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Space charge measurement of thick-insulation XLPE cable

under actual operation temperature condition
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This paper reports the space charge measurement results under actual operation temperature condition for a 23-
mm-thick AC XLPE cable. A pulsed electro-acoustic (PEA) method which is newly proposed to measure the space
charge characteristics of thick insulation samples accurately was applied. The AC XLPE cable was employed to
observe the space charge accumulation clearly. The changes in space charge and electric field distributions
corresponding to the changes in temperature and voltage were observed. As a result, we found that the space charge
distribution under the heat cycle condition shows complex behavior as the temperature distribution changing. We
concluded that it is important to measure space charge characteristics under heat cycle conditions in addition to the
conventional space charge measurement under constant temperature conditions to understand the space charge

characteristics of the full-size XLPE cable.
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Fig. 1 Structure of XLLPE cable.

<&—— DC voltage
Jacket

Semi-conductive
outer screen

Pulse voltage
gem;rator

PEA measureme
device

| —Piezoelectric element
Backing

2 =7 NOZEMBMRIE D T2 0OV A B
VAR RER A
Fig. 2 Experimental setup of the PEA method for

the measurement of space charge on cables.



BEIM BT $328515

J. Soc. Elect. Mat. Eng. Vol.32, No.1 2023

3. WILRABBIEHEZRAWr—JILOFT=%E
ZE i B AR RE Al
AT T, ITERFE L8 2 bl & AV 32
L 72 Z2 M AT E ORE R 2 "3 28, RETIE,
72 72 PTE AN OBEEZ DWW CREIR T 5,

3. 1. ZTHBEHREBRIGFET HKRETOSHEEK

WAERLFi&

POV ARG NE TR O D E S IE, ik
R OB L Y BE LEENE A2 BRESICE
LI THDLN, ENEOKS 7 L E2ET T
ODEATEW LS TND, O, ELVWE
W E N 2 G D T-0IE, 5B L5 ER
DRRENVETH D, BAERET HE TR
X, MERAETIC R BN ERAFAE LR NIEED
W (REE) 2HWD, R, Z2HE
TR IRBE OB & YEf L. 3B~ 22
MEMEREPIMD Th 72 75 50 CHIREL %
FIN LS Lz 2 SRR & L CERT 5,
U L k& 7 et CZe RIFBRTIE % FEME 3 2 B,
AR O FUE TR E R MAFEE DI — 7V alk
ZZeMEME—OEN S DI AN 2 5 N E
CABEND D, 7r—T % T EBRZRDORES
X N EET 520, EMEMESEN O 5 REE
THSRIEE 2 BST 2 FIENRD DT,
IFRRE LI EMEM SN D F— 7 L alk
BB IRIETY & ST 5 FIEOMIIE K % X 3 (2R
T AFEZ, EHEBELRERLIRE IOEIE
JERIMZ L0 2 MRS L, TNDEEST DD
& T, ERIEMEMORE L RE LT & 1Fk
THLOTHD 9, FHANZHOWTIESE Sk 6)%

Signals at electrodes

Space charge  Removed

Voltage Subtraction Reference

waveform
/ Step-up
Step-down Time

B3 0T kDB RIEEOERTFE
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Fig. 4 Cables and space charge measurement device.

4. 2. BE—EFHTOAE

WIR—ELRMETIE, K SCoREE T, &Aool
A 9 E BT 460kV % 10 BEFEIIN L 7=,
3. 1HENZRTTEO% V. DC140kV HINE O
BUAGETE & 2 Otk EREZHEH L 72 ICHUS LT
WIEZ 75 L, 2R AER LTz, X5 IR

TESRMECIT D EMEE S, B0 O AN
FER AR, EREE 460kV FIINES 1L, ik
HIZEM OBEMIZIEELS (K 5@)0@) ., ERY
IR BESHBRIELL Tz (" 50b)00D),
B 460 kV EIINAN S 10 BRefilfzia 42 &, #
BIEPICEBEMAERL (K 500)., BRI
AN CE ARG, NS TEREM N AL L D
& (K50b)n®) B ST,

4. 3. BR—EEHTOAE

R ERME T, BERELEZFINT 512 E
ARIZHI 1500A OFEFEZ I L BRIEE 2 90~92°C
(272 % & 5 Bt ON/OFF #l# L, EAREE & 4
BREREOEDELEFE N1,
460KV % 10 FERIEIAN U7z GER) D AMVER H F T

[ERVACHES

0.8
T 06 i
E 04 { 2 1h
202 | 3)10h

-0.2 |
-0.4

06 |outer side
-0.8

o

Insulation (XLPE) Inner side

Charge density

«— € > —>
45 40 35 30 25 20 15 10
Distance from conductor center [mm]

(a) Charge density distributions.

Laplacian field distribution

Electric field [kV/mm]
[
o

Outer side Insulation (XLPE) Inher side

«— € > —>
45 40 35 30 25 20 15 10
Distance from conductor center [mm]

(b) Electric field distributions.

X5 iR ESRM CENCEE 460kV I L 72RO &
T B oy AT 35 K OV S 0 Ah

Fig. 5 Charge density and electric field distributions with DC 460

kV application under ambient temperature condition.

=

— 0.8
EM
g 0.4
'S 0.2
.G 0
c
2-0.2
804
£-06 i .
S g Outer side Insulation (XLPE) Inner side
- <« > —>
45 40 35 30 25 20 15 10
Distance from conductor center [mm]
(a) Charge density distributions.
40
'g‘ 35
S 30
= 25
o
S 20
=
o 15
‘g’ 10 | Laplacian field distribution
w g Outer side Insulation (XLPE) Inher side
«— < > —>
45 40 35 30 25 20 15 10
Distance from conductor center [mm]
(b) Electric field distributions.
M 6 mEiR—ESMCHEIREE 460kV N L 72RO

EATE B A s K OV R A1
Fig. 6 Charge density and electric field distributions with DC 460
kV application under high temperature condition.



BEIM BT $328515

J. Soc. Elect. Mat. Eng. Vol.32, No.1 2023

DOIREAEITHK 30°CThIfN), SIRIEFILHEIE—
EFMCIER LIz A R L, 3. 3HITRT
FE NS TEIR—ESMETHRIS L7 DG 54
BA2FEN Lz, X6 IZEE—ERMEICIIT DM
BEEEOAN, BARS A ORI R AR T, EIREE
460kV FINNE LG | g AR AN Z IR A AT
PR BBMAER L (X 6@)0D), s
JET OB EA TS M FRIO BRI & 72
L87 (K 60y D) MBSz, F-, BT
I 460kV FHUME#Z D 1 K% (X 6 0@) .
10 Kl (K6 D®) b EMEEESMd L OVER
SIS EALDNE L A A TRV TN B S
7o —EHNCHERRARDIREE S mWVIE L, 22 AT
DOERPRENZ EDRMLNTNDEN, RiHER
XLPE #afx7r —7 V& AW ARERICB W T,
Z O R SRR I HERS S Tz,

4. 4. E—FHAIILEHETORIE

t— hA T NRED S —T NV OIREELZK T
T, K 7IRTHEY, SR —ESM L R
8 WFfHIE R Z I L 721, 16 B B R AL 7=,
EE AL, SR CHANc e — b
YA 7% | EfE L%, MBS L & HICH
LB 460kV ZEIN L., 24 FERIC 72 0 22 B
WE 2 Fehts LTz, SRR IT IR —E Stk CER
L= aER L, 3. 3EITRTTE T TH
S LIEREOEBLE A2 EE L7z, X 8IZk—h
YA T NERIEZIR T HEMBEE ST, BRSO
FEAMAS R AR, ERELEENES  CEARIRER
20°C) 1. HEfAThekIch iz v D BOIEEM
#HHL (M8 ®), HESHER & Mg L THh
BICENRM, NERMTERAEMNA LT
(® 8(b)»D), ZhiE., b— ¥ A 7 ALEMETD
BERTIC NG L7z @i — ERECoflE TER L
TEMBES TWDIRETHhH-Telzd LB XD,
EVEEEFINBA A & 1 KR4 CERR SR 60°C)
X, SMEMICIEBEMEREA KL (K8)D®@),
SRHERIOBER PR E HEPFH SN TWD (X 8(b)D
@), 8 W% CEAIRED 90°CIZEI=E L T b
4 Reff&a) 1, PRI EEBRI N ERE L (X 8(a)
D@) . 1 FEERF R OB AR & g L, S8 oD

BRTRFA MK T Uy PSR CRE SR A3 HE 2
M FRIOFE RS ETeo7- (K 8(b)D®), Zh
X, mRESREICBIT D BRSAAOLEE LB
BRT-Cd D, MEN - B EEVINBH AR B 24 FEH]
%, OFE D MBAEEILEL 16 BB EKRBEI L%
&, ANEA O IEEB R EFE O A% ik USRI C &
BRI L (X 8(a)D@) . FEF /AT 1L i i
FUNBHAG & 1 e & Bl 2" L (IX 8(b)
DOD) | Fi—EFRM TR LN AR T & B %
w LT,

100 2 3 @
o 24h
O 80
o
5 60
2
o
@ 40
o
£ 20 temperature )

2 at outer screen Applying DC voltage
0 Granding (460 kV) ..
24 18 12 -6 0 6 12 18 24

Time [h]

B 7 b bV A 7R OEARRE & SNER R
Fig. 7 Conductor temperature and surface temperature

at outer screen under heat cycle condition.

08

Ew - _

§ 0.4 1

; 0.2 1 |

5 0 | 1

c

3-0.2 \ . |

% 04 3 8h !

S 06 |2 1h-} 4)24h . |

S 08 i Insulation (XLPE) Inner side

45 40 35 30 25 20 15 10
Distance from conductor center [mm]
(a) Charge density distributions.
40

Laplacian field distribution
Insulation (XLPE)

Electric field [kV/mm]
N
o

Outer side
0

h & > ;
45 40 35 30 25 20 15 1
Distance from conductor center [mm]

0

(b) Electric field distributions.

8 b— k¥ 7 LR CEREE 460kV HINL
T2 B D R AT E 3 AT 5 K OVEE SR o0 A

Fig. 8 Charge density and electric field distributions with
DC 460 kV application under heat cycle condition.



WX REGRKR S LRESRMICH T HER XLPE &7 — T IO ZHERRIE

5. f&i

IV AEREBIS EE R W — T L OB 1= 7
2SR EATRE 2 VW5 2 & T, MilgikE &
23mm DAZEH XLPE 77— 7 /L 02 M & i %
BIR—ERMFOHR O, IREARBFET D
IR— B, OB IERIZIREE A A 6T 5
E— A7 ARETTREST D2 LITEIIL
7o ZOFER, ZEHEMFENIL, BRI
AT H I L BRI NI, FRCEIER 2R A
kx5 27— bV A 7 VST 22 E
ZENEMEICE LT A Z BRI, T—T
N OZERERFEBOMIRIL, KERIRERET T
ORENEELEZ HND,

S5 Xk

kel —, EfERm. R &,
FAHZEE, Z. Shafira, FEREA : (5~ 220 E
FUETICBT DEMBEER T — 7 VD2
EATHE | 5 - MR gt AR -
— 7 AR gEE T (2021) 25-30.

8) ARHFAE.

(202349 H 6 A =)

EHIGE

1) FEXERTLESRASH : TEEERS —7 v
HEOHEHE~FKM + NEMO LINK 33 X LT
1B - B4 BIE TSR T XLPE 77— 7 b
ke L~ (EXERILERASHT LA
U J—2 (2019).

2) T Igi, S. Mashio, M. Sakamaki, T. Kazama, K.
Sasaki and S. Nishikawa: Jicable-HVDC'l7
(2017).

3) S. Mashio, Y. Murata, T. Matsubara and S.
Katakai: Jicable-HVDC'21 (2021).

4) ERFREIBEMRES SV AFEIGT)
BT & 2 ZE MR AT E DRIEE . R
T ERHEHEEST 7=V UAR— N

JEC-TR-61004-2012 (2012).

5) FERHIEH. MAER, ARK: TRRCV Y
— 7 Vit (AR o oD 22 [ AR AT IR E VA D BR % J |
B A FE AT i B SEEE W91050
(1992).

6) ARMFFE, Z. Shafira, AffEH]—
FERTEAR « B XLPE 7 — 7 LV DZE[E
iR HRANC 3817 2 #li iE H 2 BRI T O E 77 1
LHIEBRCET DME . o 3 F£ET) -
TR X —ERM R S (2021).

7) S. Zahra, T. Kawashima, Y. Murakami and N.
Hozumi: [EEE 3rd Int. Conf. on Dielectrics
(2020) 359-362.

. AR,

wE &3

1994 4£ 8 A4, 2019 4 3 A BHGHATR
FREER R LR FeRHE L miraR R
BT, A4 4 AICHEERLERRICA
tho BIE, & LTRSS — 7 /L DB%

EB T, BERFRRE,

#HE HRE

1968 4E 4 A4, 1992 4E 3 H HUEAE
R LB B 2, A 4 AU
AR, & LTENS
— T NVHERRAEHC B9 2 R 2 B 10
#$, 2014 FE 4 HEKERTE ) 1
Atb, BIE, & L CTHERY — 7 VOB R itE, &

S= A NN B

NTF == Ho
#H %
1994 45 7 A/, 2019 45 3 A BiEHA
|
.. B} R R 2B T2 Je R L R
| il

AIRIE T, [F 4 HiC (—#) &%

—-_—
\ ! RFIEETIC AR, £& LT, HitEE
1%1 . =7 R BT 2 I

DOIFFEEICHE S, BXTE. CIGRE =E,



BRIV BRI $3258F15

J. Soc. Elect. Mat. Eng.  Vol.32, No.1
me Al—

1980 4= 4 H 4, 2009 4% 3 H BARHEK
TP RS L RRRE T, 1
(L), 2005 4F A AR L2 R

BIRFSE EL 2008 4F U R B T
‘ £ . BEBh T 2009 4R G {5 HFSEEE AR
e 8. 2010 454 B () By RAFSEHT AT, BIEID
AR RFHRI IR BG% (2011~20184F), & LT, 77
ALY 7 TS IEEHING X B MR AR e OV — T L
HALRBWIIEE 1T, R SCERE (2007, 2016
iE) | BAASHOUE (2013, 2019 4F) . BRI RETS TR E)

B (2019 42),

2023

WA, [EEE 28,

=g &n

1973 4% 4 A, 2001 4 3 HAEK
FRAEBE LR R L £ IR R (e
Tt (%), 2000 45 )% IREQ
FAMERFTER, 2001 4F () #87p b
\ AP, BECEDL, 41XV 7T
University of Bologna & B#ff 7 B3f#5 (2015 4£~2016 4F),

& LT, Mgy A BIMEIRIAF SR, BEFEFRICKST 55
BRBROBIE, BHBEROBWHAN D57 &12iEd, BR

“¥:4x. IEEE, CIGRE, FEXH¥a. WEFESSA,

BE EW

1957 4F 4 A4, 1983 4F 3 A FAGH K
TR B L S A AR
BT, [F4E 4 7 GW)EE) A RmrFEnT A
. 1999 4F 4 H EREEAR AR B)
! H#%,2006 4F 4 F B0 TR HER,
2011 4F 4 H EHGHANEI PR P20, 2023 4R £ 0 R4 S 20,
FERGFHABR ZE TR, T, 2L L CESERM R 0L
BB G OfMY], TS OEZ IR L O IEREm k-
AR 38T D A5 BRI & ABRIC B3 D TSRS T3, 1988
L1998 4R, 2019 FEA A= L H, 2018 FEATRFHE
MM BN R B S FME, BRFR7 =1 — HARFEY S

IEEE. CIGRE £8,



