JH B8040 50 i X
FEA T SRR AT 00T

= £=30 kV/mm
80 ¢ ® £=28 kV/mm

" 38.06
* 300.2

0.001 110 100 1000
fifal/h

El4  XLPE i 2p | 541154
FiAA s ik H

F(x)=1- exp{—(z)ﬁ} 3)

KO)H, F () FR RBURBMER s x o AL,
PREAEAS T o0 I (8] =l 5 5 B I IR S 8, B AL
R, FR B 7 O N o R SR, 2 x fU3R
fELE H I ) R REA T S I ) I, o RS FEAC R ARG
RUBER A 63.2% IF I Xof 7 A o 2 0], 24 x (U3 RE
S I ol 5 0 I, o SRR FEAR RBUR A



114 AR

2023 4E, %5 51 4,45 4 )

63.2% B BT %o L 9 FEL 3750 B, — M FH e (R FEAAS
{1155 2 3 1 A 4

H &1 4 AT, 32 %08 E=30 kV/mm I, BEA
ZERFA] hy 38.06 h; 375 E=28 kV/mm Rif , FEA
ZERT ]2 300.2 he TEARZSELB 43010 0.32 55 0.43,
e V1 Nl O3 2 2 % N o ST € 42 G
2.3 HFmEMKLER

3 BUR AL XLPE # F AR A (A 4) R AEH
5 & E=28 kV/mm (B #) 5 £E=30 kV/mm (C4) T %
1.1 000 h JG AR ZEMIFEAS 76 T HL R T A 7ils
ZERR I Ho AL 10 MREAS , BAL B C 4
ARAE NN 4 5 33813 F AR 53 A0 XA ZE SR ik 1 7
AP A R 5 PR

T = AR AR T S R B A AN [R] X Lk
BRI AT LA, R E TR RIE S8 a1
ARG o o FRFEARIE S 2R i, th &1 S v,
AT G XLPE v 7 FEAS o 25 5 B AR A IR R /DN
A HFEASFE T 553380 42.49 kV/mm, B4 5 C 41
FEARRRE TS 2735843 510 41.63 kV/mm F141.99 kV/
mm, S5AEMFEAM L, 7E58 E=28 kV/mm 5 E
=30 kV/mm F#1L 1 000 h J5 XLPE # F FEA 5 4
Yot 3 il FRET 2.02% 1 1.18%. X Lk BAFEA S
CLBEA, P ULREA AL [R]AH [R] 1T B 4R AR 7 A2
YT C HAMEAIR Z ik . MR P8 SCilk[22] 77 %0,
TE AL AR R A5 0T, SN it 37 38 6 5, R4 Rk Y
TR 2 FEAS G 28 o B AR, DR UL B e
b BREAS G ZE R B I R T C AR AR T 2 L (R
SEBRE AN S Z A

80
P S 2L
= A4
§ 40F o B4
%‘ A C4H
= 20F RIEZH WIRSEL
K o(kV/mm) B
10 42.49 40.59
i ° 41.63 60.09
A 41.99 54.07
39 2 14 45

E/(kV-mm™")
€5 XLPE i gfom B it as
HRAE o 2 o B2 XA 2R, B AR XLPE iy
DER AL/, FE = BT A R AR Rl P,
ey , iRkl 2R BB RO ISR . OGS
W], XLPE %6 2 P REAE 105 PB4 HI i 23 8 T
IR TR R X A R A4 G P B R /N

KL, bR SEIR 2 S n] e i B R AE I 98 551 T
L T8 A i ZEREAS A VR BE IR B A RE N
HRIFA A A B ARk, PR — 2 o 2 i B a2 2R
o AHIE AT S REAS T SR R T B R [ T 2
JE AR 22 57 fr 300 . XLPE i 289 B2 S5 A1k}
NSRS G A O, Ry ik — 2D 5T B g %t
XLPE P HREE5 48 (R 520, B[R] 2 A B B iR A A i
17 XRD I

I3 —J7 1, % FEREAS T 2 s (] 5 o 2 0 B 03k
FIE RSB T, i i I R S G KT %
AR S 40, XLPE i 280 R RS 8 /N R A
Has 2 I R ETE R R AT W IR 7T BESE AL N
BRZE A AN [ BT 00, 7 H o 20 o B I aOuE LA i R
FEAR Y GRS [R] DX (AR T 28 I |], XLPE
ZEORBEMRAE R AT . PR, 5 s 2 s B 3
SEHAR LY, fEE R (A AR TR B s R AR S5
AT S G- S R LA PR
2.4 XRDMXK %R

S SN E AR R S XLPE N &85 F A8 AE 0, %)
AR A] (1) XLPE w7 FE AT XRD ik, il
AR 6 Frn .

Peak2 -—
Peakl s — . Peak3 0h
M/\L@\, 300.h

S g 600 h

. =T : : 00 h ;
15 18 21 24 27 30
20/(°)
6 FEA XRD JIALE S

1 &1 6 AT %1, XLPE f) XRD I3 i £ o A2 e =
AN R WL AT S0 o FLrP AT SR AR 20.5° IR
V- G2 AT SR U6 Peak 1 AR LS SRATTER U6, X0 XLPE A
I ETEIX 5 7 59 11 21.7°5 24.0° B T #58 HABE Y
fii 506 Peak? , Peak3 Jy 4 AT 504 , 23 5%t 1% XLPE
PR (110) it 1T 52 (2001 it 17 5 [ BS) 437 559 1 27° B3 A7
TEBE/ NI, AT HEXT 8 XLPE PY5(020) 51 , i T
AT S R N B A e P IR R AR

A, RS AN LA T o3BT i o
SRyt — U REGE XLPE 7 S W W R A7 569 R KN
FE AT FR T B AR B, X AR [R) AL Rl RE AR A
XRD £ HEA T i B oW 629 SR B (110) S AT




WEIF, 45 AL XLPE i L 2 4 25 PR RE S ) 115

55} U (Peak2) 5 (200) & T8 17T 4 6 (Peak3) 1) 177 4T £
(26) B fir e 1 55 (FWHM), TR S5 - W26 2. th
F 21 AR AR TR R XLPE BEAS B AT 506 AT
SF 01 AT P VA W T AR R, LT R A A AR
LR 1 IR XLPE & X 2544 8 B A i 520

R REEUE EREATSIEITS B RITHIE Lg%

2 Peak2 Peak3
20/(°) FWHM/(°) 20/(°) FWHM/(°)
0 21.80 0.71 24.07 1.02
300 21.82 0.72 24.14 1.00
600 21.70 0.70 24.03 0.99
900 21.71 0.71 24.03 1.00

Sk EIARRE AR A A% A R T AN
ALY Be XLPE AEAS Y f T [H] FE R/, A hi A 28 2K
ik h

2d sinf = nA 4)

K@), d Ry AT R 5 6 A HiAs £ s n A5
G, — R n=1; A 28 X SRR, AT
#4 K Cu#ll,A=0.154 nm.,

XLPE {8 F A (110) 5 T 5 (200) 5 T8 9 i 11 1]
PR AE 2 A R P AR I LN 8] 7 TR . XLPE f
AT () BE AR A, TR DA FH 880N o T8 ) 4 P 9k
/ML L XLPE PN fb 4 5 72 40 T34 - R 72 A AL
B ARG, dE O R AL RE T R .
& 7 AT, JCIe A2 (110) fm IS 2 (200) i I, E AL T
JaREAS ST R R R AR B e AR AL i — 2D SCAE
I 1 B TR XLPE PN i X 45 F4) A & 2 I ik

G o

—a— (110) 51
0.42- —e— (200) 54 i
[ ——— 1]
£
£ 040
&
=
= 038
uey
[
0.36]

0 200 400 600 800
AL ] /h
&7 e B S A ) 08 2R
2.5 SEMMX4R

&l 8 & Ak Ti J5 XLPE SO I, [ it e
53 MW ik A b A i R T s, I 8 AT,
ZALHT G XLPE N AETE AL BRI , 2 AT A
AL RT3 /IS T AR J5 REAS YR A AL R 4¢
Ko REMAEA TR TALLERFE ] RE S 7E XLPE il i
R A, s A R, TR AL AL A A

WA AR , LB XLPE B 7R Az 58 i fL W g, I et
ZALHCR . SR 8a L, &l 8b H falFL i e T i A
i, FWAE R N IVER R, XLPE N 36 Bk [ 12 i &
J& BB RS R K . %4k )5 XLPE P [RIEFA77E
BN, 3 28/ NRCFL T BB S A A R A R
PR IR 2 55 s Ab A BRI o R DA , 2 Ak st i)
51, XLPE ARk fa s ik — 20 R R H B HEA KA

TALERLSE

AL

(b)

a—#%4k0 h;b—%1k 1000 h
%18 XLPE W55
2.6 3Rk d ik 2

R A GE AL TR R R N R R B A SR
LTV 7 N 1 B s 1T = 2 N i o i G L .
XLPE Jy it A AZE R an & 9 i, i F2 224 v
TE— =R B ERARXS PR, A5G P &R r, ) BEAS
fiks

H T 9 ) 1, B2 AR AL R i, XLPE J= & i
S OB IR 8 K . 24 XLPE 4514 58 41
FEAS N5 534 1 5, MG A 23 PR RS Ak 7 i i
AT = SRR . 47 XLPE N3 & 24 sk i fL
SR, DU ek R o ey T Ak H Y T 3 v T
J7HE SR SRR, B RE AT BT R B H B SR
JHCHL R BB 22, it RO A, Tk b s PR
W 0 H YRR P WL PT DA SR AR A PN e o 25 i
KRN 3 i GE A ] 2 A 1] Jay i 3 L YR
SRR E, e 4 R TR 3,

H1 8¢ 3 TN, B A IS TRI S, Jey #S s U B0Z
Wrih 2 o Ter AW (&1 300 hy , BEAS Y ER I H
U | U B R IR AR P 38 0 R A 8 R Bt
AL [E]A 3] 600 h 5, Jay &R L ORI A
TR OB 8 AR B A DA iR e 5 L A s 24k
900 h Ji5 B HE R — 204 iy, LG AS A S e T
%2, SRIMSZE AT 1 000 h G REAA At 57, AT RERY
i PR 2 A e R R ¥ P X A e S ) 4 %
/b A A A A AR IRARR, PRTTTT AH P AR A P e o R
BN, i EAT B R R — e (IR B AR 51 & Y



116 AR

2023 4E, %5 51 4,45 4 )

6
o 5
X
= 4
X 3
B
= 2

1

0 ./

36

P GERY € R
QO = N W A W AN

w

TR Tk

(c)
a—#A6300 h; b—&4k 600 h;c—#%1£900 h
519 XLPE R s i 4t 5
R3 HMEBERXHEHBREETHESZURENXR

ZALRFIE)/h AL EI A R R {H/mV
300 27 12.67
600 136 14.47
900 680 17.08

SR FU Sy TR A2 W IR XLPE H AL e AR
A B A ST, T FL R (P $ (B
22 B Y B 8 A P TR 88 i i 3 Y A AR L . AT
W10 PR MR -5 st o RO S TE ARG, BRIV P R
17 VED AN B [T TE < NG w6 53 T B €2
DR HIT , XLPE PA Sk e XS it A ik 1) 3 o i
FER o 5L ORI AR L 50 R I 1A A e
/N RIS WA PR B 7 A R P A 2R

MR
2.7 MEITE

TE LN S K IVE IR, XLPE %645 /i, 25 9 35
SR (AN JEE B IX sk i X 5 JE e TE X A8 Ay 25 kA
JRIT T AR B 7 A Bl A L A R | T AR S8k
LB R b & A AR (1 B A 7 32 o 1 P
N7, BB R SR E— 20 R R AN R 10 TR
24 XLPE PN Bk R A — e R BE B, BB Ak 3
e WG 7L B SRy 7R AR P S R A R ) S R B
KRo G35 M, SEE RT3 s 2 ek 2 Lk 24
SN Tz s TR A IE, HL T RERS R 3 3R AR
SRS I B e o XLPE 43 F 340 R W™, 78
Ji B JR R LA K B 55 i iVE R, XLPE 43 F
SRR Kk A Wk SRS IR, N A )
IR, e 8 2 2

SCHE

K10 flofLr 73y XLPE 23 7451

HY b3R5 Br ol , 76 HL 2 Ak B2 v XLPE 3
VB R T Bt A 7 A I R A FL S D s e e
LA DTN S e 5 1) 4 R, Wik i 5 de 4
BRI G 8k, TESEBR A = il 1 i A2, XLPE
PR AN T kit e A7 A R LA B . AR
TS K/ IR e — 2 RUSH B (e o Aok = A i B )y
Wi SRS, SR AR E S %0l
T XoF 7 2 A S 00 PP R e o 2 B TR ARS 5 XS A ) P
SR A /NS SR A H R T VR R e R
FEREARTE T i BRI S A R A o 2 e ]
FEAS s SYREAS P BB /N 28 1T Z s, XLPE 4 2 0
N S I S U 0 D IVAS M il L N P o S/ N
XLPE Nl b 22 57 2 S BORE AR o 2 i ] Hh B A
KA RI RN 2 —
3 it

(D)ZEHL Y FVEFIT , XLPE PN 5 466 5 1 55 40 ¢
7L A B A B B | B AT RIS N, B4R
T e H H 5 B RS B . 5 R S
W & A U LL , B AR T JS XLPE o 2858 8 5 4
T AR ZE A AR AL I AN

()2 55 T W, R [6] XLPE A i) o7 25 3 i



R, 45 AL XLPE i 440 4 PERE S i

117

2SN AR5/ F T XLPE o 280 8] 22 545
SRy Y3 DRI R R TR A S 6 T G b S A e

ZARE
& % ik
(1] Skl JRIL, 2EREAR, 45 SCHCHE R SR LA A g

[2]

(3]

(4]

(3]

(6]

(7]

(8]

SEMA]. a2k K}, 2020, 53(12):27-31.

Zhang Qiaofeng, Zhou Kai, Li Kangle, et al. Effect of crosslinking
degree on time domain dielectric properties of XLPE[J]. Insulating
Materials, 2020,53(12):27-31.

R, FIL, 5 g, 45 S v /R XLPE #a 2% i
BB AR EIFIE [I]. 620 8L, 2020, 53(9):42-47.

Chen Shijia, Zhou Kai, Li Zerui, et al. Growth characteristics of
electrical tree in XLPE insulation under power frequency voltage
superimposed impulse voltage[J]. Insulating Materials, 2020, 53(9):
42-47.

JEIEL, Wi , R RAE 55 BT AL XLPE H 45 5 Bt i )2 il 4
LRI AIHTT]. i B AR, 2020, 46(1):187-194.

Zhou Kai, Chen Zelong, Li Tianhua, et al. Insulation defects at the
side of conductor screen layer in service-aged XLPE cables[J].
High Voltage Engineering,2020,46(1):187-194.

R B, R A T HEABURA Y HL IO (1 58 T 500 KV 52
1R i 2 4 2 AR ZS AN 5 3 BT 7], e AR, 2021, 45
(10):4 1724 180.

Hao Jian, Dai Xize, Gao Zhen, et al. Detection and analysis of insu-
lation aging state of AC 500 kV XLPE submarine cable based on
high voltage frequency dielectric response[J]. Power System Tech-
nology,2021,45(10):4 1724 180.

XU 20, U, 5 I ALK XLPE OS5 #4 S A i PR RB 1 52
Wi AL ) £ 3 (). Bk P BE TR 2 244 (A A BEAE ), 2021, 37(4):
1-9,31.

Liu Tao, Li Huan, Xu Lei, et al. Effect of thermal aging on the
microstructure and dielectric properties of XLPEA survey of the
mechanism of performance impact[J]. Journal of Shaanxi Univer-
sity of Technology (Natural Science Edition),2021,37(4):1-9,31.
LA TR, TR, 410 KV SSIRER 0 F AN d e 4k
DTS [0]. 451K, 2021, 54(8):60-66.

Shen Zhifei, Liu Baokun, Wang Guodong, et al. Accelerated electri-
cal ageing characteristics of 10 kV XLPE cable[J]. Insulating Mate-
rials, 2021, 54(8):60-66.

SEMIRE BRBHAREL, 4530 . I AL 8 o DL e e 2 i [ 43 BT[], o
11,2013, 46(5):66-70.

Wu Mingxiang, Ouyang Benhong, Li Wenjie, et al. Analysis of
common faults and causes of cross-linked cables[J]. Electric
Power,2013,46(5):66-70.

XN, X0 rse , 4L, 55 B T RE AL S 110kVXLPE %4
G IRIAR A A R B ITAG )] L TR0, 2016, 31(12):72-
79,107.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Liu Gang, Liu Siliang, Jin Shanger, et al. Comprehensive evalua-
tion of remaining life of 110 kV XLPE insulated cable based on
physical, chemical and electrical properties[J]. Transactions of
China Electrotechnical Society,2016,31(12):72-79,107.
TSP, S, WRirE 45 F 0 TR B R R IR R fh L
Y 2% M RE G SR HLEET]. v B e AL TR A4, 2021, 41(3):1 156—
1 166.
Xiang Jianbo, Zhou Kai, Chen Shijia, et al. Enhancement mecha-
nisms of voltage stabilizer injection on insulation performances of
thermal-oxidative aged cables[J]. Proceedings of the CSEE, 2021,
41(3):1 156-1 166.
WrAd vy, B8 — A, S RN . Fi BAIBR A5 2 Al %) 25 T XLPE L 2 %%
A AT R IR [J]. ] AR T, 2022,35(9):117-126.
Chen Jiantao, Zhao Yifeng, Fan Xinghui, et al. Effect of electro
thermal combined aging on dielectric spectrum propertieson high
voltage AC XLPE insulation[J]. Guangdong Electric Power,2022,
35(9):117-126.
W — o ] R, 45 RSB ATR Z I T RIS
HUIR5 & JR[1]. B A, 2020, 44(4):1 2761 289.
Hu Yizhuo, Dong Ming, Xie Jiacheng, et al. Status and progress in
multi-factor ageing research for polymer insulation materials[j].
Power System Technology,2020,44(4):1 276-1 289.
EA L ATATR, ARG, 45 . 3B A Xk A AR 0 A
23 (1] L Af BUR AR PE A B2 D], o LR B A, 2019, 45(6):1 737
1 744.
Wang Wei, He Dongxin, Song Pengxian, et al. Effects of
electrical-thermal aging on space charge accumulation characteris-
tics at the position of the stress cone in the accessory[J]. High
Voltage Engineering,2019,45(6):1 737-1 744.
SRAS R AR A LA RA B XLPE 42k L R A RePE Y
SEM[T). R HR , 2021 ,47(8):2 991-3 000.
Zhang Jie, Zhao Xuetong, Bian Haoran, et al. Effect of charge
traps on electrical aging of xIpe insulation[j]. High Voltage Engi-
neering,2021,47(8):2 991-3 000.
Parpal J L, Crine J P, Dang C. Electrical aging of extruded dielec-
tric cables. A physical model[J]. IEEE Transactions on Dielectrics
& Electrical Insulation, 1997,4(2):197-209.
R 05, BB AN, 3, 45 s Al 5 KR X 32 R &
70 2t 5 AR R P 19 52 0 [0]. VG *22 28 38 K2 24 41, 2015, 49(4):
32-39.
Chen Zhiyong, Luo Chuanxian, Zhang Jing, et al. Electrical aging
test and accelerated water tree aging test for physicochemical
properties of XLPE insulation[J]. Journal of Xian Jiaotong Univer-
sity,2015,49(4):32-39.
Lei W, Wu K, Wang Y, et al. Are nano-composites really better
DC insulators? A study using silica nanoparticles in XLPE[J].
IEEE Transactions on Dielectrics and Electrical Insulation, 2017,

24(4):2 268-2 270.



118

AR

2023 4E, %5 51 4,45 4 )

[17]

(18]

[19]

[20]

[21]

XNZ M, RBP4 BT L AT 160 kv B HL S5 K
225 (A HL A A1 5 P B 5 000 3 AT [9]. 48 G B R, 2017, 50(3):37
42,48.

Liu Yunpeng, Liu Hechen, Zhong Ping, et al. Study on impact of
DC electrical ageing on space charge distribution of 160 kV DC
cable materials[J]. Insulating Materials,2017,50(3):37-42,48.
Bian H, Yang L, Ma Z, et al. Improved physical model of electri-
cal lifetime estimation for crosslinked polyethylene AC cable[J].
IEEE Transactions on Dielectrics & Electrical Insulation,2020,27
(1):132-139.

JEIEL, BEACRR  E, 5F RN Ar S (B T TR R A
IR B TR AR ,2019,34(11):2 435-2 443,

Zhou Kai, Huang Yonglu, Xie Min, et al. Mixed noises suppres-
sion of partial discharge signal employing short-time singular
value decomposition[J]. Transactions of China Electrotechnical
Society,2019,34(11):2 435-2 443.

TRDESC, AL, A3, % e RIS XLPE HUAR 5| & FIAL Iy
P 4 5% W [J/OL). 785 H 1 4 R, 2022 1-10[2023-03-08]. htps://
doi.org/10.13336/j.1003-6520.hve.20220442.

Xu Qingwen, Zhou Kai, Wu Yaping, et al. Effect of degassing
time on initiation and growth characteristics of electrical tree in
XLPE[J/OL]. High Voltage Engineering, 2022: 1-10[2023-03-08].
https://doi.org/10.13336/j.1003-6520.hve.20220442.

TR, AR W, A BT U AR B i o AT RS IR 20
L g £ % 2 AR D). TREBRLRE FH , 2022, 50(9): 115-120.
Yin You, Li Shiyu, Hu Jia, et al. Aging characteristics of cross-

[22]

(23]

[24]

[25]

[26]

linked polyethylene cable insulation based on content distribution
of anti-aging agent[J]. Engineering Plastics Application, 2022, 50
(9):115-120.

WA ZEET WA AL, 45 3R XLPE 26 2% P Ui H H i 32 4 5
BB I 3G S O IR D). H R 240, 2019, 34
(24):5 244-5 251.

Yang Lijun, Li Zhongxuan, Yao Renyun, et al. Selection of step-
stress test parameters for obtaining dc voltage endurance coeffi-
cient of xlpe insulation[J]. Transactions of China Electrotechnical
Society,2019,34(24):5 244-5 251.

Tzimas A,Rowland S, Dissado L A, et al. Effect of long-time elec-
trical and thermal stresses upon the endurance capability of cable
insulation material[J]. IEEE Transactions on Dielectrics and Elec-
trical Insulation, 2009, 16(5):1 4361 443.

Han C,Du B X, Li J, et al. Investigation of charge transport and
breakdown properties in XLPE/GO nanocomposites part 1: The
role of functionalized GO quantum wells[J]. IEEE Transactions
on Dielectrics and Electrical Insulation, 2020,27(4):1 204-1 212.
Otake Y, Umemoto T, Suga K I, et al. Influence of defect size on
insulation deterioration of epoxy resins with voids[J]. IEEE Trans-
actions on Dielectrics and Electrical Insulation, 2021, 28(1):
52-57.

Montanari G C, Seri P, Dissado L A. Aging mechanisms of poly-
meric materials under DC electrical stress: A new approach and
similarities to mechanical aging[J]. IEEE Transactions on Dielec-

trics and Electrical Insulation,2019,26(2):634—641.



