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Influence of degassing treatment on critical breakdown conditions of
electric tree discharge evolution in DC cable

YANG Tianyu', GU Huangjing', LI Hai', CHEN Weimeng', HE Yang', LI Baiyu’, ZHAO Su™

(1. State Grid Shanghai Electric Power Company Cable Branch, Shanghai 201412, China;
2. Shanghai Jiao Tong University, Shanghai 201100, China)

Abstract: In order to investigate the effects of degassing treatment on the electrical tree growth and discharge evolution in
DC cable insulation, and to clarify the affecting mechanism of degassing treatment in the critical breakdown process of
electrical tree, taking cross-linked polyethylene (XLPE) samples with different degassing time as research objects, on the
basis of partial discharge (PD) experiment data, the dynamic evolution processes of electrical tree growth rate and discharge
magnitude were quantified by combining derivative analysis and adaptive threshold method, and the critical breakdown
characteristics were identified by counting mutation point. The results show that degassing treatment can significantly delay
electrical tree growth, reduce discharge activity, and increase the breakdown threshold. In short-time degassed samples,
charges tend to accumulate more rapidly and trigger electrical tree expansion immediately, and the electrical tree growth and
the discharge evolution are synchronous. However, when degassing is sufficient, the processes of trap capturing charges and
energy accumulation become more prominent, and the discharge shows significant lag in driving electrical tree propagation,
and drives the rapid evolution close to breakdown through phased accumulation - release mode. The proposed analytical
method can effectively improve the identification accuracy of breakdown point, providing a theoretical basis for the
insulation optimization and health monitoring of DC cables.

Key words: DC cable; electrical tree branch; partial discharge; critical breakdown point; fault prediction
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Fig.1 Experimental platform for electrical tree growth and

partial discharge detection
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Fig.2 Effect of degassing time on electrical tree growth

B, BTt A F AR B 3T 1 F 3 50 E A v S B 40 LA
IS R R A BRI BUR N RSN, I AE
HL A FH T TR BB B 25 2 1) L A o 3K 4 23 (1] F, g
1E R E I E T &I, I8 40 3 5 v £ d
T8 TP JR) B EL g 0 L A5 A5 FR R A R E A BB AP
R,

TE FEBR A ) PR AR A B B, RS ) AR G T R
BER S, T RE R HAIERI<15 pm/s SR BRI A2
>20 pm/s, H AR K 2 77 1 I 1) 4 462 22 100 s DA
o I AL A I, 7 B0 B B, BT A B A
A5 2 R AT A PR MR 23 S8 7 1] BRSO [ S A 5 AR
W 3 o, X — AR AR 5 SR L A A R 1) S n) 1Y o
FYIFL . B, £ WA 2 d BIRE R, FRE R 7
400 s B KR 1296 um, 11 75 500 s B 2 db s 3 K
22000 um, T HZ I B A K E R
23.5 um/s, & W] LIS BB A IR0 1) 9 2 i ) ik 2 1
SR MR gl Rtk — P R, B A KO AR 1 4
T, FRE A 1 43 S R G PR AIG S B 51 R M B A
MR 53 SC L5 B 1) B S A2 T S R AR e

()R <-26 s

105s  (c) RJFA-122s

(b) R <-

(d) BA5d-0s () i K 5d-676s (f) B 5d-1200s
3 TEIRE ST B A0 H B e IR A TS 5
Fig.3 Typical electrical tree morphologies at different

degassing time
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Fig.4 Change curves of electrical tree length and

discharge magnitude

DA 03 d 9], RSB T 154 pum PR I 2
2 500 pm f ] B, 5% S &9 75.0 pC RS2 K=
1077.5 pC, 3 TE I 1)l 1= 230 [ )  [R) 38 [ 15
RAZ R G A o HE— 20 42 fUR R AR A A 48 71
AL :0~600 s NHIAEHT B, BB AL 2218 A2 K HTB
TAERFRAL ;600~700 s 3E N DR B, A AR K
R R E T R R LR PRI 2 E K
700~800 s gl T 7 % B B, FAR B FE R 2 000
pm (1 7] I J5CH, B BEHG I I A T 2 o X B[R] P I
WK A SR N AR AR R T 5 2 5
LA R, (F R g 5 3 isE T e s
2 oy IR A2 R A S TS T R V7% 20 A6 SIZ IR mie) J87 R AR
K0 ¥0 R, - 7E o 28 BT 4T 52 B BH 5 (9 5 R AR R
REAERY,

52 R RS d AR SR, FRRE R AE
B K I 1) P AR R R E 2E K 1 0~ 800 s B B FLR A DL
214.2 um/s M Z GGG K AL 1 d AR, L
THER P2 67% 1 HL & AE 200.0~300.0 pC /)
e % 51, B s e b Al 4 B AR K &2 793 pum, IR B
TI4EFETE 250 pC BT, A L5 AR K [R5 1) 12 35 K
TRMAET 150 s 2 J5, M E R AR, 7+ &
1 077.5 pC, R W Jay & . 3 78 ey 1B A2 B 5 R A Tl
FUEE A, 0 T AT A R HE N 28 I PR . X — IR
REW L AENS d BIFE S, RS AE KA I S
0TSO HL I PR A, T BR S R TR R P AR A

PR O R 43 Bt PR A 38 T PR BOUE 45 ) B N 34
51, 985 1 7 [A) HLART o = 0 PR 37 ) M AR A FH 2

B A i SO A 5 O SR 5], AR S DA
2 I 18] 5l 5o 2 KRS R AR R AU RS . Ho,
o 7 I )y B N 28k 2 e 48 o o I RE SR ] o A
Bl A I AU it %) o 2 I8 1] (249 600 8D, it 05 d B i
FA) 7 2 B 1) B 22 249 1 300 s, o B 2 2R 2 St #
e EHR . GG EUE ST, R A o IR AR R
FEL S 14 I 65 I () FRUAR B BE S AR R AE 1 200~
1 600 wm , 7] #1904 k3 N A o] 39 s 25 46 10 1 i
FrIX ]

N T BRI R RS R K B
RIEAE , %oF I 4h H 0 3E A7 b v A AL 3. R A Z-
score b #E 4k 77 15 T B B AN 22 5 Ok FBA B KRS
L(t) 5RO (r) FEHE B A MR R, in=X
(D PR &t S 56 £ 4 i [a] 8- AN VT IC (Y in) 72, B
T R A K 2 5 R ) SRASE IS T A AE i 22 (&
BR AR TRIBE 0.5 s, L B R AL RS 0.1 ), K FH 4 B
A MEIR AR 5 3t o BAR D7V - DL B (]
JF 5 R JE U 5 H AR Az K B B0 e i TR 7 1105 )
53 B, TE A B N 8 I e MR AR TH SRR B B 21 K R
1B, B 2 HE A8 I 1A) P 1), iz 4k BT SOF B 1 58
HER AR s R A K S TR E R Zh AL R, IR
UE T 4 5 R o o I A A
L(t)— uy t) —

( ;L A o (1) = o( ;Q Fo (1
XOF L, (1) WbriEJE B KR 0, (1) A
FrAEA G TR R s L (1) A B L O (1) AR
HLEE s, N HL A K S IME s o N HL A K 1
FRUEZE s puo NI EP3E s 0 NIBCFRE IARTEZ

9B A FRE B K B 5 B Y B A G BRAE  dE
— 25 K 28 X 5% bR % (cross-correlation function,
CCF) 73 #ft — 2 I I s AH OGP, 4 5 A Ut =X (2D
Frw o

Cﬂﬂﬂ:%Sﬁﬂo-gu+ﬂ (2)

D7 s J i 18] s N OB TR B . J e e
Jit,te[~T, TICARSER L T=600 ) , i 5 A [A) ¥ i B
6] T B AH O 2 580, I BB X B 11 <, 1R 9 B K i
JERFTA] . T=600 s 75 75 1 S5 56 00 I 2] 1 50 i 58 38 )]
HIVE R (200~700 s) , AT B £ 78 4 4l $1E A ¥ 20501
T8 I T BB K R O ) A8 R DR R

L,(t)=



PR T4 M SRR B L UAT P 0 PR TS LR AR W O o o 2R A A ST 73

Bh £k, #w —F Z MM R R X R . 45 R/%
B, A5 d FE A 1) CCF [l 2R 7E t=480 s Abik B {
0.85, 3 B s FHL 52 19 28 1 0k Fl A Al A= K 1) B K RS T
KL 5 480 so X U BAZE LSS d AR i, s
e AR 2R r R A 1 S AR K 2 A7 7R B3 1)
I () 4858, 3% B R A7 B B FH Ao, rE R A T R 32
Jei S P 3% 2 18 14 B D S

K F AR 8] (%) 07 32k S0 A<0 3 d & Y CCF
25,k B H G A8 L BLAE 7=0 s, 22 W 0 FR g B IR R I
R W AEK L2 FEEFTR. X—IRu
BH L 75 45 B e ASORE S (B e <3 d) L B B ) AT Bk
7= ) TV B L 6 ) 5 B PR AR R TR R AR, R
B Re i ST 3, B T R K I RE R AR I
BEp T B R A B s AR K

IR g AR, SR TR) G S 5 M A R N R AL
CR =P SRR R 3 O T R R AR K 5T
ML I B AR A Ao R I B0 R il A 1) T 77 AR
e AR S L P 80 P T A R 58 AR o DT ) 7= A
A0 = e B R B . XA AT A
I A A O e R R B DDA G . Ak, R g R
i R AR 2 P 4D itk — 2B BRAIE 11X — 2518, it
ARG A I < 2R LA 8 AR 3 s v T i v
2 AR KT S . X — R B B R
TN AR T EESE T s R A T
2R XLPE 452 PR, 1 M i I 4T 22 At
23 MEBREEHAIGIHHE

VT 45 ) 1) S R R — T gt 2 R iR
B TE R B R) (A SR 38 AN R 5 §) P9 998 MR A A
X PR R KPR T 31 S o v i Bl Hox — BR T
Mg B 52 /0 3K B4 i 18] BT BE I 65 DAL, IR iE 4
H LA DL SR S5 LR e ORI R . S
B8 H s R, ST TR R i (9 an JB <0 14 D
R 0RO A S B R ) A A R AE . AR
5 WA 14 dFE S ETCRL B [RIA F 5 000 s 5, T
5 14 S F 1Y) 1] B e 5 7E 200~300 s, S8 H B 51
JEBAPERAE o IR PRI R FLfur AR R - 2 R
R, BILE KB () /) B B3 M R, JR 0 R far 25
FEB DR B — A J5 , 5] 8 0 Rk o,
B J5 R EE R AR BB R R G E TN —
e LA A R B

itk — 2 oy W i B AT DR 5 A TR] 22 T
IR FR, ARG 7 AN R JIAUT TRLRE: B4 7380 5 44

SHGIFRM TR WRTATLUE B R
RO L AR R i 33 4 5l = e ) S T 2 2 F) AR
LMk AR . BEAE WU TR] R SE A, J=) A R A AR 2R A
AORLEAR A - JELIN B O it o B B R S BRI
B, SRR AT R 5 R LSS R TR o B AT T
JoS 5 D S AT ) vy AU L 8 PSR K5 T IS P O
finn AL 4 A S B0, A T R A AR R A R R
P 5 DR S R AR v L ) A 90 P SR A . 3K
Tt AR £ P D% 2R R W 5 Mt I T AN A5 i FL R R (1 2
R A MU AR R 5 30 8 25 AR 1 M) LA [ AL
A 25 B 1T 52 M0 28 R0k o 27 HL 07

®1 FEHREBERESH

Table 1 Discharge surge parameters of different samples

J S TRl/d P SR /pC R /(IR/1008)  JA /s

0 82.0 5.2 T 2 S
3 315.0 3.1 150~250
5 1077.5 0.8 200~300
7 538.8 1.5 500~700
14 538.8 2.0 200~300

ML 1] AFE e, B A it = 8] PR 14 0, 47
(I SRS AT AR A B AR . fER A R BT
[ RE R, B0 d B 1 8 FR P 38 R S I B R
82.0 pC, M Jii < 5 d FF i (14 5% RSP 35 S 38 i A T =
%1077.5 pCo IX—IL R K, I ] ) ZE 4 L
B2 520 ey B R B AR SRR . BE A MR [R) )
TS 28 BRI 208 (XLPED) B4 R} P 355 1) 48 6 &Il 7= 4 %
KA B LW > T REW TR AE
MR RS 35 0 R A M BRI . R, SRR 3
{100 JBE HB AR AR PR Ak L 5 K sl 2>, e 45 H A A 3 T Y
R e AR RN, AT T O O S R
JHCA B B I 5 M B, BN S R A 1 KR B T

() B, SI 56 K0 4 Y2 7, T8 HEL S0 ) A0 2 o I S
B[] ) 38 0 i BRI B . R0 dAEA)
SR A 5.2 /100 s, 17 <5 d Bl ) SEBG AT R
P& A 0.8 /100 s. X — L % 5 73 i A B S A
5 5 B8 A S0 TR) ) S, B4R P 3 4 R 1R
MUk b, 5 BUR I 38 YRR L R T O
TETE (19T F o A5 T80 H S A R A0 B A1

WFRTFEEHRT7d 14 D, HFHE
S M A 55 5 1Y A0 AR ke 2B B R 4K, AT RE Y i A
F2 SIS I AR R A A AR R AR E TR B I 2
AIRE S A EE SR A —BCa k. BRI S L JiCH



74 AR

2026,59(2)

% 1 119 A AT v s R AAE T A R 2R I IR S 0
BREAES . MGG R0 R S
500 pC i, KB R4 ] e D& KAE BN, BN K
I AR MR o b Ab, 38 5k 45 A 0 S 4 1 e ()
(] R AR AL, T HE— 20 HI W 48 2 B A I IR FE P . Y
IR 5 18 14D 1] B ) Sk 48 IS, 3R W 28 5 R I 24 %
PERE IEPRE 54, 75 B R BT 5 it -

TS u g oA, X T A 2R I A 2 AR
b, MEFER S AR T2, DA 4 20 e 5 i
FRAS o A0S d R A AR R R v A Rk D
e AU T FEL R A T e K R T ST R 5 5
() 75 BEJBCHL T3 , AT 42 1 L 40 P 26 25 A5 e 1k o
3 Wig
3.1 ERARL A CHLE S B S BT E) a9 R BE

R BT SC A vl 0, M=o A% 3 B A R N
05 B MR B, I 99 S04 FRL T R S T E ) 41 1
PERT, AT 520 R e P o BT &, A< 0 dBE
FR) T8 FEL 2 30.0 pC T it 5 d R it R 0L B T
% 875.0 pC, & W I 5 w1 R} J= 1 FiL 7 fig 2R TN
ROR DRI . XM AT BEAR 5 XLPE 45 1 13K
BACA O, R ISR ) 386 0, 22 BRI = 4 1
FERE> T ORI R AL S5 A A5 15 R 0 s e B
RO X R AR, A, Rraic e &
FEM B SR G 5 RE R TR, T AN nT
B BR I o 45 &7 d A 14 dRE S B T80 HL e 3
REAE J A2 5 I I G 3EAT 23 A, m] S i R R R R
0 R e P A B 280 Sl 15 0 R, A ) ol 328 3 4 1, I
i B S R B PR TR PR Y
3.2 FERSSIEAYIIR A R

TR B 1 A 3% R S T 52 F RS v A i AR
A% O RFAIE 5 A B AR 5 ] A BT 2 ) A ) AR
K5 HFEREENEIR . ERIBLAFE i, R R
WP RIC N W2 R I v FE I I R AR o
i, FE B 0S dFE TR EEAE 1 100~1 200 s A A
122.5 pC & Rl KT+ % 875.0 pC, H R AT & i 7
d FF & L B 7E 5 000~5 500 s P A 238 pC 58 3
% 538.75 pC, 1M it /< 14 d B i 1900 e B i 46 R s 7
173.0 pC, {HLE 3900 s 4b H L E I % 5

X — 3 G ]V BT B S A RE P R B B
MIBEAR . FEML SO RE b, S BRI 7= ) A A
P 845 P BT FL AT B A SR BE ) N R . LT 7E
H AR A 0 S THT R S B Ak SR 4R, TR LR L

MIfE N RARAR R . =45 B H by o S5 I AR 14
HLAOE I, 2 R T A, 3 EUBOR B I I
BRIV o i 22111 SR PR FL A R RE T A S S P 37 9
HEWE ZRE, RN — RN A - T
Pho THUHLSRIG A 2 K AT BLAE LR A
AT T 5 I T B R T AR 2 5 1
GIRIYER=

REL N Fid e 0 AT R D HL I ARG ] R B B K A
B B (ELR IR BT e EUR B R I e R AR
F DT 0 T80 L 5 8 (AR A W L, I 446 R
8] B8 o TR, S WSCR B A6 2 SR, 8 FRIIE 52
YR B P WA RSO LRI 3E G bR Gt ) i R B
M5 R SRR Bb4h, 5INGKEORL (U Sio,
5 ALO,) AT B2 i AR e B 1, A7 204 ) 22 1]
if FROAR 2R 5 DT A AR B0 FL B8 ) RUBR e S5 A 2 IR
T L(r) AT 3 T M 00T P B R [ AR R M S8
IS ) R AR i 2K P i 5 5 O 248 Rl s U AN T
eIV S LA N
3.3 ERRIRZMRERNHEHES BiE S Bt iTie

RS S N 5 e 0 S S ) i
BL 25 (0 AR 2 VE AL RS AL, R R By A KR
[y IS (8] S #8953 AR A L TR B A I TR P R 2
Efy JBCHL 5% 18 I [ [ o AN 5%, L 5 A 0 A el o
PREHT T F R F AR A XA EABR S
22 [ L AT (AR S R 3 DDA 5%, 8t — 2P UK TR
1] g 2 K g T30 P T O B R AR B Y D 22 S
JC LA R B 51 A i B 2 PR A KB B 2 T A i
LR B /N ) J5) 30 45 ) 22 57 B0k B R T RE
TR IR R 587, M 3 B B4 A 2 T HH IR
WL _E B« Bt o BPE o SR, e T 2 AN EE S
AT DAL 31, S R LLRE A2 B0 b 0 20 B A
ZE 5 (H FL B AR 35 (A0 5% B 08 L T AR B 2
I 5 X 8] S LB A 1 22 20 S 1) B S B T AR S D 3R
L RAFAH— Sk

BEAb 5 Ja) B T FE 5 F R A R 2 () ) % A% T 2
AT R He B B Br AR MG K, TR 7 A B T
AN E B W 5 TR R IR S B R 2R A2 AL
NI 78 B A PR RE R A 5 5 O R R
HOIEAT 73 M (UL 2.2 795D, T B Al 4 1 1 3 A o
30, SR BA AR B[R] 28 3, AT 45575
N QIR e R 5| Bl i e vl 1 R 0 N
Kk



R G55« Il S AE BRI PR 4 PR TR AR

i 5 i 2 25 A R

75

DR, LR 26 R B AR R - 23 OE 7 I AR I
S R 22 T 2 AR AL ) B2 2 PR AR B
IR A TR R 2 A R 1) B B RAIE T B

4 25

ASCE I R G 5 B B BE T T AR
PG B 48 XLPE 28 b R ra B AR 4 L JR
JBCHL R AL R i T o S R RS, AR LR
G5

QDY AR BUR/: #1337 sk 7/ PR B § 1325 )
PR 51 A 34 T DL ) LR A (8 AR A, 22 i A ]
it SR B (A8 1R BR 40 (XLPED M RHE A BT (1 45
2 QER:

(2D Jii A4k AT 42 1 XLPE B4 8} 1 48 2% 2k 2801
{8, HEILAE BN 70 h i Re e TAR K. 455

FRTBCER G T S SR AT R, B TR B B A TR
BAL O R IR AE 5 2 K R/ B A R AR
AW DT I 22 Ja3 ¥8 TBCHEL K 248 1 i ik A A
BEL T T MR K s AT e 1

S Z3 @k References

(1] AR, SR A S, 55 . AZID0IR 20 B i AR A B I B B 1))
FOCRURFPET]. R A, 2024,50(1):348-358.
LIN Guohai, ZHANG Hongliang, ZHENG Zhe, et al. Partial dis-
charge characteristics of DC electrical tree in XLPE during vol-
tage drop[J]. High Voltage Engineering,2024,50(1):348-358.

[2] ZEPh . AMENR INFITE XLPE s 28 b (K™ HI0 K It g A 40
YE W FE[D]. H PR E K ,2021.
JIANG Xi. Study on the diffusion of externally injected additives
in XLPE cables and their inhibitory effects on electrical tree[D].
Chongqing:Chonggqing University,2021.

[3] TRAGZU O MIEE, S SR LIRS L. 2 W B T
FUik RE[J]. 4a A 8E,2020,53(7):1-11.
ZHANG Cheng, LI Hongfei, YANG Yanbin, et al. Research pro-
gress in ageing, evaluation, and rejuvenation of XLPE cable insu-
lation[J]. Insulating Materials,2020,53(7):1-11.

[4] ARPRSC YA P, A5 . i SO )% XLPE # R 51 R A A KRR
PE BRI [I]. = R R R,2023,49(4):1685-1692.
XU Qingwen, ZHOU Kai, WU Yaping, et al. Effect of degassing
time on initiation and growth characteristics of electrical tree in
XLPE[J]. High Voltage Engineering,2023,49(4):1685-1692.

[5] KM S EZ X XLPE B A A2 RF I R 2 i T 72 [D]. B #R: PY
NIKRE,2021.
ZHANG Qiaofeng. Study the effect of crosslinking degree on the
growth characteristics of XLPE branches[D]. Chengdu: Sichuan
University,2021.

[6] Z&J=7e, BAR DS, Mt e, 55 . SC I 3R 20 v 4 WU 22 AL IR T et
JE[)]. LRE¥E RN FH,2023,51(7):175-181.

[7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

QIN Chenyuan, WEI Fuqing, YANG Shiyuan, et al. Research
progress on electrical tree aging of crosslinked polyethylene ca-
bles[J]. Engineering Plastics Application,2023,51(7):175-181.
LIUM C, LIU Y P, LI Y D, et al. Growth and partial discharge
characteristics of electrical tree in XLPE under AC-DC composite
voltage[J]. IEEE Transactions on Dielectrics and Electrical Insula-
tion,2017,24(4):2282-2290.
YANG Z R, GAO Y, DENG J, et al. Partial discharge characteris-
tics and growth stage recognition of electrical tree in XLPE insu-
lation[J]. IEEE Access, 2023,11,145527-145535.
ROY S S, PARAMANE A, SINGH J, et al. Characterization and
identification of electrical tree growth stages inside high-voltage
cable insulation[J]. IEEE Transactions on Instrumentation and
Measurement,2023,72:1-9.
WANG H H, XIAO G C, WANG L L, et al. A novel approach to
partial discharge detection under repetitive unipolar impulsive
voltage[J]. IEEE Transactions on Industrial Electronics,2022,70
(11):11681-11691.
YABUUCHI W, WADA A, SASAKI S, et al. Electric field
strength and tree propagation speed for electrical treeing in sili-
cone gel[C]//2020 International Symposium on Electrical Insu-
lating Materials. Tokyo,Japan:IEEE,2020.
ROWLAND S M, SCHURCH R, PATTOURAS M, et al. Appli-
cation of FEA to image-based models of electrical trees with uni-
form conductivity[J]. IEEE Transactions on Dielectrics and Elec-
trical Insulation,2015,22(3):1537-1546.
CAETANO D L Z, DE CARVALHO S J, BOSSA G V, et al.
Monte Carlo simulations and mean-field modeling of electric
double layers at weakly and moderately charged spherical mac-
roions[J]. Physical Review E,2021,104(3):034609.
Bl ERURE 22, R RS SRR R AE IR SR M P AT
TAT NI RENAT]. A AL TR 24, 2015,35(11):2903-2910.
ZHONG Qiongxia, LAN Li, WU Jiandong, et al. The influence
of cross-linked by-products on space charge behavior in XLPE
[J]. Proceedings of the CSEE,2015,35(11):2903-2910.
o B R ) % AR B AR AN TR RLRE R ST R Ak 3
500kV XLPE ELifil B85 T #3 Sk B2 WA (D], o [ R AL T2 F 2
#.,2022,42(17): 6499-6511.
MENG Fanbo, CHEN Xiangrong, XU Xing, et al. Effect of di-
fferent roughness interface and degassing treatment on 500kV
XLPE DC cable factory joint[J]. Proceedings of the CSEE,2022,
42(17):6499-6511.
U . e e B G 28 b 22 i S B R I R B S R
JHCH IR M 92 [D]. Lt IR0l K 42,2021
ZHU Xi. Correlation characteristics of electrical tree and partial
discharge in high-voltage cable insulation under AC and DC
electric fields[D]. Shanghai:Shanghai Jiao Tong University,2021.
B WY SZ IS 20 v R A B 2B R PR ST (D], D
FHCRE2011.
BAO Minghui. Study on the electrical treeing characteristics in
cross-linked polyethylene[D]. Wuhan: Huazhong University of
Science and Technology,2011.



76

AR

2026,59(2)

[18]

[19]

[20]

(21]

[22]

(23]

[24]

ZHU X, WU J D, WANG Y L, YIN Y. Characteristics of electri-
cal tree defect during the growth period in high-voltage DC ca-
ble under stepped DC voltage[J]. IET Generation, Transmission
& Distribution,2019,13(15):3195-3201.

JEHE R, 0 A 0 TR SR, A L T bkt LU TR AR A ] L SR
AR U BRI (], 5 HUR R, 2023,49(6):2625-2633.
TANG Yanxia, LIU Xuezhong, WANG Jingna, et al. Electrical
tree characteristics in winding insulation for inverter-fed traction
motor under repetitive impulse voltages[J]. High Voltage Engi-
neering,2023,49(6):2625-2633.

R XLPE L85 1 32 5 Rl 7 00f 725 18] R A 52 8 19 B R AiE 2
W SL[D]. b b A2k :,2020.

CHEN Meng. Study on quantitative characterization parameters
for the effect of cross-linked byproducts on space charge in
XLPE cables[D]. Shanghai: Shanghai Jiao Tong University,
2020.

ZHU X Y, ZHOU G Y, YIN Y. Numerical simulation of trap
modulated multi-mobility charge transport under AC field[J].
IEEE Transactions on Dielectrics and Electrical Insulation,2023,
30(2):681-689.

ZHENG H L, ROWLAND 8. Partial discharge characteristics
during electrical tree growth in LDPE[C]//2018 IEEE 2nd Inter-
national Conference on Dielectrics. Budapest, Hungary: IEEE,
2018:1-4.

BENESTY J, CHEN J D, HUANG Y T, et al. Pearson correla-
tion coefficient{M]. Berlin:Springer,2009:1-4.

SHUMWAY R H, STOFFER D S. Time series analysis and its
applications: with R examples[M]. Berlin:Springer,2025.

[25]

[26]

[27]

[28]

BENZEROUK D, MENZEL J, PATSCH R. The role of accumu-
lated charges in partial discharge processes[C]//2007 IEEE Inter-
national Conference on Solid Dielectrics. Winchester, United
Kingdom:IEEE,2007.

ZHU X, WU J D, WANG Y, et al. Characteristics of electrical
tree defect during the growth period in high-voltage DC cable
under stepped DC voltage[J]. IET Generation, Transmission &
Distribution,2019,13(15):3195-3201.

Py AR, B LA AR ARAR A8 06 Tl SR A A L AR TR R e
BEAZIRIR LI A8 25 ro B B 5 AL RF IR IR SE A F FE D). L 44 L,
2025,58(3):24-34.

YANG Zhuoran, LU Lixiang, XU Weilun, et al. Effect of pho-
ton-trapping voltage stabilizer on degradation characteristics of
electrical tree in XLPE insulation for high voltage cables[J]. In-
sulating Materials,2025,58(3):24-34.

Xz G, R B R A AIRA L R XLPE F R A AR K K R
PR R P[], 2544 H,2024,57(4):66-71.

LIU Yunpeng, YIN Ziao, LIU Hechen, et al. Propagation and
partial discharge characteristics of electrical tree in XLPE cable
insulation under low-frequency AC voltage[J]. Insulating Mate-

rials,2024,57(4):66-71.

15 #s HEA:2025-04-10; &3 HHA:2025-06-23 ,
TEHE N

BRF(1990-), B (%), i HEXA, GAIREF, T2

N Z R Y 0035 e B R I AR,

BATEH ARR(1991-), F (k) LR REA, BT

R, 2 BNF 5 ELLGH L EH R BN LR



