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Table 1 TD value of different water
tree aging samples
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Fig.7 Variation law of cable VLF-TD (0.1 Hz)
(IEEE Std 400.2—2013)

BATH A L A ), i A 4 iR A
R PRSI R — B P, DRI A AR B 4 R
KRR AT 1] RE A Ry B K ¥4 4 T i SO 73 i A 48 2%
BT LASEBR AR B 2T I B AT 2 A A1 450K 5 52 bria
L EOK SRl P A iR L I K P 1
MR AT AT AT A5 38 3, F HARSILL R 451

(1) TEHARZSHY 92.8% o 25 A H 5 6 25 I
PP ] (438 A F T 1 T o, DR Fp 2 1 B T el AR
AN o TR RS FR AN W L T H 4 4k
i EL A3 71.4% F 28.6% , AT UL A 45 K A Ak
FEEE LA AR R B IR ] RETE UK

(2) SRR P 71.4% fo 2528 H A 10 5 B il 2
02 S [6] A R S F) T R TS BT R R R o T

ARSFIIE HOR A W T B B4R 7 09 A 4 4R B o 1L
I3 N 28.6%F1 7.1% , @ik LA E 534l %0 DTD Jy
AR S PR AL T 11 B WORES, R Z b T
S R ERAE R W B 48 b DTD fR7E UM A,
A PR IR R 22 . PR, DTD S 45 0 63 m] DA
ot R AR — A FE . HRTHY TEEE 4 F
B ) BTN S5 ] S b X P 9 B 3K DTD i L
HERAEL, AR 55 A L8 1) SR 2%, AN BE S DTD
HTRITEOC, SR 18T RDTD,

(3) AT IEH RS HL S5 B Sh B (I RS
B/MEZZE) N 0~2.3, HEREN 2~30, RHEIREES
f9% 5 ~50, Hy st n] UL, v 4 A 458 14 S W] B2 0 T
AT UL e i R A o e R g 2 D B A A
Skirt A 4fg 5 Sy A A0 kLIRS R (R A B/ IME
M2, X 50 B FFEAHY) & iR T Skirt H 4
A RCE . BISCPR I T ETD, 5 SCRLEA [
et I ) P A 45 i KRB AR/ IMEL Y 22 o

*3 BERMNRBIESAER
Table 3 VLF-TD data analysis results
BEANE AW 1 TE AW Bk

WA A Wl A sl o K& el i
Mo /% /% {8 /% {8

3 214 10 714 0~23 1 7.1 0~04
FE 0 0 10 714 2~30 4 28,6 2~5
0 0 4 28,6 3~20 10 714 5~50

2.3 BRI BRGNFFEE R

H T TEEE SRS 1 1 IR S RIEA 3 > H)
i, 70 ) SRR A RS R TD AR A 5 BE
JEASE PERY DTD A 45 Bl ek 5] £3 2 #: 1 STD,
2545 RDTD F1 ETD JX 2 A5 AR 4 , W 29 s ]
Skirt 4] 4f5 , 5 51 B 56 35 A9 5 AR A5 A0 450 A6 0 4 455 4%
Z, HoE L MRRIL N 4 s

R4 BEFANBRNFENE Y
Table 4 Definition of VLF-TD detection criterion

R 147 X FAL
- Uy F i 8 4 J 19 S
AT 31E oKk
STD Uy TR 8 A~ JE 4 Sr-45 B B[R]
B R FRE2E FaE
1D L5UFO0.5U, FIIAHCERIEZ A4 ipEiE
F L xHE (| 1.50,-0.5U, 1) =Yl cd

RDTD 0.5U, 1 1.5U, A H T+ (8 A4 it H

Z%(0.5U,-1.5U,) , JiFfl T
ETD 3 AN R 24 AT AR A4 BE R R B
’ APl A G AMEZ 2 SRSty yaed d
Skirt 15U, F il 8 4~ JE 44 45 B [
IRME S /MEZ 2% Rk




R HEHER 14

3 #iE

TERLGK B B S50, BEE 2 AL I )3 I
HLAE KA RS K, [l HE 0.1 Hz R 48 (E 3K,
KUk 1R RS SR I X T Wy XLPE 46 250K v &
PETE ORI o SO aE e o B A 10 8dls , £ O
A BRI 4, BPRDTD A1 ETD , ] i 18 44 5k [ 4
it Skivt FHE T BN 5E 3 14 S BRI 3 1A R
Oy i R [ Y E R A BUIRZES PR LR SR IS %
Sk
(1] SRALAL, W2 R, B R K , 56 T Bl (& #4 P IR IR B rp
B ARTPIRASZS BRI [ T]. ) TR ,2019,38(1)
30-36.

ZHU Liwei, PAN Hongcheng, YING Zhanfeng, et al. The state
space model of conductor temperature estimation considering
axial heat conduction for middle and low voltage single core
power cable[ J]. Electric Power Engineering Technology,2019,
38(1):30-36.

PR, B2, B, 4. R SCIR P A Sk B B T R
MWk sE[ 1], Wik AR, 2014,50(5) : 1-5.

YANG Fan,ZENG Chun,RUAN Ling, et al. Study on diagnostic

(2

[}

method of compound boundary in medium voltage cross-linked
cable joints moistened [ J]. High Voltage Apparatus, 2014, 50
(5):1-5.
[3] b, e, BT AR , 5. 10 kV s8R R LR B g is TR AS oF
fhdr ], E L ERIAR ,2017,43(5) : 1684-1692.
YANG Ying,YOU Jiao, JIA Zhidong, et al. Evaluation analysis
of 10 kV XLPE cable’s operation condition[ J]. High Voltage
Engineering ,2017,43(5) . 1684-1692.
U BRE, BUEA, 4. 10 kV XLPE B 4532 40 2 R PR 5T
[J]. ER$FAR,2014,38(10) :2875-2880.
YUAN Ye,CHEN Jian,JIA Zhidong,et al. Study about insulat-
ing properties of 10 kV XLPE damp cable[ J]. Power System
Technology ,2014,38( 10) :2875-2880.
EHE I, R, 2. TR K B AL B A G RE SR T X
AR HILT]. TR, 2018(4) :44-47.
LI Weiwei, YANG Lin,ZHU Ke,et al. Application of technology

—
~

—
W
[

of improving insulation performance of water tree aging cable
[J]. Electrotechnics Electric,2018(4) ;44-47.
[6] LA, B3R IR A, 4%, T RUEEOR Y & e S 5E )
1], &L RS ,2010,46(7) :100-104.
DU Boxue, MA Zongle, HUO Zhenxing, et al. Recent research
status of techniques for power cables[ J]. High Voltage Appara-
tus,2010,46(7) :100-104.
XK. 35 kV K LUF XLPE iy i i a2z 2 AL PG T E[ D]
g B R, 2014,
LIU Fei. Evaluation of the insulation aging of 35 kV and below
XLPE power cables[ D]. Shanghai: Shanghai Jiao Tong Univer-
sity,2014.
[8] MR ZE, ¥Rl AT, £ —F, %F. XLPE HUZ558 UMK R GE He
B MAELI[T]. ) TR ,2016,35(3) :39-41.

[7

[

YE Guanhao, GUO Xiangqi, WANG Yilei, et al. On-line moni-
toring of ground DC current for cross-linking XLPE cable system
[J]. Electric Power Engineering Technology, 2016, 35 (3) .
39-41.

[9] IEEE draft guide for field testing of shielded power cable
systems using very low frequency ( VLF) (less than 1 Hz) .
IEEE Std 400.2—2013[ S]. 2013.

[10] HZRI, BREEAK, #5745 10 kV SR 85 2 AR TRH 52

MG Cl /2 E ) 8ihatiT 2R 218 3. 2012:
532-536.
DAI Dongya,ZHANG Yanlin, HUANG Li,et al. 10 kV XLPE
cable aging state evaluation test case[ C]//Proceedings of the
National Power Cable Operation Experience Exchange
Meeting. 2012 .532-536.

(11] RSN, 248, 0, 4. L T B AR A 45 A6 0 Fr) Hls 48 408 2%

PEREPPAl S5 R R R AT [T ] 465 kL, 2018,51(4)
64-68.
RENG Zhigang, LI Wei,ZHOU Feng,et al. Evaluation of cable
insulation performance and analysis of its influence factors
based on ultra low frequency dielectric loss detection[ J]. Insu-
lating Materials,2018,51(4) .64-68.

[12] LEE Jae Bong, JUNG Yeon Ha. An amendment of the VLF
tand criteria to improve the diagnostic accuracy of the XLPE-
insulated power cables[ J]. Transactions of the Korean Institute
of Electrical Engineers,2010,59(9) :1644-1650.

[13] KIM D,CHO Y,KIM S M. A study on three dimensional as-
sessment of the aging condition of polymeric medium voltage
cables applying very low frequency( VLF) tand diagnostic[J].
IEEE Transactions on Dielectrics & Electrical Insulation,
2014,21(3) :940-947.

[14] SUNG Tai,CHER Leung. HK electric’s experience of VLF di-

agnostic testing on distribution cables[ C]//%f H_J@ " [# [E br
fitH 21 (GIRED) i 3¢ 4E. 2012 1-6.
SUNG Tai,CHER Leung. HK electric’s experience of VLF di-
agnostic testing on distribution cables[ C]//Proceedings of the
S5th China International Power Supply Conference ( GIRED ).
2012:1-6.

[15] #Z:W. IEEE P400. 2/D11 FRETT % &1 fa 45 2 L TEM

FMEAR C /72 EE LK B BT 2R &1 3
4. 2012.521-526.
DAI Dongya. Cable aging evaluation measured data considered
in the revision of IEEE P400. 2/D11[ C]//Proceedings of the
9th National Power Cable Operation Experience Exchange
Meeting. 2012.521-526.

[16] e, Z4RAS, AR 35 kV K AT B o s 50 B 1tk

SN BB BT S SEET]. PEEE (BRI ,
2012(11) :32-39.
ZHU Liang, LI Zhenjie, DAI Dongya. Amendment dynamics
and trends of international regulations for dielectric loss aging
evaluation of distribution cables of 35 kV and below[ J]. China
Electric Power( Technology Edition) ,2012( 11) ;32-39.

(17] 58, NG, MR, 45 T2 48 2% AR R K B B A B4 o v



15

il A5 TR AR N XLPE R854 5% 52 WA A1 48 05

Iy [ Cl//2E B T AR E R RSB CE.
2006.47-51.

WANG Le,SUN Ying, WANG Huiping, et al. Standard test for
assessing water dendrites in insulating materials [ C ]//Pro-

ceedings of the National Electrical Testing Technology Acade-

[20] W42 FETF R A 45109 10 kV XLPE e 4§46 12 Wi it 52

[D]. B AP RS, 2014,

ZENG Chun. Study on insulation diagnosis of 10 kV XLPE ca-
ble based on PD and dielectric loss[ D]. Wuhan ; Huazhong U-
niversity of Science & Technology,2014.

mic Exchange Conference. 2006:47-51.

(18] FaSOf, TR, RIR 53, 45, A BROCEE ST SCHE B L 0 v
BRMARHLBEL )] 462801, 2016,49(12) :70-75.
TAO Wenbiao, MA Zhenguo ,SONG Shuyong, et al. Mechanism

A (1983) , 55, AL, AR U, DA S 1EC 1)
2423z 4k A 5= T 4F ( E-mail ; mananxjiu @ 139.
com) ;

AR (1992) 5 AR, BESE 0T
FL AR I A 5

JE(1993) , 55, 25 4, By SR TR UW,
H ) DR R AR

of water tree growth in XLPE cables based on finite element
method[ J]. Insulating Materials,2016,49(12) .70-75.
[19] PUTTER H T,PETZOLD F,HERPERTZ P,et al. The evolu-

tion of VLF testing technologies over the past two decades

[ C]//Transmission & Distribution Conference & Exposition.

2012.

Detection criterion of XLPE cable insulation based on

very low frequency dielectric loss
MA Nan', LI Jinxian>, ZHOU Hai’, YU Peng', FANG Zhankai >, LU Xu'
(1. Shenzhen Power Supply Bureau Co.,Ltd.,Shenzhen 518000, China;2. State Key Laboratory of
Power Transmission Equipment & System Security and New Technology ( Chongqing University) ,
Chongqing 400044 , China;3. Chongqing Taishan Cable Co.,Ltd.,Chongqing 401120, China)

Abstract: The cable very low frequency dielectric loss ( VLF-TD ) test technology has just started in China. The TEEE
Std 400.2—2013 VLF-TD criterion is not fully applicable to localized XLPE cable of China. It is extremely urgent to carry out
research on cable VLF-TD test. Therefore, the effectiveness of VLF-TD test for water tree degradation detection is verfied by
accelerating water tree aging test and carries out on-site measurement. The 252 sets of data measured are classified and it is
found that the cable line with a negative dielectric loss rate is in a state of attention or abnormality,and is mostly in an abnormal
state. And the fluctuation value of the dielectric loss can more clearly and intuitively reflect the running state of the cable.
Therefore ,in addition to the three existing criteria of VLF-TD,the new characteristic quantity reverse dielectric loss change rate
and extreme difference of dielectric loss are proposed,and the Korean Skirt dielectric loss criterion is absorbed , which is finally
improved. The VLF-TD test criterion system provides a reference for the formulation of the VLF-TD aging state evaluation
procedure for distribution cables in China.
Keywords : cross-linked polyethylene (XLPE) cable; very low frequency dielectric loss ( VLF-TD) ; cable water tree ; detection

criteria;reverse dielectric loss rate ;extreme difference of dielectric loss
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