28 0l

DS 2N

SIS
*2HNHSHD D |28t
“*SI2XM)|0I0Ql X

E9| A0l OIX= butt gap 2o &

2ohE"
hkg@@?%
B ==

e OO

The Effect of Butt Gap in Insulation Properties for a HTS Cable
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Abstract - In this paper, we studied
electric  insulation characteristics of
synthetic Laminated Polypropylene Paper (LPP)
in liquid nitrogen (LNg2) for the application
to high temperature super-conducting
(HTS) cable. And, we selected the insulation
paper/LN2 composite insulation type for
the electric insulation design of a HTS
cable. Furthermore, we compared the
breakdown characteristics of the butt gap
and bended mini-model cable that comes
into being in this kind of cryogenic
insulation type. It is necessary to understand
the winding parameter of insulation
paper/LN3z composite insulation.
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Fig.1. Electrode system
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Fig.2. Mini-model cable for bending and
insulation composition
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Fig.3. Schematic of experimental
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(b) Schematic
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Fig.6. Schematic of bended mini-model
cable

g oyrd #Ho)E-g& A3t v
of g Arjd AIELES A3
a8 65 1

35 Astel

£ (a), (b)el Ztz Jdetdg. ageA] r& A
olE WA (r=15mm)o 2 Y& dF¢ g
73, Re Aoy FEWMAEL JehdH, 6=
lute] AR Z(25mm)ell i3 FEZHE e
Aol £ AolE v r} JFEWE RE ol &
3ty Aol ZFEWA w4 R/r& 104, 15
ul, 204}, 254}, straight(F3|A] &2 A$)9
57VA A2 3o AolEE AL, Rir
o] Ze HYL&F AT FIES dedhg. =S
AolE H FFA9 butt gap A7IE AHE
W, AolE uEAZEZL butt gap UHF FlU L,

HZEL butt gap UF FAEA 0.
80
Mini—-model cable '
Ze
CD
o
£
Q4
c
z
o
2
SR T —&-Impulse| - -
o 8- AC

Q 10 2 30
Bending-radius Ratio {R/r}

Straight

Fig.7. AC and impulse breakdown
voltage by bending ratio of
mini—-model cable

ad 72 A" FEUNAE AgE vyeEd
Aol &l FEWH wiFd U AC R gE=
gty A4S ehdet. adx d¥= S5
deol ACH ASEY & Ay 54E& v
W ey, o= A4 ded 22 FAMR
e Holn v, w3A @2 AolEH FE
W73 wis R/re]l 25wl A& A3+ Al
Hls:gh AT AGEE Bola ey, R/rol
Fages Ja $e #E Holw, o 10¥
Aol e F3A &2 A& vlmsiA oF 2
W A=z FAHA stz glvh. o] 2o
Aoleel FENAC] Foldys HAAY At



o] oA o

FE Adxel SaRE AR
rEY 29} AFY S
3]

3 A = Aolge uE®H
butt gap® WEo] HWolxHA ¢ B 4FHo]
ZAsA "7 wEejgtn AZEn, AolE A
Arol A E butt gapolA g E23HA
531, butt gapd HHo] HolXA FH ¥
Aol dojyA & FEo] I wHF FokAA
AZR g7 7108 Aol ALRET6).

ag 8L viUyrnd FHolEe FEWA ujgo
g FEA A 2 Aad FAE Jehdoh
P FIA ZL AlEY AS FERHE
= R/rol 25w -9 RETH AAIHA <
Aol H]£d ;e Holm goen, R/rol 254
ulgiel FfolMeE JFEWAO AESFE RE
A Al AARE Az Foln Ytk webA
AEAE Aol ZFEWA & FEWA
EAT Adgd B4 fA A4S JElhz
ooy ol AFE butt gap WA &
AAHFgTo] 7|AG Aoz AlgETH

Mini-model cable
in LN,

+| —@—PD inception
" & PD extinction

Partial discharge stress (kV/mm)
E-

0 " N s "
0 10 2 0 Straight

Bending-radius Ratio {R/r)

Fig.8. Partial discharge by bending
ratio of mini-model cable

E Adgo A" FEWAE AdEE viynd
Aol g LPP HAXEZ(W)2 25mm. butt
gap 271(G)E 1mmE A% FHJeorz 1Y
6(b)E Fmdted AolEe Hu FEWA wlf

L

R/r& o& 2oz 73 & v,
w+2G=(R+216 (2)
W = RO (3)
R W
<= (4)
o] A9 A(4)F o] &3 A ZENF )
F R/rE T3t <F 25ujo]8, ol mURd
Aol#el FEuA wE AC ¥ Y2, PE
WA A8 A vnd] 8 #W A9 fAS A
< ¢ F Yo
olde] AnzXE, K A& m2zAT A
olge] XM 2 WkE % JZEWA wle R/r
& 25u] oo 2 slE Aol AolE A &
3lof A3¢Z mAA &S Aoz AZAHEY. =
3, 22xAE AolEL FTALE FAAqA A
7] w&o] F2 AFA | B Hl& ZIAAH &
Ef2E ¢ 24 HEZ /X5 23 P

216

(a) R/r=straight (b) R/r=20 {c) R/r=10
Fig.9. Breakdown site by bending ratio of

mini-model cable

7} A& Aojt}.

a8 9 FEWH wld R/r=straight,
R/r=20, R/r=10 ¢ Z %o dz] Adg7}
dojt vjyrd AlojEe WA FTHE (a),
(b), (o) ZrZd vebdr. 138 9(a)y ARl
vEhG AT Hdo] F3A & AolEY AFe
butt gaps AAFHHY FHFo2 stu Yok
olAL IMM AFPKe] wHFALS A7IE A
<. LPP% butt gap W% A AL AA &
ol tt2A d3, LPP(er=2.7)Et F3&0]
e dFAL(er=1.42)004 Aol AlzFEHE
Rog AAdAYG. gy 238 9(b)e FENHA
=7 20612 AlolEe A= Aolee #F
o w& 7|AAF AE#H 2o o HH %It
AelEgo] Holxgt A= butt gapolA
AT}, TERE ol FolAHA AHolE wg
Z butt gape WAL Holxlm <tF%e HAAA
Flo] Aol HATH FAlO AFRI}Y JuAS
we Aeg AztdEct =3 2 9(c)y FER
7 w7 1089 A= Edel Wdda
cracke] WAt AolE <AFH9] butt gap
M2 AsHA AAA ot o] A% ddude
butt gapel °obd EFLEA HoA crackelA
WAool AlZEHQoen, olRo] FEWH ulsrt
1001d of AAy] Aol FHSHA RolA =
olfEta B + AT,

Z

4. =

E dRoME 1 AL FHolEe A A
ALAE Ysle] LPP AAA 9} ANHEL=2 T
AE Bgdd P2oA butt gapel A W
Ae 4TS ZASIEoH, HAA9 FHE
butt gap U4 23T & 43S FEE S
7 Ee vilrd Aol &g AzFdd, AC 2 ¢
Ha EEWA EHES S

Butt gap Atele]l dwdrd A¥E Hilo
AAR AetE3te] £=HES 30%=2 AHIHE
o, ZEW7A A4¥L 93 HIAAE 25mm,
butt gap ImmZ 3t YA} FENH S 7HA
£ oyrd AolEg AFEdd. miy=xRd A
ol Bl FENIE ulgrl ol mat Aol
B npgZo HAZFo e AFgo] zEsie A
oA crackel AB71AY WA}l TR,
Ao FxPYo] AL M2 HAAY T 0|
AMZTH olo] wal ZEWAC] F& AloE U
2 go ddUdE S Bgoeny, FEWA w7l



oF 25d] ofXo] HW X9 AHAolEd AL

’\}5} e JeEhAC, £33 AolEe *:’L.%H&

< UF FHA s FERHA W3 AF crack

LA ste] Aol B HAWREE FHE] A OP‘]?d

=3

U'PE}H A 8232
2 EH A olE g

o, oh', Jo

2AE Aolge AT &
3 A U@ F97t 279
o, =9 SA20lA s HE 4E A9
Aolgel vla) NAH 2EH2E o #A 2 A
JEE of§AE Fol A/AAL 1P Aol
9

o] ZEWA vl WNEA 258 oo ste
Aol AolE AA FIol d&FS vxA ZT
Ao 2 Algdr},

?'i:rlt 21/‘1] 7] ZEEo AFMNEALA
i}*ﬂtﬂ-’?‘— |71 Atdee a7 A
o o3| aﬂﬂﬁi Yot

(&1 23]
(1] S.H. Kim et al, “Dielectric

Characteristics of Insulating papers for
HTS Cable”, Korea-japan joint Workshop
2002 on Applied Superconductivity and
Cryogenics, pp. 9.2002.
(2] Alexander Bulinski
Voltage Insulation for
Utilizing High
Superconductivity”, IEEE
Insulation Magazine, Vol.
pp.14-22, March/April 1999.

et al, ”“High
Power Cables
Temperature

Electrical

15, No. 2,

217

(3) H. Okubo et al, "V-t Characteristics of
Partial Discharge Inception in Liquid
Nitrogen/PPLP® Composite Insulation System
for HTS Cable”, IEEE Transactions on
Dielectrics and Electrical Insulation, Vol. 9, No.
6, pp.945-951, December 2002.

(4] K.Miyoshi, et al, “Design and
Production of High-T¢ Superconducting
power Transmission Cable”, IEEE Trans.
on Applied Superconductivity, Vol. 11,
No. 1, pp.2363-2366, March 2001.

(5] M. Leghissa et al, "Development of

HTS Power Transmission Cables”, IEEE
Transactions on Applied
Superconductivity, Vol. 9. No. 2, cp.

406-410, June 1999.

(6) H. Okubo et al, "Partial Discharge
Inception Characteristics under Butt Gap
Condition in Liquid Nitrogen/PPLF®
Composite Insulation System for High
Temperature  Superconducting  Cable”,
IEEE Transactions on Dielectrics and
Electrical Insulation, Vol. 9., No. 6,
pp939-944, December 2002.



