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Fig.1 Equivalent circuit of transmission line per unit length
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Fig.2 Water tree defect cable diagram
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Fig.3 Reflection coefficient spectrum of several

cables with different water tree defects
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Fig.5 Water tree finite element simulation model
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Tab.2  Simulation specimen of deficient cable
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Tab.3 Diagnose results of water trees
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5
6

100 40~40.10 40.01 1.008C, 1.902¢4 0.025
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1. 008C
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4.2 TEEBWZIN

TEHL A T I A1 DL T, T 12k T B A
WS W R | T X 52 B 1oy s 672 28 1T BB TG 75 1)
WP 155 OO0, e 2 T P 40 £ 2 IS U BT 4 U VA2 W
SERLMREI , A — AR B 500 m Y HELAE (KRR
BEAE 200 m Ab) #EAT (5 ELBE AR, LR i o3 ol 4 AR
PR (Z, = 10+j50) MIEMRE(Z, =5 000-j10/w)
B2 25 SR N 5] 10 iR, WP 67 28 28 30 KA



5540 % 57 W

34 HL ML RE BT R
%105 3X104 6><]04
2 Bk 1 | A 1 s 1
s | —— —#&2 /H| 5, T T TS o, | = — A /]
= o = L 5 | e wmen |
= 1 ALK | = PN = g A
8 | meus | | 81 I'I X2 {
- | A
0 \/J\E_w—-------"gbﬂm 0 j\ 0 N PR \~
0 50 100 0 50 100 0 50 100
PEE/m BE B /m BEES/m
(a) FEAR2GREA 1 G R X EL (b) BEARI G REA I A R b (o) FEARAGREAR M AR H
3 %104 6 x10%
BAl — — — S Pk 1 N B 7
[} 10° - #2’3 6 ’// ==
Op) | sk z o AN | 24 A
= ABBE N 5 10 ' =
27 = £
! h N 02 KR a2 éﬂﬂf
0 10° : ' 0
0 0 50 100 0 50 100
BAE/m BRE/m BAE/m
(d) BEAS HREAR I B 45 Xt b () FEARG GREA L LA Xt E O FERTHRLR
B9 KR s R
Fig.9 Simulation results of water tree diagnosis
SRS 14040 oA 0 o7, E SRR TR A2 B (B <10°
rd [, N /| N N N /) 6 [ '
3 192, FEAME AT MIZWNEAE S 3 261, K2 Z,=104j50
RORILTP—3, Bk, S8R pr 8 5 i 112 Wi °
L5 RS e n] L2 24
= g - b
4.3 JEMXRETLE N
A2 (15) AJ 0 W53 0 Bl 23 52 e 12 B 245 2R | 4% Doy
FAARGOA AT EL 12 0745 7 10 B W BB, B o | JL
S S AR 20 FR R RO 1 AR SO IR TR o} e
LLHE , BRI LR > 0. 14, b 1 gl RS/
KHE A ASHE B, HE X0 " @ BiEaR
v 6r
A= 7 (19) Z,=5 00010/
st
HACI R 8 Y T IR IR 5 0 A Nt
v e
= 20 g 3
S Z 107 (20) g
o R AR, JRAE 1.5 x 10°~ 2.2 x 10° o2
m/s Y, A SCREERI TR o (3B R 1. 627 x 10°, ai ]
ARG L FR X2 W 25 3 i 52 e A, X — 0 00 200 %300 200 500
2 N N FEES/
B 500 m # FLEE (KB 1 B 75 200 m &b ), 2k (&) BHSE

AR B L BRAE £, , ARIF 2 Wil 2R 5 R
R £ BRI 11 B A T A0 A
IR SRR AE (0L A2 S PRI K K2

Ve,
K = Peak (21)

VRMS

KA, Voot HZETEREL D (x0) RUE(E; Vi I D (2) A

B 10 ARRGEIEET e Hiss R

Fig.10  Diagnosis results under different load types
RE

W EL PRI AR K 220 132 Wy S e g Ty S AR R, B K
{EHCR 2 W S B A 2 WERUR] | 12 WK R AR ey



JE W, EEE WA, % TR REGEA XLPE R K R EE e ()], B T H AR AR, 2021,40(7) :28-39. 35

*10°
16 . . . : 2.5
1 —eo—— IEEFEH K A
L —A—— MRS 120
12
& )/‘\ / o
= 10 v 15 &
N / %
g 6‘/ I I / 1.0 :%\
A | Jos
2}
0 : : ® 0
20 40 60 80 100
L BR#Z/MHzZ

B R RS W R B R

Fig.11 Influence of upper frequency on diagosis results
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Location of water tree in XLPE cable based on reflection coefficient spectrum

ZHOU Quan, WANG Xin-yuan, OUYANG Xi, JIANG Qian
(State Key Laboratory of Power Transmission Equipment & System Security and New Technology ,
Chongqing University, Chongqing 400044, China)

Abstract: Water trees in underground cables can continue to grow for years without changing cable performance
and eventually lead to unexpected insulation failures. In order to solve the shortcomings of the existing technology in
the localization and diagnosis of cable water tree defects, a water tree location method based on reflection coefficient
spectrum is proposed. Firstly, the analytical model of reflection coefficient spectrum of cable with water tree defect
is constructed by transmission line theory. Then, the influence of water tree defect on reflection coefficient spectrum
is analyzed, and the diagnosis function D(x) is constructed based on the generalized orthogonal method to locate
and assess the water tree. Then, the influence of multiple factors on the diagnosis results are analyzed by simulation
experiments, the best test frequency range is selected, and the diagnosis sensitivity is analyzed. Finally, a 50 m
long cable with two artificial water tree defects was tested in the laboratory. The simulation and experiment results
verify the effectiveness and accuracy of proposed method. The method can precisely locate multiple water tree de-
fects in the cable, and the relative error is less than 0. 4%. Besides, peak value of D(x) can be used as new char-
acteristic quantity for water tree assessment.

Key words: water tree location; reflection coefficient spectrum; XLPE cable; distributed parameter



