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Design of Insulation and Bending Test for a 154 kV Class HTS Cable
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Abstract
It is important that study on cryogenic electrical insulation design to develop the cold dielectric(CD)
type HTS cable because the cable is operated under the high voltage environment in cryogenic

temperature. This paper proposes two types of insulation design to carry out the maximum insulation

design for a 154 kV-class HTS cable. The proposed insulation design method takes into consideration

AC and lightning impulse withstand voltage so as to prevent AC breakdown for power frequency

operating voltage during operating the cable and breakdown for lightning impulse voltage. The final
insulation thickness is determined by selecting high value out of two insulation thickness calculated
through the two insulation design methods. And we researched electrical insulation characteristics of
HTS cable according to bending ratio and the number of bending.

Key Words : HTS cable, Insulation, AC breakdown, Lighting impulse breakdown, Bending test

.M 2

o5 A&AA AA ARl wat w3 -
A9 oA £27t FA3 Frkee FA Ao
o, 53] o FAAE A7l E g oy
Aze W@l folstm TEHW mAE Aol
7t Fbedttte £ WEd 1 £8E HgHeR
7k m A o/l Fae AAe) FER A2
A AEAolY fdAE S 2 JEe 4
dAol @ $FE oz AEH slEsol
ool s @A Yow £ IHSF
S8 AY 1% (Ultra high voltage) £RuAl
ALt ok shedich. 1dyu AAA, ledd
A, $HEA, &R T FAV Hug F
5t AYFad qud A2 gAYy &
B s ool FaA dEHI gt o
Zadign M| 3 E D

(B TFAl ZE=E 900)

. e W M| S st}

, SIEHIATHE EMEI7HFOE

. Corresponding Author : shkim@gsnu.ac.kr

Ha=dx} 2008, 9. 22

11Xt A AL - 2008. 10. 14

AALRtE @ 2008, 10. 22

ofy o Mo mo mn

—_

o W N

1024

£AE S5 Ad $94%, $aAIE B
£, 2LAHAME 258 54E 7HA)

ALEEAZ AolEd g AT &d3 1Y
ol FFeAE 20019FH w§HEr|s5rt
#3le= DAPAS(Development of Advanced Power
system by Applied Superconductivity technologies)
ZzaHe] dFo =z 229 kV / 50 MVA 34
2Z2AT AolEe M L Ay ASFAHA AT
st emi1,2], @A 154 kV /-1 GVAY L&x3H
T Aol &g Mol IP Fol UTh

ZAR, A7AQAS, YAEZ FAHNA 22
Z2AE AolEL AAAL(LN,, 77 K)ol AH
Zrate eAHE z1eo] A7kEY] Wi A
o oA Arjddel #d dTE dF8iolt)
[3]. dayAe HAZ9 HXd wa J24d4d
(WD: warm dielectric) %43 22 A(CD: cold
dielectric) W3] Utk WD B4 2dZH 9
of A7iFAZ0] gloy, 4L 93 A2V
(cryostat) 9ol A7|HdAE& ¥ Fx=2 AdAHE7)
A2ola ALREH7] wie 7|E&9 HAMFEE
2 AMSE ¢ JduE Ado] o 28y WD
Ao 32xAE ACELE uFAAE AW

cryostat®} £ XA o]9je] REo] glojAe ¢

=N ol rh

3]



HAFELS JA87] 93 n2ExAE 4 =(shield)F
S AT £ Y] " FAL B2 HF
Eo A% & FFoz A2"Ho &Ho] Frlst
o t-gke] Alxade] FHGo] a@sirh ¥y CD
WAL Ar|EAZo] cryostat Wl Y& FTRE
AEFE ZAHd AZjddES 32 2 99
A ZLxAE =SS AXT AoE Zd

(core)E cryostat Wol AX3e WAog 31L&z
AXE shield®d HLo] 7153t cryostat®] &3
F AL g4 & £ gtk 53] WAFAAE I
119} cryostatell 34 core® EF AAE F 3o
7z} Aulth cryostat® A XdE WD WA wu
st GAdAZEe EHFO Ay Wi JREZH
g digle] Ax a¥elgts Aol gUrh

HAdAzE WD 9444 PE(polyethylene)st
XLPE(cross linked-polyethylene)& A}&3t31 CD
WA o e Az ZEX (Kraft paper) F & Aol
Zg =z z9gd(polypropylene) &S ¥ ¥ ¢
AL 3 wEY {AYFT € £AJAT A2
AARE7} Fol A FYAIEY FAARRE
Ab45 3 9lE  LPP(Laminated Polypropylene
Paper)& AHg@ )

De2AE AoE AAMA did e HYgx
dAdsty AAE oj&std MAZE WY, FET
A AA DAY V-t EAE ol &3t MAstE W
W, AC HASd HAAE o83ty dABE W

o QIeHsl.
2 ATAE vusd Aelge Adsn ¢
4g 7He LNl HAse} AC BAss Y

M98 Adsy 4¥e FH 2z FAdAE
Seivh 2ela IBWAR 2F A5l o A9
E49 WsE zASATH

2. 0lU2Y M METX L wy
|

21.1 AC ¥ Impuise BT & oj2 ™
154 kVHF LLZAE AolEe HAFA HA
A3 7% 54 A48 3y 13 Zo] vUR
Aol &g AFste At HUEE Aol
2 27 27 mme 2HAA2G X9 o] HA
& S3A717] 98t FA 130 mm, & 25 mm
A9 carbon paper 242 butt-gap 1 mmE
I AR 50 % FHeE zm, 1 $ol BY

O
Z__

At
=}

==

Zoz Hud LPPE butt-gap 1] mmE 43}
Foll oF 30 %% o2 6 e e 2
1 AolE Wi AA JFES FsAF A
Y d9AE BAEAL g2, ¥ UxAdF

B W oo o 0 Hy oo ot a2

1025

AN AR g8 =2 A, A20E A113E, 2008 119

S YR wEAZs FYF WHLZE  carbon

paper 2 &% LPP 6 & Hd #uo. 18 12

AC 2 Impulse dddn 8oz Azd vjvrgd

9 AFEzZ @A DolE 400 mmolw FEdole

50 mme|th AFe] AL ® LPPE ARV ¥
B g 105 ColM 4 AT B¢ Axstd HdAY
—E— 23 AASA

400 mm

125 mm 50mm ) S0mm 175 mm

High
voltage

'
-
oo
o
.
'
.
'
'
)
—ﬁ:_ =

Carbon paper Il Butt-gap

a3 1. AC 2 w2~ ddgag vyrd9
M=,
Fig. 1. Schematic of mini model for AC and

Impulse breakdown.

2.12 2ZMEE oj 29 M=

O 28 2248 vURde AF Ao
Ere cHAdHdAZoz 27 25.5 mm, WA
235 mm, F7 0.75 mm¢ ¥ £ Ue FEH
o, FEREY AAAFTES HFAFV] AsH
carbon paperE 5 % 7#x, 1 $io] LPPE AC &
dAgag vuyrds g Wyes 7t ¥
9] & Zole 1 mZ 83 4A 39 F 8 &
SJEE g oW carbon paperst LPPE 599 400
mm7 Atk AelE BF ri FEWNAH RS ol &
sto] Aol B9 FEWA WIFR/MY BT 5
qate] FAFOAEA Y Z2IANE PPA E31o

EWte] 2= AT 9 Fd AAE 180 THY

LPP HN

Carbon paper
k=Rl

Carbon paper

kol

LPP H M

au=g

0y 2. 23 498 MURde) Azeg
Fig. 2. Manufacturing process for bending test.



J. of KIEEME(in Korean), Vol. 21, No. 11, November 2008.

T dHXE EAANI 2 A e s 180
Y F oz EAANIGEL o 27E 23
B3l HAAELDL 3 3 carbon paper® &
ZA20°7F carbon paper 2%4% Zgth zElx
carbon paper®t LPPE Z& = 9% 400 mm
€ ddstd AC HdHHE vUrdy Ege
Zdo)2 e}

By

-}

+

e

22 MEEX U uy

a9 38 APFAY NHFER cryostaty A
< 2EHRJAH 2Tl Alelo] WFFo] Y& oF
TZZ2 9FYL 29 LN AL Z 4+ YA
Hojglth. FRP2 A" AF Z:AX9 cryostat
€ 7Ee A8 F de 72E dAE 2
g Hdl 05 MPa WolA AdL & & o} &x
o 7]&9 BaudA 0.3 MPa o]4e g A
sty Agte] TaHE Aoz BuHo oW A
Yol e 0.3 MPaolAd EE Fd9a 4388 39
7] AlFE vyEd AolBe mAge) Qe
el shel w3l LNoo| A3 27 A
g, BE AgM nyrd FHolEL LN; W
A 283 IZAZHE, LN:9 Ad 78S 29
cryostat WH-o o] A EE slgul. AC
AYL H 100 kVE 1 kV/secd] &5 2 AYL
A A AT

L
i

Cge— H.V. power supply

Evacuation port

E ] — Vacuum layer

900 mm

— MLI

[ Specimen

—— Inner tank

3 3. 48R A=,
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Fig. 8. Photograph before bending and breakdown
after bending.
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