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Since the Great East Japan Earthquake of March Q11,2he demands of high efficiency and low losg
electrical energy is more increasing. DC powerdnaission by cable or hybrid/electric vehicle is afidhe
candidates for solving these problems. The surdadeside of the insulation part in these electreguipment

is easily charged due to being driven by DC or Higlquency. The electrical field is distorted by urface

or inside charge of the insulator and the fielddmee higher than the designed field of these etedty

equipment. Consequently, the partial discharge reasily, and it may lead to dielectric degradatiom
finally breakdown of the insulation. In this studtyjs clarified the influence of the charge belmavon the
partial discharge for actual insulating systems.
1. Influence of surface charge behavior on padistharge in insulating paper-high viscosity intint oil
system

The surface charge movement in the high viscosisylating oil is more suppressed than that in
viscosity insulating oil. In general, the insulatiperformance with small number of polarity revemse
without polarity reverse is maintained becausefiblel is relaxed by the surface charge. In addijtitre
insulation performance with polarity reverse is émwdue to the field enhancement by the surfacegehdhe
tests recommended by CIGRE or IEC does not contanpartial discharge measurement, but this rd
suggests that the partial discharge measuremeyg ptaimportant role in diagnosing the conditiortraf DC
power cable with high viscosity insulating oil.
2. Influence of space charge behavior on breakdsivemgth in insulating paper-liquid nitrogen system

When the insulating paper-liquid nitrogen systemajplied to the insulation of DC high temperat
superconducting cable, the insulation performarsceldcreased because of the charge injection irgd
insulating paper. It is clarified that the breakdostrength of the insulating paper became lower tu
negative charge injection. By using the high denisisulating paper, the decrease of the breakddremgth
by negative charge injection is small. From theultss it is suggested that the reliability of the igh
temperature superconducting cable is improved langimg the insulating paper according to the mesha
of the charge injection.
3. Influence of surface charge behavior on padiatharge inception voltage in insulating sheetegip

system
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Polyimide is mainly used in the insulating mateimamotors of hybrid/electric vehicle. It is sugtsbthat
the measurement scatters of partial discharge fiocepoltage can be reduced by controlling the aued
charge on the insulating sheet. In addition, ilaified that the partial discharge inception aght becamé¢
higher or lower in accordance to the surface chameunt.

4. Fandamental study of new method for onsiteitediagnosis of insulating degradation

—

In general, the radiation of electromagnetic wageserated from partial discharge source can déte¢
antennas. It is clarified that the partial discleaofparacteristics can also be investigated by ddation of
electromagnetic waves generated from the circuitect of the partial discharge. This new detectimethod
can contribute to the diagnosis of the existingteleal equipment since it is not necessary taailhsintennasg
at the design stage of the electrical equipmenthEtmore, from the investigation of the relatiopshetween
the nonlinearity of dissipation current waveforndahe space charge behavior, it is suggested tatadl
amount of space charge can be estimated by usnghidsse shift of the dissipation current waveform.

From above results, the degradation mechanismsoflation performance from the aspect of the chfrge

behavior can contribute to the insulation desigaatfial equipment and diagnosis methods.
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Cable Type 1 2 3 4 5
150 kV
Rated Voltage 33kV(AC) 420 kV (AC) 150kV(DC) 450kV(DC)
(AC)
Mass-
Insulation XLPE XLPE Paper/Oil Polymer
impregnated
Mechanical
Electra 171
tests
Electra 189a CIGRE technical
Electrical type
with reference to IEC60840 IEC62067 Brochure Electra 189b
test
IEC60840 TB219
B B B B B
PD PD PD LC LC
tam tar tam Sl PR
HC HC HC LI&DC LI
PD PD PD DC Sl
Test Sequence
LI LI Sl(for Um=
AC AC 300 kV)
(PD) (PD) LI
(same as in IEC 60502 AC
(PD)

TB: Tensile bending test, PD: Partial discharge, tel: Heating cycle voltage test, LI: Lightning poise test,
Sl: Switching impulse test, LC: Load cycle test,:APlarity reversal test, DC: High voltage testhwibC,

AC: High voltage test with AC
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ANFY y THIZBNTY Yy FAAVZERELIEKP 2R L TWD, U a—rFAbh
L<IEY Y v RAAMTRET D5E81E, 180 M OB ARELEL & i L=, KP 23
U a— A A NVERIET DAL, R T 180 OB LERRIRIELE A L=, YV v K
FA VB LTI, REERMRO TEW2®, FB8EZ 100 COIY5T 30 G RIZ T, K
FEZA T T BT 180 SO EZE M ARSI & i L 7=, 7235, FERITRKUER KB C1T
VY, FEBRHISHER IR T~ D 22 O K Gy DIR AT L ORE ORI DIRAZBL T 5 %D
AVERITAT > TNy,

Non oil KP, Silicone oil KP

or Solid oil KP
s , 0.3 mm
ZERF Y v 7 0.175 mm T ““"““$

@Z%ERF ¥ v 7

b)Y A=A ANEY v T H LY v RAANAE Y v

X 4.3 FEMR
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F4.1 RBHRM

RIEA
viia—rFAv YUy RA AL
(1000mm?/s) (9500mm?/s)
72 Air/ KP Air/Silicone oil KP Air/Solid oil KP
JE PRI va—r Silicone oil/

A v Silicone oil KP

YAEES

ZL) 4,//: Solid oil /Solid oil KP

4.4 )y FAAIPIZEITD KP DEF PDIV it
441 =EERAE
4.2 OESTERE R Z A=, HINEFEIZX 44 O X 9 72EFE FHE 1 kV/min DE

m7 o 7EEE LT,

V [kV]

1kV
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441 RBERBIUBER

45@)\IZ2EK X ¥ » 7O PDIV, X 450X v » 7 H o PDIV Z27R~d, 728,
4.50b)NZFIT D Air/KP @ PDIV (XZEKRX ¥ v 7 Th 572 OBEHE(K 4.5() & FIER) TH 5,
Ay CBIC & o TR A BRAL LEEMBOIZ 52 & OER & A B ATHEMEN B 5 720,
EIL 1 DOREFT 1 EIOBAT o7z, 7272 L, G IMITRE IR Y # 2 T2, Ko
7ay T T— =%, 5EIOWPEOEEE L EERFREEZNER LTS,

25
20
g l 5 u E\ §> s
> [ |
[a]
a
O 1.0
[a]
B Air/KP
¢ Air/Silicone KP
05 Air/ Solid oil Oil KP
OAir/KP (Calculated value)
<O Air/Silicone KP (Calculated value)
0.0 Air/ Solid oil KP (Calculated value)
(a) ZZRF ¥ T
25
20 [
% 1
15 | O
< |
>
QD.- 1.0
Q B Air/KP
¢ Silicone/Silicone KP
05 | Solid oil / Solid oil KP
OAir/KP (Calculated value)
< Silicone/Silicone KP (Calculated value)
Solid oil / Solid oil KP (Calculated value)
0.0

(b) MutxHX v v 7
45 ZERPB L OHZIMET ¥ v 7128 54444 KP @ DC-PDIV

Z 2T, AR CITER-EAREMR 25 L T 5729, PDIV IXZEA F 2 i3kl X v v
THTRAETLEEZLND, EEAX Y v (0175 mm)DEA . PDIV FHIX ¥ v FI2h)
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HOHEEL, SNy =A@ R Y 1.29kV(7.37kVIMmICH 5 EEZ bND, X v v
WYY a—=FANVEIIY Y v RAA VLTI ST S56, PDIVEREOFX ¥ v 7 D45y
HELEZ, vV a—rFANVBIOY U v RAEA VKD PDIV Th b, 225X ¥ » 7Ttk
(2 0.175 mmiZF ¥ v FRAFE L, EE EFFE 1 kVimin OERELELZHIL T PDIV %
BE LR, v U a— A4 E 1.30 kV(7.43 kVimm) U » KA A L% 1.34 kV(7.66
KVImm)Td > 7o, —MRAVIC, #fRIM T D7k F 7o 1 ToR - O N AR5 F B BR haEE
X35 2 EBHE S TNDW6), RIFFE T, FEBRATO IR ELZE BAULEE & 7213528k
Hid, 7 g NV H I K o THER I T DKy B X O 7 DR EZ1T - TRz ik
HERD PDIV 23D L7z LE 2 BN D,

K ofk& o7 vy MY, BT v 7 BE T O PDIV BSFFERKIC & 2 EE/ O
S ERE LK 46D 2 EFHERET VITEEIL TEHRE L2 PDIV Th 5, #ilxiE, Air/KP
DA, Vald Ny = VAT D 1.29 kV(7.37 kVimmITdH 5 7=, HUINEEZ V &3,

V = ((eratoterath) erath) x 1.29 kV

L%, KA42IZPDIV OFEIZHAWERNT A= —2F L DT,

# 4.2 PDIVOFHFEICHWEKFE T XA —HF —

pore | VA= VU YR . Silicone | Solid oil
=X F A Fqn | AWKP oil KP KP
Jﬁgg:zf 1 2.34 3.21 3.93 5.11 4.95
[)E:rf] 0.175 0.125

£ 212BWVWT, YU a—rFANDOUFEERIZY Y v RAA M TIEWITH D
53, KPIZIRIELIEYA, YUy REAMZEE LT FBFERINEL o TND,
T, VU RAA VIHOREEDR EW 2D KP NEBIZRIEN T L TV A 7 L& B
Do

45(@) (b)L V. ¥ v N[ EITMEI TSN TWDLHEE, v a—rF4 A
NH LYY » RAA VA IRIE Lz KP IXHEM & SHRMEMIEE L7, Ll
RN 2 1= LT 720y AiKP OJIEMEIEFHRAE & VIR 2o 72, X 4.712 KP Wi @ SEM
WA rd, A7 KPEmIIMMNLNZ ER0Nn5, LeR-> T, AlKP DBA
EREBME T KP REOMMZERNES L2 OREMAFFEME Y IR kol bHB
bbb, —J5, KRk AR L7235 S ST MM i CHEE 2720, AT e ERE S
WAECEE 720 JEMEFHEMEMZIEFRFICRoTLEZZOND,
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A%
L
Cy
VA gA dA
%:.E /):Z:k &a
— C B
KP €p Vg €p dg
GND —

46 2BEFHBEMREMBET IV

Vac-High PC-Std. 10 kV x 300 L —— L 0 1] Vac-High PC-Std. 10 kV x 270 —— (0 M

(a) KP Wrifi > SEM THi{4 (b) KP ¥ > SEM [Eif4

4.7 KP Wi SEM E{&
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45 VY FAA4LBIZEITE KP DERSBHLOREREHESE

(BER>VTEHE)

451 ZEEBRAE

X 4.2 OE 3 HENERZ AW, HUNEEIZX 4.8 O X5 Z2®EE LA 1 kV/min OE
W7 v 7 EEE LT, FUNBEED 8 kV £ THIET 2MICHAT DE 0B OR A Kk L O
IR ] IR 2 U L7z

V [kV]

1 kV

/ .
1 min t [min]

X 4.8 FEIIEELE/ NZ—

452 ERBEREIUVEE

X 4.9 ([ZEE T > 7 EE TICHBT 522X %?/7%&0@%&%%/7¢@%\ﬁ$
AEREFOFINEE & R OBER A R~ T, £72, X 410 IS HEN A LIZREOHIINET &
WA iR D33 A2 L T2 RO EIINEE @%F%%Avtbf & AR OBR Z R
o X 49128 T, Solid Oil/Solid Oil KP Z 5l & J-4UiX. 1 [EIH OFRAERAEE Vi IE
2.10kV, 2 [ B OB EBRT V21X 328kV THLHDAVIZ 118KV /oD, £,
X 4.9 B XX 410 1I2BWT, F#E 0s X PDIV ## LT\ 5,

4 4.9 X0 | #ukx v v RO E O AERFFIFIRIL, EXF v v RIS
molz, SHIT, 2RAUBROEH S KEICE BT 5 L. #o a0 AERFFFRIZ—E TIX
L RAIZELS o T D, 2T, BHREIL 1 BAOHMAOMEIZ L > THET 2, X
411 IS EREEE & RMEBMORER LY v v THOEMET VR EZTRT, K
4.11 OFMBHNEE, —SERAREEMEZ R L TWD, BlzIX, 1 FBEH OO HENR
kV THRAL, MEREN 1KV ICHBE L ERET S, 20L& &, ﬁﬂ%ﬁ@%@%ﬁ#@
T REEMPBELRWSGE, Ty v 7OSEEEN 1 3B OO EREEE 1kV &
A2 o 72 & ZITROE D HENRET D EBEZBND, Lizn-> T, kB EREHOHERE
ﬁﬁtfﬁwﬁmwa I, ROEDHEIL2KY TRAETDHZ LITRD, ZOREITHES
FIE, S E O AR & AV IZ—EIZe D, L, X449, 410 X0, HokE
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DOFAERFF MR L OCAVIZ—E TRV, L7223 > T2 B UEOE A cEIZE LT,
ABOE BRI LI EEMORTOHEL TV DL EEZOND, —BRAITHEON
I HEANRE OB LRUSERMENZ L0 5| MEBRR-HERIME S RICRB W TIE, KP 257
LHm— AMHEORMERUSEIZ LY . KP KB LONEA~FEEMP LT D LB 5
Nob, €I TRENCT, % KP OFRRPTR & REEHRICONTRE L7,

6
O
5 F djjjl}j
o 8kV
s
= Vi g
Bog |
ERN A\ 480 s
g [ me® B Air/KP
‘e @ o Air/Silicone KP
v Air/Solid Oil KP
1 r < Silicone/Silicone KP
Solid Oil / Solid Oil KP
O 1 1 L 1
0 50 100 150 200 250

o AR AR R [s]

49 HIRT 7 EE TSI D IEFTE 2 R D JE L IR

2.5
Vel Division b W Air/KP
oltage Division by e
9 Dielectric Constant Ratio OA?I‘/SIII(?ODG .KP
j Air/ Solid Oil KP
< Silicone/Silicone KP
15 Solid Oil / Solid Oil KP
Z 3 O SEV
>
N 1L
" - 480
S
=
0.5
!. i
) i 0
. . n ‘IVL O
0 50 100 150 200 250
Ry RS LR [s]
410 HEIRT 7 EE TICBIT 5 EGER 7 B O AR & R AEBE A=
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/// 5 TN
MBS L TEE) U
ENIGE R S
\ ,’
pn%g’, PD 5
PDIV  [========-- /s
4
4
4
l,
4
4
4
4
ll
4
4
Il,
Z = iR
N N 7 N
(a) MM AT RSB
FUINEE (B T o 7 BIE)
,/ R BN
EIJIEEAEE .
N //
PDIV

A ]
(b) HEEMIWET 5

X 4.11 EPOEREBT ERABMNOBREZRELI-X Y v 7HOBMET VK
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4.6 WIRENSE S UVREER

461 EEERAESRTL
X 4.12 | fﬁ’gfﬁ{/m@”mniﬁ/" X 4.13 |25 EERAEEMRE T, KP OFHEIZ

40 mm O Au ZREx L, BEEEBME Uiz, M XELE 28 mm O EFEM, NEE 32 mm
Bk 2 B R T A

BB L OSME 40 mm O A — NEMA [FERIZ Au 785512 This L 7=,
[ 4.14 OWERZ FAC, HMELE 300 V O @%ﬁﬁm%mmbhoit\l4w®
FHEE G EBMR 2 AT, FERIZ 300V OGEOREREERZHE L, X 4.15
OREAGBRIEBMRIT, BRE L TEREED — e Hne, REMEERIE DERIC
X, REHI 412 0 X ) 2 AuZkAE S T, B2 EES— o RICE S, #Etr B <

X

T AHOIE BT 7 A TERARIAAT,

et KA ()
AT
1) 7 I FE AR
%it*’,' | l—'7( d) 40 mm : /E\ﬁ)
(d) 28 mm : Eﬁ@) jj“ }\%4{@
¢ 28 mm ¢ 40 mm = ) (€K 1))
¢ 40 mm ¢ 90 mm i
(a) GND side (b) HV side

4,12 AREEEEH E R 4.13 {ZEE L E B R

20 kQ
o O —
[T
B ) Eézmg
(5L |
aN
wA
4.14 ZEBEFRNE S AT A
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BEFEER (LNET—})

(CRMEI—b) A — FEE |
] AN o : _—
{/, EWE CrMmy— ) CEEEY—b) HRERME CLNES— )

(@) L (b) M

4.15  RiE{=EEFHIE BER

462 EBRBEREIUEER

[ 4.16 |TAZEERRE RS F0 5 B Lo (KSR e L ORISR LR, K416 &
D, ETOLFICHE N TREBIRIIEBHIRIIR L VRS o7,

I, MAMBEITEREME T AL, KP OHONESKEIC L > THET S L RET
%, TOREICHESITIE, KIEHE L BB E COBBIENA 28 L=5a. KPNEo
J9N KP £l L 0 HBHANNS < 72 B, Lzt T MBS L 5 KP Fil 08 EEMIT KP
Fifi L0 KP P& L 1— A MR & K TV B ATREMERN WV S B2 B D,

1000 1000
Air-KP
= === Sijlicone-KP
_ 100 r 100 + Solid Oil-KP
1S 1S
G L G L
9' 10 D G GO G P GO D GD G G Gb Gb ;b @ ¢ g 10
5 ¥
= | B
%ﬁ 1 ,—' = 1
K =
% — Air-KP #
0.1 = === Sjlicone-KP 0.1t
Solid Qil-KP o - e e = = = — -
0.01 : . 0.01 | | |
0 200 400 600 0 200 400 600
IRgfH] [s] REfH [s]
(a) AFEIRELHR (b) R

4.16 4 KP OFFiR L ORE IR

BT OBENIIEROEELEZEZ ZVLENH LN, 45 TR D EKRT v 7 EEOKES
X, R Z L ICEMOBEIO LS SHELLTWS, 2T, BHii—EEE TICBIT 585
B AR 2 S LEMOBEIO LS SI2B L CEEICHET Lz, RENCZE N 2R
/\“ZDO
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4.7 Uy FAAILBIZEITSH KP DERBIMEREHERFE

(EFR—EEE)

471 ZEBAHZE

4.2 O HCEEIE R & 7z, FUINFEIE X 4.17 D £ 912 PDIV O 2 f5 % THEE L&
F 1kV/min THIEL, ZOREW—EBLE T, 600s FIZHAT 2 H 7 B EET L O
MR AHEIE L7z, 2 2C, 0 EIC L > THE LR BIR OB X, RO HE
HEBEICEET D, £OD, HINEEMEZ PDIV O 2 {FIZRE LT,

V [kV]
| T2
Tl
PDIVx2 %2
1kV
? > {0l
60s 600 s

417 FUNEE K —

472 EBRBEREIVEE

4.18 ITHE I —EEE FIZBIT 2EKAFX ¥ v 7'k LRI F v >~ 7 H o 600 s HIIZH
A U750y BB D38 AL R HERS 2 7R T

418 10| B —EEELHI LG E . Ml AR08 L7z KP X, =BEL T ieng
BN ARES MERAEORBBENEL o7z, ZHITERT v 7EEZHMLIZEA L
M CTH D, S5, Mkl v v 7ok FicE B340, Solid Oil/Solid Oil KP (%
Silicone/Silicone KP & ¥ & fi 0 iR AEDKEIEN R e o7o, ZhuE, vV a—rFA
JVAZEEA | Rl EE R OB EE S N T 8 | AT FE R O RE NN S 4u7e Z & SRR & B R
bNd, 2T, K418 LV, Ai/KP IZE BT 2 &, BEFINEK 200s &I2H 2 BT L
DRHIFIRR MR 2 IZHRAE L o TV D, 2O bE L FMICHREFTT 272010, 225F
¥ IR T, T ESRAE LT R & RIS B 3 58 A4 L Tc el 222 At & L
o EER AL L ORREX 419 0@ F LT, X 41712815 Ai/KP ZFIZ &,
1 38 B OFDKHEE t1(6 s)& LI2a . RO EILEENE 221 s)fzlciwAa Lk
b, AT 15s E72 5, X419 XV Ai/KP 2B W CEEB L2 EEF 200s F TlE—EM
R CH AR AE L, LD MERAMBIL T AL Y b EL 2oz, 4.6 fi
V. Ai/KP OFFEEHIRIIEIEIIRL 0 @m0, RE ORI R LR TR S MmO
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PREEIIFER I/ N SN & 2 R, BEEA T L r — A e 1 Al o T KP N A
RIFBEEZOND, LI -> T, X LD KP NEICERAFLE LW, Eln—2A
WkHEFR A8 > CHEEMIL KP WEIZIT 5 & B2 6D, L L, ok & 2 KP
WEBIZEMTIEE T 2. AWFE TIXEMMEERELE DO ZHM L TW 5728, KP NERIZIEZIE
BHMNERTDEB20ND, LEER->T, KPNEIICH HFLEEMNEET 5 & AEZEM
B & UCER LRATER ZEMT 57280, KP NE~OHEEM ORTIIMH s d &5
2D, XY o EO AR L L7 DX KP NEA~O R EEA R A D
PN fE - T, AEEMORKT DB KP REIZEL LT2Ted B biLD, —F, #ifk
HITIRIE L7z KP OLEEITBN TS, Ai/KP [FEEISE 2 RO AR RIFERES 2T 5 &
TRRIND, M ORI EEMORIT S S BEARL TV D L& 2R, &Rz
WAL, D CRIFMEE 2SI S 2 BRI i s A RE R R s 251k 3 5
LEZ LIS,

B Air/KP
¢ Air/Silicone KP
30 Air/Solid Oil KP
< Silicone/Silicone KP ,
Solid Oil/ Solid Oil KP ’ [ |
e [ |
25 | R - [ |
’ [ |
{182 . ]
_ PDIVx2 7 ]
=20 R llll
& . PO |
ol At 600 ‘m ™
15 L ‘W .

i 9 | *

Y

“

&
.

0 100 200 300 400 500 600
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H
N
11t

30
25
20
%15
N
10
5 F 10 F
0 1 1 0 1 1 1
0 10 20 30 0 5 10 15 20
B oy RS BT CER
(a) Air/KP (b) Air/Silicone Oil R or Air/Solid Oil KP
B4 4.19 EJ—EEE T D B HUE D5 A R R
48 F&H

FME - AR O RIEEE DC Y U v R — 7 WICERH ST 5 MR- ikt FE A
BARITBIT D BRI L HEETOBMREZ M LIofR. LUFRH MM E ol
(1) BT 7FEETICBITS PDIV X, AiKP OBE, HIEME & i ERoHIC X 55 5R

M= Lo Te, KPREIZMMAL L, EKEME T OBERDHHTHICES L2z
EEZDND, —H, MR AR L7z KPITREMAS AR & 2T —B L, Zhid,
KP 2 1f o M 25 Tl 7= STz 7o, JRpTA e BRE P A TR 272 2 &
FHKEEZBND, Bit7 > 7EBETO PDIVIIFERSGMHEEIE Lee, < —#
THZ Enbnot,

(2) ER T FEEZHN U 256 OEFH Y EFR A NEORE R, o ERED
el —E T <, BED EFIIME- T, el olc, ZHUE, IZTHDOE
IYIRBIC LV HE LB RE OB BB OKIT L S5, IROEIYREDRAN B
EHZzTWbHldhEEZzBN5,

(3) HEiE—EEE AN L= 5A OEGER 7 R A E R ERBR O R, ArKP [XEE
FINt%, MR ARRIERAZ(LL, e lZREBRAE oz, 2 AiKP @
AHEERA R I L W /S W72, X UDITEEERS KP Nz i@ CTikif 5
23, IFE ORI & 2 KP NEBICEM 2N ER L, KP NES~OE R ORT 2580 S 41,
Kifiz@-> TRIT DD B2 B DH, Fiz, Mk 123 Tt 600 s OHlE Tid,
oy B R AR O BLIIMR TE oo T, Mgkl IZRB W CEROBEN
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fil S &B 2T, w2 O 7258 IR R EE A HIN S A7z BRI, &8
Sy B DI AR O ZAL B TE 5 & %7_ bib,

S5 3k

1)
)
®3)
(4)
(5)

(6)

Thomas Worzyk “Submarine Power Cables Design, Insulation, RepairrBnmental Aspects”,
Springer, p.139, 2009.

A, T TEXHEGRIMIC I T 54 A A, BXERHGE A, Vol.98, No.1, pp.17-
22, 1978.

KOAMR : BERBGGR, 4 — 24k, pp.85-94 2011.

BRFE  WENY RT 7 &, 4 —ok, p.91-92 1998.

FEH, it : T oo 5 dE AV SRS & BRI RIT T IR DR TR |, R RMES
A, Vol.110, No.3, pp.190-196 1990.

INIRE  EEE - Mikgk T, A — 2otk p.45 pp.49-50 1997.
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FE5FE MREM-BEAZERETROBIKEZNLLE:
RERBIER & NEHE

51 FEAMNE

E 2k, BARER 2 X FOEWERBEIZEWTIE, BEIFOE 7 —7 V&2 RER-E
Br—7VIRET L2 LIk, WMRTLEAMOENFEITHLL L5 &3 2B
PDTE < BASEE L L LcEiREESE S — 7 VOB ED TN D, 20K
DB EMNG, 2L D A Ry NREEMPEEL LT, BEYSS — 7 VO FEARH
EnTW5, BEEHMIRORKDO A Y v MIBRT RV k0K, SEBE - K
R, I A XD a7 Mtk 50,

20014E~20024E IS B IE 7 — 7 Vo AT b & L COFEMAVERERGE N OFRE ORI % H
L LR LEMOEDER (66 kV - 1 KA - 114 MVAYS Efi SHv, BIIEICK T L2 &én
WhHEENTWS, £72, 2OV 3L IEBEEr — 7 iz @EA L, 7 AU A
Albany Ti"C 2006412 5L T T IR EE I A8 C O 23 Feki S 7= @6), = o FERER
X 2008FIZHET LTWDR, =7 VORGP OHIN, BIERATHE, SHIFEA T T
VARGBHEMEICB W TRIFIZE T SN MG S TWD, BARIZEWTY 20074
235 D 5 AFEEFHE T NEDO HfFBAFH#E D [EIRBELE S —7 VOEETr Y =7 b A
RN TRY | FEAMICKLEREAORST - A 7 v A5 & B L7z SRR FER I
Bfot S CEME SN TV D,

HWEEr— 7 VR OZOMOBEERIICEWN T, BEEEARORENEETHD Z &
I Th D0, WO REEELBE Lcya, EXMbENEE e BE s b, —F
T IEWRRRICATIAE O L o0 F —JRIT KL - B2 O FRE rEE T 1L ¥ — V8
EIND, ZOX D e xVF—%2FHT 5546, BELEHN A V7o B2 S AR E D R
HTENEO) ERREEE Y — 7 L OHER N D—o & LT, HEREMOIER T 5 itk
—RIREFREGHR NS 5, HIBEEr—7 Oz Ui, ZEN « kOB
N2 CRITHEEL 7 — 7 VT OERBINH D 2 L h bii-IRIEEFZESRDE
NERELTEZDOND, ZOMKIZ, 777 MIKP)EARY 7rE L7 0 L A(PPY
+ )V 1) ZFEE L 7= PPLP (Polypropylene laminated pap€dh ¥ . 200642 T TITi
NTERHETCORMHBELE 7 — 7 VOEIERBRICHNONTZ b D THD, LLRnb,
PPLPZ H W= liZ AR 7 — 7 L & i CH W S A IS RN~ O BRHEAR 7 — 7 LD
M MERE 2 IR T S 2RI AE L TR 0 OO, BEE 7 — 7 B\ T b Rk O R %
T D ENBAEEND, PPLP % HV 72 220 KV kD EFHBEE 7 — 7 L Offikxik it 247
ST HEOYL H DM, RIS TEFMEIERS M L2 & 2 ERITR LIZORT,
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Z DMFIERFEZ BAHRARA =X L E TEH O TRRE L7 BIEE D, RE CIIRIEESR
BB FIZHBUWT KP, PP 7 1 /LA, PPLP OAERAEEIZ 5 2 2 WET BB OB 2 B 6 82T
% LT MR A~DBFRAA D = AL E R LT, S50, BB LEBHEAA D =
R 5% FEN AR A Z ) I U 7 BB R — 7 VA il 7 it A R4S LT,

5.2 KP. PP 74 JL.L. PPLP QOEF - 4 »/VL R G IHIEM

521 EBIIRHEREIIRES L URERAEK

X 5.1 1 CHERE AT, BitiGERR I 777 v a vV Rx b —2 O hET >
7 CHIE LRUEHTHIIN LTz, A 7L A MR RER Tl A >V A FEAAEE CREHEA
7SV AEEE(1.2 ps/50 ps) Z AAEHIEIIN L7z, 55kt 2 B O3 —809 2 K 9 ICTEMEIZ
PeFiA . RKREHEREBORKERICRE LT, Z0%, REIOIRENEFIREIZ 7
_t%%;Lfﬁ%hﬁiﬁwvm@ﬁm?yfér%b<ijzhﬁwlmm®ﬁﬁ4y
PNV AETEERE L, MSEEEIEANE Lz, i, A L AMERERER O BRI
THRINDMGFEEEBTL LD bEWA OV RAETEE 1| BOAREIMTHZ 212Xk, (v
7V ABEDOWRIERE N THUGIE 24 U S8z, 5O EE 2 e o2 & Tk
L Cfg iR 058 < (Fb) &2 H i L7,

PRFEHHL
(MOMQ)\\z
[IERG AR FvnAa—7F
IR
A 2L A
AR .
Ty a v
TR —H
I

B M o .
= = = = mAEkTRr—7

X 5.1 ek EsER e 7
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522 HHBLUEBR

k& LT& 5.1 12”7 KP, PP, PPLP Z M7z, EHAKIZERE 90 mm O 1 #r &
L7z, X 5.2 (St sRic W2 Bk 2 3, BCRITEK - I*ﬁ EfR L Lz, B
BRI, susizf%i 12mm O HO&E W, SEAREMIEL, SUS BCEAS 30 mm, Sk il
2mm O b O &AWz, Fio, Bk L BRA Y il S 5 B CREMR & BASRIR O[]
AR ZfRA LT,

ER - SRR TILEREAMR & SRB O M O kB 2 I U CHERIEN LT 5, BT —
TMZEWTH, 4 B TR LIRS 7 — 7 VRIS ORRS (D 7= DIz Ny BF
Y v TR THBRE BRSO, Ny RX v o THROEGHEN LTk B st o 2
FRB VIR LD LB Z BID, Ny RE¥ Yy v THOE G HEE I LI fiiE = g 5
T2IT, B - PARERGR 2B LT,

7 5.1 AREtOYMEAE
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L.
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7=V BT D Z LI L o THEBEE AT MLERDT,
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THE SN RNAX—KFT 5 B2 60D, — 5 PD FAEEFT D O O KU BRI X
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1 EFTICEN T, IREBEENRA LT-5E . OB E F I EE O BN TN D &
Ex bbb, RE ORI HZEHOEBERNIZ iﬂﬁ TRAEL TN D &EB 2L, U BRI
DE—7 NEHENDZ ELHHTE %, — 5T, BIEERIIEENEZ — FrIcEd LT
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HTE BHMROT T A MRS CBITET ORRE ~ 11 T SR
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T WIEE S EfTV. X717, K718 ZREIUIMRER 2 1 HlEz R LT D,

B4 7.17 £ 0. PD RAMETTD O O BRI DI A ST FVICERTHE, Ty v
JFEFAERFD PD FAMETT D & O RS BRI 1IN I R T e — 27 REEF LT,
ZAUTKE LT iR B A R PD FEAEERT A & OB BRI ITER O JFE B v — 7 A
Bz, MEOFESCEMO X ¥ v 7 HIFEHEA B B OB A X7 NI EE S
X TCVDARIERH D Z ERHE SN TNDEY, 2D, HERIEDEWIT X 2 E A
R MVOEWHRBIND Z LT THEZV I DB 6ND, £ 7.18 KV EIRKEF)
D DRSBTS OJEE AT MVICERT D & INERERERB LOX Y v 7 HE
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BIERFNEZ R T Z ERTPREND, BIEE TICBW T, BIEER S OSBRI 2 A
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M MEZRES D7

LT, ﬁ%ﬁ#ﬁ%%ﬂ%ﬁ L CHBEOR B MRS D720

Z1% 1000 % X 300 s = 300000 SF@J:% 84 RFH) BRI A 2 95

2, RPE R ERRAER 2 AT 2 T

WS, WRPEERO IR Tr & Tr<<t & T2 0ERH 5,
F1.1 KHEENr— 7 NMHER SN EXRARO
Cable Type 1 2 3 4 5
150 kV
Rated Voltage 33kV(AC) 420 kV (AC) 150kV(DC) 450kV(DC)
(AC)
Mass-
Insulation XLPE XLPE Paper/Oil Polymer
impregnated
Mechanical
Electra 171
tests
Electra 189a CIGRE technical
Electrical type
with reference to IEC60840 IEC62067 Brochure Electra 189b
test
IEC60840 TB219
B B B B B
PD PD PD LC LC
tam tar tam Sl PR
HC HC HC LI&DC LI
PD PD PD DC Sl
Test Sequence
LI LI Sl(for Um=
AC AC 300 kV)
(PD) (PD) LI
(same as in IEC 60502 AC
(PD)

TB: Tensile bending test, PD: Partial discharge, telC: Heating cycle voltage test, LI: Lightning poise test,
Sl: Switching impulse test, LC: Load cycle test,:APlarity reversal test, DC: High voltage testhwibC,

AC: High voltage test with AC
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L EERTOMEN DD LEALND, HIAIR, R CHATTHL L TV D E B DAL
BIEZ G O REVEOHIWHEIESE W26, ] 6.30 & 9 IZER 5y iiE S8 A B LRI
BEZFN Lkt 72558 1SN 5 720 &GO L et 2 Wi 25 Z L1220, i
W THERR R R 21T > e B liE, EEROMRMEREL Wik 2 vMER &< 2D, £/,
PDIV Of/MaEz W TRAITERZIRET 25 BB N TH, R/MEZTO L OBHEICZE -
TEEL TW D ATREMED B %,

LI ED@ Y | [[—7E 2 FV CEbiidB 4 2 55113, MBS EAT X RE S iz ifsr ik
BRABET LICRRD Z L 2R T 2 0EN D D, BIEHINGIECRIE R 202 TH
BT 2FORRBLEOEIRICE TRALELEZOND,

1100_.......... as T
. ® Positive Polarity

1050 Lt © Negative Polarity ]
ES ¥ ]
% L
Z 1000 [
5 C

950

L) P TP TS PITTE PR P PP

Time {min)
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8.3 SHENBELHER

AFFEO RN, H BB BRI 5 2 5 B EEOBEIIRER - 7— 7 T H

WHNLEEGHEZ RO G ET NV E AN TRE L7z, EBROMERE DR S CEEKE
IZEBBFHIIT 2 T, EREOBER DA &1L 572 O AR TH LB ZEE O
ETNELZDOEEERICEMT 52 LIXTERY, LIeh o> TRMFZED R 2 2 EREIC
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LR A IR D,

(1) =7 NET I K D FERRITE NG TDFEER

YUy Rr—7 VB LOBELSS — 7 L OMGREAICIE Ny Y v TRFEEL TN D,
X 83 DY Ny KXy v FOALEIZ K D HERER K ONERAER I 5 2 518
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PPLP# 34 7% /@ Butt gap(LNz)
|
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B 553 BAERHED B L o TR 5 TREME 2 AR L TV 5 28, ABFZET1T
ST GET NV THRICHET L. £OBY A X P R_TEE 2N THRE 21T 2L TH—v
BETICR T D W BB O D EO DI EREIC 5 2 5 8 2 HIZFFICREITE 5
EEZLND, MHETNMIBIT A =2 —UER T COFBZXD 2R L, BEHE
R TICBNTHONIHEBEIET VAR, = F Y —DBER TR 280 iES
PEDORNT 21T 5 Z & T, L0 EEEMTERMANPGEONL D LHE XD,

6 ‘ : ]-400
—— RPDIV,, 5
—o— Surface potential i :
[ S T = foresrnans e {ETTTISUIPRS SUSPRRNEN O 500 .
. | P—.k_\: AN i i S
= f Yo 1 =
o { c
& ) : o
< el -600 s
o 8
& 2 £
«**-700 3
2 | i i 800
0 5 10 15 20 25 30
Sequence number N
(c) Unipolar impulse voltage, 22%RH
6 T T T T T 200
—— RPDIV, 5 : :
—c— Surface potential ]
N S5t : ' 100 E
= B
o i i : : e
Q 4 | CO0ooC o{u:—q—.:-:-—o CQOOCrOCO0000C0000 | 0 %
2 H ! : H 2
o @
Q
& £
3k -100 &
ol g
0 5 10 15 20 25 30

Sequence number N
(d) Unipelar impulse voltage. 95%RH

8.4 H—UBETIZBIT DY A R MT B OME Y IR U B Rk & KimE®

() 7T T L DI IR L 72 [ R © OO R R H O S F o s L
AWFETIE, 2T o2, v F TRMET D Z LIT &> TEED IV ZEE % HIN
L BB 2 3L SE T, 15 DRI TR DN D OSBRI DL & A A~ 7 L
(ZITERE OIIRFAE PR E B L T L AREERH 5, BIOLREFZEKS I 2 v
— 2 HETHRAT L, GOV ABE AT bV E2 BT LETRENH D, ETEBRITITR
MELE T CTEMNSNDIEENRKETH D Z &b, ZMEE FIZR T 2557 EICER L
T2 [E RS LA B D BRI R E A R T 2 ME N D D, £ OB, E ORBIRPTRIZ L -
CTHS BRI RE N T 2 2 LB no T D, £z, InHEEOERICHEIHEm O E 1
RENEEL TV LHEELEZEZDOND, TNHAEFZD T, SORLIMIAVBLETH D,

146



i
oo
1
&
oh

(4) LB R TIZBIT DBERUEET VORE L

ABFE TR AR R I DO IR 2 IR TI2I81T 2 22 B 0 268 2 i TigfT
L. EMRICITEATE 2 BEA TN D, L, ZitER Tk 2 EXUEIREE
TEHERD, ZPER T OZER B A L AFEIS IEPEAIE)FIZ L > TRIGFL., £
DEROZEF BRI T /L & AR R BEIIE O I & Ll - i+ 5 2 L g L
EAbND,

S5 3k

(1) Thomas Worzyk “Submarine Power Cables Design, Insulation, RepaiirBhmental Aspects”,
Springer, p.139, 2009.

(2) M, M TR N —F P —UBE TR 2T AHRY A A ST DS HGE
Fefkl, BREIRTFSIUNSGHEAR KL, 04-2P-02 p.515 2011.

(3) Zgih, filL: [HVIKL A 7 VOVRAEIEIZIT D0 BB da e O EEREE & AR 2N
R, BRFSWHCEEA, Vol.135 No.3, pp.168-174 2015.
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