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Abstract: The real-time monitoring of power cable insulation
status is of great significance to ensure its safe and stable opera-
tion. To address the limitations of existing cable insulation on-
line monitoring technology, in this paper we propose an online
monitoring method for XLPE cable insulation based on low-
frequency signal induction. Firstly, the basic principle of this
method is introduced by an analysis on the low-frequency in-

duction signal parameters and and optimization of the sampling
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methods. Then, an experimental platform is built to carry out
online insulation monitoring for the artificially accelerated
thermal aging cable and actual out-service cable. The results in-
dicate that a signal, characterized by the voltage amplitude of
5 V and the signal frequency of 10 Hz, can be injected through
the open triangle side of the potential transformer at the neutral
point of the distribution network. This injection induces the
zero-sequence voltage and current in the cable line, enabling
accurate online measurement of cable insulation resistance,
leakage current and dielectric loss factor. For the artificially ac-
celerated thermal aging cable, the maximum error between the
dielectric loss factors obtained by the low-frequency signal in-
duction method and the offline polarization-depolarization cur-
rent method is only 12.6%, and the results obtained by the two
methods exhibit identical time-varying patterns. For the actual
out-service cable, the test results of the low-frequency signal in-
duction method are consistent with the actual operation status
of the cable. The test results demonstrate that the low-fre-
quency signal induction method can achieve accurate online
measurement of cable electrical parameters, thereby satisfying

the practical requirements of engineering application.

Keywords: XLPE cable; cable insulation status; low fre-

quency signal induction; insulation aging; online monitoring
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Fig.1 Schematic diagram of low frequency signal
induction method
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Fig.2 PSCAD/EMTDC simulation model of the

distribution network
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F54 PSCAD/EMTDC {HEAFRIIT & 2 Fs.,
B2, BU10kV RGEIEATOE, HL W AR
50 Hz, ZREEAMTE 100+j20 BHBT, HE40KE 500 m,
HLAE S YILV22-3x95 mm?, HEA R ~F S5 012
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Table 1 Dimension parameters of the
YJLV22-3x95mm? cable

TR dLEERE NERRZE XLPER SMESHRE
95 mm’ 11.6 0.8 34 0.8
WRRZ  ONPE BRRRESE SMrE mdUME
0.12 1.0 0.5 3 56

PT BEALR Al PSCAD H 4 1) UMEC 4% Fk # A5
AL, DB ] PT (54558 JDZI-10 4 HL & B
JER ) AAREE, Gl H o ERRL Y V- R
AL PT Bt AR et b i et . BRI V-1 5k
PEINER 2 R 31, D BR PT R4 R %t e Ha 1)
(IR, 78 PT — IR 2 Bkt H B (Tl 2%,
FL BHAE 2000 Q ) 42230,

2R B 715 R £% 6 1 SF7-31500/110 %4 -5 1) 1%

Fz2 JIDZJ-10 BIEE =R V-145M%E
Table 2 V-I characteristics of the JDZJ-10 PT

Vipu 0.00 0.31 0.54 0.86 1.23
I/pu 0.00 0.32 0.57 0.90 1.29
V/pu 1.48 1.70 1.88 2.13 2.23
I/pu 1.63 2.07 2.60 4.20 6.14
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100 Hz L F A, PT HA R 4P AL A8 Rk Do,
gEIRNE 3 Fis .

[E

J;OI\)&@OCOI\J&O\
— T T T T T T

AR LEF AR R 2 /%

0 60 80 100 120 140 160
% Hz

B3 AEMET PT LTk FHHEITIRE
Fig. 3 Average relative error of transformation ratio of PT
at different frequencies

3) GRS LI RS B . i AR A
KON S, H A e 2 ik U R IR B G B R H R
IRUR=UIR) BB Ic(I=2nfCU), #E SR
AL R Ip/1c>0.2 W45, WU REORIIE TR DU ok B
BOR . M i g i BHARE (A Dy 500 kQ,  SCBEXT
HiHLZF C<100 nF B, AR[FE B AL 5 SEHAEA
ARCATXF I 1) BEL A B 9 R 25 M RO L T 3 3 TR
A DL A G S I3 AE 1~20 Hz Ju N A2

*3 ARESAERTHMEBRRFERREL
Table 3 Resistive current and capacitive current ratio at
different frequencies

R4 TEESHETHRENMGHERTEER
Table 4 Simulation and calculation results of cable
dielectric loss at different signal frequencies

tand/%

LIS rfh2E ey vy R2E/%
0.1 75.8587 25.1949 25.1804 0.0145
0.5 87.1140 5.0413 5.0361 0.0052

1 88.5564 2.5201 2.5180 0.0021
2 89.2777 1.2607 1.2590 0.0017
3 89.5191 0.8393 0.8393 0

4 89.6390 0.6301 0.6295 0.0006
5 89.7118 0.5030 0.5036 0.0006
6 89.7596 0.4196 0.4197 0.0001
7 89.7939 0.3597 0.3597 0

8 89.8194 0.3152 0.3148 0.0004
9 89.8393 0.2805 0.2798 0.0007
10 89.8553 0.2525 0.2518 0.0007
11 89.8687 0.2292 0.2289 0.0003
12 89.8794 0.2105 0.2098 0.0007
13 89.8887 0.1943 0.1937 0.0006
14 89.8967 0.1803 0.1799 0.0004
15 89.9036 0.1682 0.1679 0.0003
16 89.9098 0.1574 0.1574 0

17 89.9149 0.1485 0.1481 0.0004
18 89.9196 0.1403 0.1399 0.0004
19 89.9239 0.1328 0.1325 0.0003
20 89.9227 0.1349 0.1259 0.009

fIHz
C/nF
40 30 20 10 5 1
100 0.064 0.078 0.106 0.159 0.318 0.637 3.185
80 0.080 0.100 0.133 0.199 0.398 0.796 3.981
60 0.106  0.133 0.177 0.265 0.531 1.062 5.308

AN, BIATT IS R, 2 g7 0.1
Hz S5 i R T 2 B HFERHE, SO EAGS
BARIRBEE N 0.1 Hzo 25 EFTR, TEALGE S
FILF M 0.1 ~20 Hz,

E— 20 W, i B A VE AR, GE O
PSCAD /i EAS R FHIR T A4, k55
T2 () XSS TS B A0 45 R ot

AR F7,2025,42(2)

FixtEe, 25 4 proR. REITW, SEAR
SRS 3~19 Hz yu Rl N A LR, B 5110 R
ZEYINT 0.001% BEAR, 5 TH0 A A 1) %
BAeT, AR B B ol v AR 5 A
AR IR L T AR, R FFT
A 2 BN 2 B R U 0S), 2R A A B R,
BUEAMG SH% 10 Hz,
24 RHEFRMIEE
241 R
ORFENTRIEE R 1s, RAESIHRTE 1 ~200 kHz
10 N AR, B 07 BRI A5 R S g
PUTESRXT L, HHARZEWE 4 R,
HH &4 AT, RECRAE ARG 0, AP & iR
22 V- B AR E 2 BB/ o 2RI Rk F]
20 kHz LA bW, L 25 4 48 % 152 22 /0 T 0.03%,
FRAfEZE/NT 0.02%, RAEDI 3 2 A 10000 Bk B
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Fig. 4 Errors of simulation and calculation results of cable
dielectric loss at different sampling frequencies
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Fig.5 Errors of simulation and calculation results of cable
dielectric loss at different sampling span
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i BEE R SRS R R AR 2ZE K S FR .

A X HLZE SR AT, FEANFEREESR T, At
D315 22 Bt RATE I B I A0 /N o 2 RAFE AR
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Fig. 6 Online test platform for cable insulation

status monitoring
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Fig. 7 Structure diagram of thermal aging cable sample
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Fig. 8 Test results of dielectric loss factor of the cable at
the frequency of 0.1 Hz based on PDC method

etk gm e is, BRI A2k
AL HL M ( polarization and depolarization current,
PDC) ¥, XF3L 0.1 Hz /45 e B L 3 38 0 AT B
Ak, S5 RWE 8 s

H & 8 T, FEAS 0.1 Hz A #5t B 1 AL R
s, R ZFEARR 0413% &1 2
0.527%, B ZEMEAL 432 h FEARY 1.706%. TEIL
R, O, o FEE B A A A O
FEENERE A, 1 AR AR . 5 — T,
ARl DK e A Rl T AR BT R i X R AR X7
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o HE BT R RN, R AE R 2 ¢ I -
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FEAA PG AL/

b, FFAd B g A K 6 SLE 15,
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5 VAR ES, WA 10 Hz /v fit .

(& 9 SRk FARARR 5 BN 5 A5 A HL 4 10 Hz
g R, A EXT L, K PDC XA 0.1 Hz
R 2. IERH, 10 Hz 8555 0.1 Hz
IEERIRIERY]N, BRIRZEEIUN 12.6% (324h) o
[, i A s RIS, R AR A 5 75D
38 10 Hz A+ 45176 0~108 h X [ 75 2% 18 14, 7
108 h Z Je PR 3G K o FR R R, IS5 5 Sk
1277 S5 R H A 0 7R Lok I

E— b, X gt o &Y R, JEXT
FE R R AT 5 AT LB ( scanning electron
microscope, SEM ) W<, Z5 & 10 frs., A
DUEIL, FEARTER AL R R R Bk, H

WA ® Ay, 2025,42(2)

B9 {RIA1ES ALK PDC ENRE LMK & R 7Ttk
Fig.9 Comparison of dielectric loss factor test results
obtained by low-frequency signal induction method and

PDC method

(d) #&1k 324 h (e) Ak 432 h

10 AZUBLBHEZYH SEM MR
Fig. 10 SEM observation results of insulation section of
the thermal aging cable

WA AL o R B AR REA T b R & AL
HEA 108 h EREAR T B B AL, e KBAL
RSP 25 1.3 pm; AL 216 h J5REAR R R HFLR
SEHEE 1.9 pm; BR324 h R REA R K AFLR
SF252.0 pm; HEEAL 432 h JE, REARTALEE B
WL, BARMATHEE 2.1 pm, MEEHEAZ
T, L S A B A R, E PR
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2MR, HEAT I TR AR AR 5 SR ) 2 TR A W
B 48 5 YIV22/3%50, s fT4ERRZY 10 4F, Hirp
1 SHAKE S4m, 2 5HEKE 42m, 470
AT, X HBEREA AT bR v A X A b B, D
T 53 VI T P B B A I T e A SR s . 365
B EL AT AE R . R, B AT
% 1 km W42 B ALF 10 ~100 MQ Z[H], H
HA T 1%, RB4 L0 1B 21k,

x5 EFRIESBEMBIEEAHRLGNIRER
Table 5 Insulation test results of out-service cables based
on low-frequency signal induction

=} =}

1= 25

NG
EEEE M Bl o AM BH CH

IO HzAMH1/%  1.634 1126 1264 1.168 1415 1.110
#a X L H/GQ
T RO/ A

5.296
0.317

5.484
0.264

5.418
0.287

6.857
2.180

6.337 7.264
2,192 2.147

Ry B UEAR AT 5 SR M A R, X A
4t T PDC ML, i Eoh 1 kv, b &
EALIHE AR 180 s T AT M fl . F4l
fEE R, A PIBIESE 0.1 Hz A1 a0 3 6 i,
Al 155 2 5 H 48 0.1 Hz @R A it K F
1%, XS5 R S E 7 By 4 R —2, 3
LA B H I B kAl . LA S it —
L RUE T AR 5 BN 1A A FE A8 A IR S AR 2k M
I 5 T A A

*x6 EFMMESBEEMRZELENMRMKER
Table 6 Insulation test results of out-service cables
based on PDC

15 2%
At BM  CH AW BM  CH
0.1 HzAv#i/% 147 106 1.04 .12 113 1.05

WHXNE

AN, Pk 2] A58, XLPE FER A& ER XLPE
HLASFEATE 10 Hz 2 100 Hz 38l P9 A9 35 00K 45
RAmZEW /N, BIMRAE 5 B0 15 FT A5 (%) 10 Hz £
W5 PR A0 50 Hz R A48T, Al 35 50 I e
XLPE HL 4314 T A5 A 450 04 5 . B B ] % &
L 50 Hz T A9 54 AH A5 XA 5 T8 2k T
5 10 Hz /- #45 R AT 29, B IE# 48 10 Hz
TAREER /N T 0.4%02 ) [&lF R R, T

AR F7,2025,42(2)
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10 Hz T 28 N80 .
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2) FIFH PSCAD {45 d fic B A A, XK
WUE S SHOAT THisE, ZBURI S 5 B R IR (e
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