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Fig.2 The relative dielectric constant and
conductivity of the semi-conductive layer
material change with frequency
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Fig.3 Frequency variable parameter model of MV cable
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Fig.5 The process of partial discharge pulse
waveform changing with propagation distance
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Fig.7 Pulse amplitude and discharge variation form

Hi & 7 I, X T SS9 B A (55, T IR
(BN R, T 4 I 2 9 B 3 9% v i e, LR
FL MR ELF) T R B2 R LU o & B . Aok
BB P f B 0 8 o S 4 RO S, B Gk — e R
G, W RV e, 31X T DY O €8 IS A ik b
RS IRRE AL, FHh i 41 70 B S AR X B PR, B
EREFION I N QUBESUIES & Ay (SN R E N S S 8T ]
FEAR



5 P S KBRS P R R Kb S i A R SO S TS

Bt Dk 0P A5 A AL 1, 50 E ok o %) B B2 34 ¥ 3
T, T30 B 3 T 3 34 pl XU BB i I AR Ry X FR
() 30T IOk o e B o T A% G 3k R v v R 3 e DR AH
LA 431t 3 9 B0 ™, S SOFE ok o A R o 7
e kepk & A AR AL, 5 BERIE, 45 5 oA [ A
o AR R P A —, 2 R BUK v B
A FEEE A o TR AT FE N AR IR RO B o
Bz N, e T Z A AR E,
ARAE R B ) AR 43 A R P N L S e ) R T
A5 ik B RCR
22 KEBHGXMNESHEEHIIT
2.2.1 KB AER9RE-& 7 96 DU

IEC 60270 K 1 Jay #B i H 78 Tk HA, T 1) R 1A
Jiids, B 2.0 [ B Hr AL, BEE S S AL R
SR FH TR AR G 10 T3 ¥ R A5 Y T30 H WS 0 A0 7
FE T () RS ME R BSOS FE DR AN AR 3K IR S X T
B HL AR SRR R, 8 1% 15 25 0 I e s 5
S R S AN [ T AN [

IEC 60270 X} {5 54l 45 47 58 A 3k W B 1) B0
FE (1) g, WaC(5) F(6);(2) 5
1, Wx(7)—=0(9) .

9 kHz < Af < 30 kHz (5)
50 kHz <f,, < 1 MHz (6)
A RS T 5 £, 0 DR
30 kHz < f; < 100 kHz (7)
/> < 500 kHz (8)
100 kHz < Af < 400 kHz (9)

X fi 9 T BRI s £, O EFREOESTR, TEC
BRUEAS 5 M 45 I o5 A 5 90 L Jay 38 e ri A3 7
A ORI BEAR /NI, A 8 s A5 M A s (]
Wi A LT FL Bk v AR B RAR 22

FHEETF b 3 AR SE U R 5 15 B 15 5 3
I8, R 1 TEC 60270 47 FE A £ 75 21 19 15 5 il 1%
R EE B A I A, A 9 B

TEAG SR A rf >R I S0 R 5 15 B A 15
5 (L PR 5 9 56 8 i R T 2R Y LEC g 7 00
GO T RBURXE S B RAA R
TN, DI TEC {55 #8541 EL S840 R 45 %)
S PR RS AR TR 22 52 T AR NS /)N, RE G 45l 2 1 Ml A
BT A5 P 4 T B P S B P P R

SRy BT LA 5 A 119 52 Bl 9 el AR P A
1ot FEL A0 BEL AT R, g A0 3 o] A0 o 1
IR AT o IR UE AR BT PR 1E AR A S B
i S/ N R B0/ (e A SO 31 97 W S 3
IS A 3R T R S R s L, U e )

06r
0.5
04r
03r

& e/ V

02r
0.1F

2 4 6 8 10 12 14 16 18 20
f/MHz
(a) TECHRAERE T 58

0.I2 0j4 0j6 018 liO
J/MHz
(b) JREBBCR

— IEChHERE & 98 — JRIR1E 5 90

E 8 IECHEBETRESESTE
Fig.8 IEC standard coupling bandwidth
and signal bandwidth

—_
(=]
T

— IECH e &

= 0.8
(=%
@
E 0.6}
3
T 04t
m

0.2 -K

O 1 1 1 1 ]
0 1000 2000 3000 4000

FEREEEE /m

B9 £HEMAUR ECHERESBBER
Fig.9 Full bandwidth coupling and IEC
standard coupling attenuation

BELETS R P A I L A -
L = U210 f € gupiing (10)

A U, AR I L R UEEAEL 5 /0 L TR D80
I C g ML

H R 34T AT R H G PR B £ AR e X
FEAR TR FELAN [R] £ Bk ifr o SO 2 2R P 11, 3K i
PR R G AR BRRFAE , 1702 3R GE R A R B |
AR I 3 P, 2 Jk o 7 ) — B0 AR R S A
W9 S S A S ML BC A SC5E . I, 7R i
RHES , SR FH A ] 5B Bk e AS ] i vl 4 BT 15 210
A HE PRRON T B AN FE A I 27 0

N T REAS DRUIEAS Y A v 1 A P, TEC AR
LS5 A 17 58 IV 12 5 R T Jo nfr 149 930 335 AH — B
PR, A HERK i (4 _ETHT /N T 60 s, AR 58
I HA AT REAR A FRAE IR, PRIEAL fE P Y
HERPE . 18 10 Sy 2 A HE S, B 5l 9 20 3 O 30 ~



R LHER 6

200 kHz,30~400 kHz,50 ~80 kHz L) % 445 5
o, JCH bk o (B O TR B AR A TR O

1.0r

08

5

[=9

o 06

Z 04l — &

= — 50~80 kHz

i~

=02 ——30~200 kHz

—— 30~400 kHz
0 1 1
2 4 6 8
WLAE B4 & /nC

B 10 AREHE THIMEERAEHLK
Fig.10 Discharge calibration curve
at different bandwidths

1P 10 n] 1, #5204 50 ~ 80 kHz IR iy i
LS LMERE 2T AT A (HS AR A A SR
P ZAT L, HEE A 28 BN 3230 S PR O o
AR R R A A BBk T T S A 5 S RS L, 2
AT S8 A0 3 15 5 I Hh BT HH Y DX, A o
DRRSCRXH HER , TS 7 17 58 AL 12 15 5 G R ECR
0 DI, S o PR B iR 22 M K AN RIS R A5
B PR DX AR X1 222 , A 15 5 R s O ml i
PRIFHEARAIRE A 9 R AR, IR A o ik
LS A 1 1197 8 7l o o A 7 8
PASCHR TR FH Y 20 ns AZHERK b A B, 76 3 km 1)
ek A, BT G FELl 0~ 300 kHz >R A
IEC 727315 i 5 5 M 1 BE 08 B 4 M PR GIE I A v 41
BT P e A HE 2 P 45

SRS RS SRR R R e RIUE S
Wep PR 5 117 00 A 418 o 0 v o A 88 e — X P i . A
DAL 8520 25 A A s ) P 4 ) T e s P il o
— R TEC 7 s 0 7 A8 1 A 12 e RS M T 5
A FAE L I , $1 e A A 7 S A7 B T 9 v e
JHCHEL S I ) SR A
2.2.2 kb oA E AL

HY 2.1 1 R] R, A SR P R bk i 7 R Y A R
AR A A R R o A R U I A
FRIAR T, A S i A i 14 0 2 A0 v 1) - 41
DXIRAL F B AR A B, ELAT 8078 . PLIE, 58 A3ty 0l
BINEIFAE G T T I A B A B 4% s ) ik
LSS E N W S <0 VR S| M 1 QUi D e R
TORGE SR TEC SEAHHE 515 2 1915 5 A 2
B AT LR R RIS T SR P 28 R 5 45 21 1 B A1
WK BB AR HA O SR AR SE BE T, (ELRK b B R
HEAS AT A A

IEC SEH J5 2 09 73 BE R IR vhisf 18] 5 ~ 20 s
CHIDEIH FERAE ) | HEELE K ] B KT 20 pus I,

AR P & A T IEC %24 J5 ik, HE ko
OIHERRERT 80 s, Hy s AT Jk b = B (R ik
IR < S Bk A ) A0 R A7 2 DR M LA JBE

XoF TR O B GE T 5, DK i 1] B IR ] a2 25
S5 T R Tk b i A ] 5 %0 T 1 i S S0k
(14 Jey B T P RE N T 5, R S HL BT T ) 2 42 ik
R CRTAT RS AT ) 218 I 8] 1) 22 53 A 50K F Bk vh
PERIZES . LI— R4 800 m Ab kA SRy il e
191, 7 HL A — i Xk L B SRy RO A S 2R AT B, R
I IEC SEHF 7k , Rl 25 05 8] 1 B0 10 s, K0
RN B A K SR O 2253 1 600 m {12 75 2
IRAGINEEE, Ar =10 s, Q& 11 Fros, kb e it
SRR, [, — YRR AT BE 27 A 2 A Bk
5T, UNRAGL I 48 4 58 AL /N I3, AT RE R BB i
T U0, 5 SSOREIN 3 P50 HRL e /N T S PR

047 — AR (S
— A

JikphiEAE /p.u.

0 100 200 300 400 500 600 700
t/ns

B11 phERAK

Fig.11 Pulse overlap phenomenon

75 T B JRy T 0 HL Ik i 7 A D S L 2 0k ] 5k
PG, KT 1~4 km KPERHELE, R L 4E TEC )
7 TR R LA S B VR A %) SR P O B E .
ISF , T At S S AR 35 1) B R 57 7 MK S A0 {5 5
M E TR, R AT 1 kHz ~ 30 MHz 4 58 /9 &
PR o

3 HEXNESLBRLAIRT

ST FEL ) MR L PR ST S B I ) L
SR 300 T HL K e ) 35 MR e R 7 A Ay
o HLAE R HS A FL 0 R R T R el R ) B
7 (L ) KPR (1) JEATARSE,
HLAE 1) R T R kb A AT e U 12) TR E

v =4k, TZ (11)
v, = 0z (12)
Bv/2m

Ko, by IR %S H5, B 1.38x1023 J/K; Tl
XPREE ; Z i SRS AT ; V, Ry Rk o i 1
Q Ml 38 S 60% B ik B8 , HAH M55 7E L 48
rh ) R R B A T B B A pR A, X T A 30 QA%



7 P S KBRS P R R Kb S i A R SO S TS

SRR BAS  7E 15 MH2(3 dB R ZH) #9E T
FOAMEF K- RRAE Sy 2.7 wV (MR Tl 3 0.24
W) o A IR R 5 R P R AR L LA o £
SR Quye T E 28 (11) 2L (12) 3
CRCETI
vz
28./2mk,TZ

Fh U T 61 £ 5 F A S RO Ik o 6 2 8
B )5 LB 5 50 ik ) SE B R b BB (S
B SRR L (R ARG

LESE BRI B ko, Wk R 1
£ T SR T B R L RS A f
SAFGE/INT SRR S IE T K B b 45 T Al
PR E {5 5 95K TS B A5 545 JE i 0L, s,
SRR A 5 8 LU/ T BRI A 0 e

4 BESHRBERSIERXE ST

SCHVR B 43 AT R A S AR AN T K B L 4
HL RIS RRAE S 80 0 A1k, BIE 5 OB L Sk 1 [e]
G SIRMEM AL, R 12 FRIRE R4, 4
IXE 3 FRAIE R YIV62-8.7/15 kV AS[E K B (£ fiF
435025 106 m, 160 m,235 m) (¥ HL45 , i DCRACRH BT 0]
LR 2 e ALK 5 5, BT R 2924 20 ns, 9] 46
FUIRIEZh 5 Vo AR TEC 60270 Jik i L it i A
Y, PR E] R 20 ns (47550 L ik vh P TR B 2 BE S 4
ShH b e T L S R AR R B N BB SR S

[FIRhEELE

Qsvg = (13)

.y 2R - - 3
1 MOQUR i it [ ey

i

B 12 REEETE
Fig.12 Test wiring schematic diagram

HI LB 45 R R, Bl F 4K B2 A 30, Bk o
F S WIEAETE B I Y TE ORI i A2 (A0 8T 13 7R ) o
T I PR, 2 B3R A 478 B 0 K i I A2 ) 52 )
3, X0 ok B i B 1) EAT HLRE S AEAE S R E
F,106 m, 160 m,235 m H 45 70 gy ik o I 6 i {1
I RE DA I o ) WRAEL Y 72% 247 (G 1.43
dB) ,61% ( FJk 2.15 dB) ,46% ( %8, 3.37 dB) ; 1F
PEHTREE] |, 106 m, 160 m,235 m H, 450 5 ik b ik
33 R SR A5 (I ) BRI 1.55 4% (31 ns) , 1.8 %
(36 ns),2.1 £5(42 ns) o X513 ML S HE 1) 5
BB P LA A — 20

5.
— 106 m
4T — 160 m
=
~
m
E 2f
=
Tt
g
0 e g et iy
1

7*30 0 30 60 90 120 150 180 210 240 270
t/ns
13 Bk FERERSKENTH

Fig.13 Variation of pulse waveform with cable length
5 %k

SCHTEZE I8 T HL 4 A IR A58 A R 5, ORI 1Y)
PIRTHE S, 0 HL g b JRy K ol A 3 2ok B R AT T
GihTe Rt RAR T Bk AR R L, A BT
TEPEG IS AR B AR k5 5o
TEALAE A vp, ok i (%) T AR 0 e {25 2R 7
o AR R R R A3 X R O
JRAANE , L 85 3 A 2 BB A v 1) H L 2 A 2 186 i
SECEWUE BN K, A R BPIU WAL R X T
ALY B, LA Y A R A R B A AR A 5 g B
K, FEUK R 8 BN, DK 8 A2 58 . PRk, e 5K
B £ v 88 i A Lkl 5 R (AR S 5 L A
B PRAE T Jok gl T A 7 i ) i
Xof IOk B T AT R WL LT v s A B, ik o
TR T AR AR A o e TS i R X g, X
2 S PR 0 B VK P S AR B4, T He v
18 e A0t D AR X TR, BE A 5 AL 75, ik e
SCSUIE S EOATRIEN YR ST 87 8 i) A
et P 98 B e MR A BELBTIN & R 0[5 5 AR A
A T R AURE (A5 3 190 F A A o il 2 AR 22
BRI HLE A& A6 I A B 3 K, A 5E N R S S
Mk LU REAER , e e At B ) B ARG 78 A M5 AR B 1%
ARAFE A VR A L AT A HE D 28, 2025 Bk o B
RAEB N, 5200 R SUE AL, PR, 7RSS B
o SRR SR e K B R B
AXAFE) B ML 5 E 8 A RS AR R
(J2018028) F 84 , % s 5L it |
Sk
CU] BUG, BHE, SCoT Il 45 R A% 5 7 A8 IR 0 v T
JyHLGTR I RS R LA [ T]. 5 MR R R, 2011,37(6) ;
1377-1383.
WEI Gang, TANG Ju, WEN Xishan, et al. Decay and detection
of partial discharge signal in XLPE high voltage power cable
[J]. High Voltage Technology,2011,37(6) :1377-1383.

(2] BRIAZE ARP AR, % THUEIE T 110 kV XLPE 145 iy fif



) LHER 8

[3]

[4]

[5

[}

—
[=)}
[

—
3
[

[8

[

(9]

[10

[11

B K RJR R LT ]
2436-2443.

CHEN Xiangrong, XU Yang,XU Jie, et al. Electrical tree growth
and partial discharge characteristics of 110 kV XLPE cable

=R R, 2010, 36 (10)

under power frequency voltage[ J]. High Voltage Technology,
2010,36(10) :2436-2443.

DISSADO L A. Understanding electrical trees in solids : from ex-
periment to theory[ J]. IEEE Transactions on Dielectrics & E-
lectrical Insulation,2002,9(4) :483-497.

JEl  REAER, . SCIRER R v A TRy AT A e K o g R U A
T WgELT]. i HEHL R ,2013,49(5) :26-30.

ZHOU Tao,ZENG Xiangjun. Study on high sensitivity detection
method of partial discharge pulse in XLPE cable[ J]. High Vol-
tage Apparatus,2013,49(5) :26-30.

ARIGENE , RLAE 2%, RIS, 45 i R SCIR 3R 2 4 ML B0 7E 4 e
K AEIEARBIDIF IR T]. 45 b8, 2009,42(5) :58-63.
ZHU Xiaohui,DU Boxue,ZHOU Fengzheng, et al. Research sta-
tus of high voltage XLPE cable online monitoring and detection
technology [ J]. Insulation Materials,2009,42(5) :58-63.

SKIEI M, Eh BT, R i AT IR IR £ 0R vB B R A0 K
M AR IR 7 1 [T ] e R R, 2011, 37 (8)
1997-2003.

ZHANG Zhousheng, MA Aiqing,SHENG Gehao. Time frequen-
cy characteristic identification method of partial discharge pulse
in high voltage XLPE cable [ J]. High Voltage Technology,
2011,37(8) :1997-2003.

XU, R0k, I 4EUR 4. XUPE sy, Jfy o1 45 80780 5k j = 398 i
ML 5 200 [T ] 5 L 8% ,2015(2) :44-50.

LIU Rong, LI Jisheng, TIAN Weijian, et al. Partial discharge
measurement and analysis of typical defects in XLPE power
cable[ J]. High Voltage Apparatus,2015(2) :44-50.
MONTANARI G C . Partial discharge detection in medium vol-
tage and high voltage cables: maximum distance for detection,
length of cable,and some answers[ J]. IEEE Electrical Insula-
tion Magazine ,2016,32(5) :41-46.

TR T S, A5 SCHRER 0 v 45 SRy A ke H e A
FARMBIFELI]. HBEAR,2001,25(12) :42-45.

LUO Junhua,FENG Jiang, YUAN Jian,et al. Study on high fre-
quency detection technology of partial discharge in XLPE cables
[J]. Power System Technology,2001,25(12) ;42-45.

13k 5RO, B A, 4. B IBIIE S RN SRR LM LA

TR R LA R AR B I S AT (D). B R R, 2014,
40(11) :3461-3467.

ZHANG Wei,ZHANG Long, HUANG Zhiwei, et al. Time do-
main analysis of partial discharge propagation characteristics in
XLPE cables with frequency dependent parameters[ J]. High
Voltage Technology,2014,40(11) :3461-3467.

1 BU, B R BRELE , 4F. XLPE fa 85 =il i ik ol %

R IR TS [ T]. iR AR ,2002(4) < 16-18.
DUAN Naixin,ZHAO Zhongyuan,QIU Yuchang, et al. Experi-
mental study on propagation characteristics of partial discharge

pulse in XLPE cable[ J]. High Voltage Apparatus,2002(4) .

16-18.

[12] MUGALA G,ERIKSSON R ,PETTERSSON P . Dependence of

[13

XLPE insulated power cable wave propagation characteristics
on design parameters[ J]. IEEE Transactions on Dielectrics &
Electrical Insulation,2007,14(2) :393-399.

1 PNIG, 2R R, 4. BT gL B 5 BT

W) v ) R R AR AR TE L A [T ] R SOR,
2015,41(4) :1204-1213.
SUN Peng, Ll Shuling, LIANG Zhiwei, et al. Partial discharge
online location method based on cable transfer function and
signal rise time[ J]. High Voltage Technology,2015,41(4) .
1204-1213.

[14] h0GHT, 5Kim, B 55 , 45, XLPE W Jy da 85 v Jo el Azl 22

TENLFARRI O BURT]. 5 R4, 2009,45(3) :56-60.
GUO Canxin,ZHANG Li,QIAN Yong,et al. Research status of
partial discharge detection and location technology in XLPE
power cables [ J]. High Voltage Apparatus, 2009, 45 (3):
56-60.

[15] AL, A, EAREL, 5. EURHUE T 10 kV 3B R 2030

BBk I R TR OB AR YRR S [ ). #T T Iy, 2019, 38
(9) :74-80.
DU Hao, GUAN Honglu, YU Linwei, et al. Investigation of par-
tial discharge characteristics of void defects in 10 kV XLPE ca-
ble under DC voltage [ ] ]. Zhejiang Electric Power, 2019, 38
(9) :74-80.

[16] 45— RV, E0H S5, 5 SIS £ 0 it G fif 1 g

TSR SR W8 R R o A [T ). #7 VIR J7,2019,38 (1)
58-63.

LI Naiyi, CAO Junping, WANG Shaohua, et al. Analysis on
partial discharge characteristics of typical high-voltage XLPE
cable accessory defects[ J]. Zhejiang Electric Power,2019,38

(1) :58-63.

[17] OUSSALAH N,ZEBBOUDJ Y,BOGGS S A. Partial discharge

pulse propagation in shielded power cable and implications for
detection sensitivity[ J]. IEEE Electrical Insulation Magazine,

2007,23(6) :5-10.

(18] AL, ARG, XU, 4. 6T VMD (s oy 25 30 i

[19] XURETF, XHRHE, VB
(.

[20

AR [ R (BRI T 1 [T ).
2019,47(23) . 145-151.
MA Xinghe, ZHU Haozhe, LIU Zhihuai, et al. An adaptive

HLJT R GTOR P P,

threshold value noise suppression method for detecting partial
discharge of power cables based on variational mode decompo-
sition[ J ]. Power System Protection and Control, 2019, 47
(23) :145-151.

BT EMD-ICA 4 =5 W 48R

i CN RSN M R GRS FE ], 2018, 46
(24) .83-87.

LIU Zhenyu, LIU Zhenying, FAN Heming. Study on signal de-
noising of high voltage cable partial discharge based on EMD-
ICA[J]. Power System Protection and Control,2018,46(24) .
83-87.

| BRERE, A R, AR 110 KV P a5 Sk R AR (A gt



9 R AF K BOR AT RSO KR S S R R SR A TS

TSI BE J5 B O RRAE 43 BT [T ). 4% b RL, 2014,47 (5)
60-67.

LIAO Yanqun,HUI Baojun, XIA Rong,et al. Analysis of par- EBPE(1994) B i+ BF5E 5 o R R
M) B A RS S 48 % 2 W ((E-mail
gaoxz1114@ 126.com) ;

tial discharge characteristics of typical defects in 110 kV cable

intermediate joint and body [ J]. Insulation Materials,2014 |

47(5) .60-67. \ BEAR(1996) 5 B 7152, 5T 18] M
[21] MARDIANA R, SU C Q. Partial discharge location in power / R S48 245K

cables using a phase difference method[ J]. IEEE Transactions BB (1987) , 38 14 WF5E )7 10 ki s v,

on Dielectrics and Electrical Insulation, 2011, 17 ( 6): [=iyEREH TR W 5 4 2205

1738-1746.

Transmission characteristics and coupling of partial

discharge pulse signals in long cables
GAO Xuze', DUAN Ran', REN Ming', TAN Xiao®
(1. State Key Laboratory of Electrical Insulation for Power Equipment( Xi’an Jiaotong University )

Xi’an 710049, China;2. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute, Nanjing 211103, China)
Abstract: For XLPE cables, partial discharge can detect various insulation defects, However, when the partial discharge pulse
propagates in the cable,the pulse waveform changes due to attenuation. A thorough analysis of the change of pulse waveform
when cable partial discharge pulse propagates and the influence of different coupling bandwidths on signal detection is
discussed. It is concluded that when cable partial discharge occurs, the amplitude of pulse signal follows. The increase of
propagation distance decreases rapidly, but the attenuation amplitude of apparent discharge is relatively small; at the same
time , broadband coupling has higher sensitivity, but its charge calibration curve error is larger and it will lead to the decrease of
signal-to-noise ratio; although narrowband coupling can obtain more accurate charge calibration curve, it will cause pulse
waveforms to overlap, affecting fault location.

Keywords :long cable ;partial discharge ;transmission characteristics ; high frequency attenuation ; matched bandwidth
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