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Design of 22.9kV High Temperature Superconducting Cable
Considering AC losses and Stability

H. M. Jang, C. Y. Lee, C. D. Kim, K. D. Sim' and J. W. Cho'
LS Cable Ltd., Korea Electrotechnology Research Institute'

Abstract - High temperature superconducting(HTS)
power cable system consists of HTS cable,
termination and cryogenic system. And the HTS
cable consists of the former, HTS phase conductor,
electric insulation, HTS shield and cryostat. Taking
the advantage of HTS shield, the cold dielectric has
been adopted. The phase conductor and the shield
have been designed to minimize the AC loss below

1W/m/phase. The former has been designed to
transport the fault current of 25kA, at fault
condition.

This paper describes the design process of 22.9kV
HTS cable considering AC losses at normal state and
the stability at fault condition.

LM B2

DAL FAlo)E(0]3 AR FAolB)e FANH
Ql A& - giF AGAclBaA AN AFHEE
AlolEeol FRZAN ZFy Utk WF DOE KA ¢
wad 2010970 nexAE AR 48317} o
2a Aoln, 2 F ne2xdx AFYH o2 F&3 7}
FAel o 2 AR AY A7I7F 7 B AL R 7]
sz 1]zl

2A%T FAolEe A43E e 7&3A S
A A7 AN grrt dAs o ok 2P Al
ol AMAAL Lx(77K) o3tz YztH o] $AHE7
o AR AojEe AF Yolx FHL LA
o] NFAIT ARG 2AE Aolye] AHg-5le] B
g & 4 o WAz A FHE M
ZAe 2 7Aooy HANE T 8FHAN, 7
A FrE gaiMe e nasste &4 24
= AolBaly dxsly HAFr a7gg 2R A

ojZe] HF £4 F afF&Hol AAsle HIFe]

50% olaale Zeterd wRedel A slEel Aol
B AAAE 2 AR Bl oA 7 el Bt
@ % o,

B =R 22.0kV 2H
g1 Zwo)q AR
A

T Aol A & BAA
g AelEe] As dF
zAZA L] AARA

Mz Flojge 7= HE

ol etelnt 1 MF
AzE duEe AFE
as

HAZ9} v}27}
Az A% A D) 9o,
a4 1ol Ueha 3 gol ZHE AoBE FAL 4

A2 §AAF] AP FAL Wole) FRANY AL

WE7E ¥ BB A2"(Cryogenic system)2E
TAED B =EdMe AL AolB AlxHe 74
84 F XA FAolEY HA 7ied WM FHFFHL
2 7lgsaz s

ZALT AolEe A AL A 2 Py, A/HEA
I gAdTrzZ A9 Utk 2= AolEd FH
E A7ddd) mely A2Ad (Warm Dielectric)
7} AeAA (Cold Dielectric) 3¢} AolEE FEH1
ek o] F 7HA AAuAY Ao wE 2H= Aol
B 3z By g £AE] zlolzh A7) wWE
2AE AojE9 71&3, AAHQ HE st 4F
@ "gart i3l

AAAR AEA QoM $£A1EF iyl AolE AlxH
d A8FHe AAZIARG ople MA EXE FH(d,
309)7A el AL wEA] mEsjel sted, A
FHZe B4 70 71F 2 9L nAe A
‘AL o] Bt §=e] AE, M-S HFEF drA
g FAoE $ujAdZ 27 60 T 0% o1 AT
o] 9582 dEA £33y =44 8E 23S
o) A/ £Ho] sHsd AeAdwAe] Hr}
AP Aoz Algdoh

o447} e AEZARE EQE, B dAFdAe ER
2 3= 20kV, AL AolE type2 laminated PP
papers A7|HANE 3t AAZALNIE o] 83,
FZole FHL Az FAAT= A Yoz A
Aok ®§ AolE MAHFE 2%Vele wlAAUd
£ARTF D A2 FolAdL nste] 17 29 Zol
compactd 4H4 # o] E-(three core cable)2 &ttt

a9 1 235 Aolg A2d FAR

Jacket
/Outer cryostat

i~ Thermal insulation
\\ - Inner cryostat

Cable core

O 2. 22T AolEe oY 72

- 1210 -



22 2M5 FolEe BHESA

AGAol 82 IFATY FH dAs] E=H7 o
B =Aos FJAH nFAFL FHEd 1&g AH
E FAeojBoM dAsE £48 A AYEY, ¥4
£4 9 NzE&do] itk Alasde A w4l
AFAEo 2 QI =4 o2 F& A FEHT
AFo & Joule £4-€ T} Aol B U
Me 2AE AHFo] BFRE] HE fEHe FAg
gtolF 7} g Alasde 2R gedh 2g8A
ERAF A% wgALL 2AEM YR Ay I8
87 Hol 2ATAMEe At B4 AP w
F&4 (AC lossiol BAsHA Ho 2AXAY wFHE
Ao ZAREA BFATG] 23 FHEH, 2T
HFE2HE A o8 Asked g 9F3F &4 §
o] Utk I WFEAE 424 WEH7 Y 24dx
Aolg-e dAgANM WA aY §F 4% A Fo¢
Az A g8t

g 38 20043 S Az AEE 229%V, SOMVA
ZRAE FolB AAFE A ¥ HWAEHNE ugos
28 Hoaadyd A% Aol 4L gEwe
Bgeled Jeld Holth /8 £4ELE F kmel 2
Ax AolE dzaz gsn ALENT 1¥ 3802
Re] 2AE Aoy AA &4 F nFdyel Ak
HlZo) 509% ©)H1W/m/phase)d& & & Utk weky
WaA A $335 AAH] AALE 2HY o
ZAE Aolgel AAd sl wF&AY Aol 1 9
A7leolet & £ Ut

SR & soint &4
LN, &g (7.4%)

a¥ 3 23x FAolEey &4

23 2Hx FolSo| X3t o

AYAFAN B Fo Almrl gAske B¢, 2
& Aolgo] FAAF Fujoln Hol £Hul NHF
7t 324 ") olgid giAfel daldz AR Ao
Eo] $3171%S A FAE = dv s 9
o] d8sry.

A HF EUE W WS AolEo] AAEE Ho|
He UAAE 98 4+ 81, 23E AojES A4
B 2o d9 & 2gol YA Aol 2x7F FHS A
% @ & sk o] 2] Aee Yol Hug 2ds)
olz g8 2Ax A9 v % F=8 dESs
f2 & 5 U |A Aolde 2xidsol
o} A8 o4 BelM HFH oldr) HES ARBFE
lolgh Hart gick o difoz =FPo) R AU
5% ARAF) i shuntZ AMESHA =9 Aoy
2e] wds ZaaAn, 2AEA] YLARE ¥
AR BRI AAE F w2 Aol 27 2HEE 3
5 7 e Agsio

oo K

B3

3. XM HolE MA

3.1. 2F¥E FHog Aex=AH

200kV 2% AlolE Alado] Al AL 9
e 7IE Az g ZAE AolE T dA=
SAHoior 3, olgHe] AE FIFRE A8 B
o) AgkzAg e 74 EdE 7E Alays

TY3A st £ 13 Zo] &3

¥ 1. 24% Aol A 23

33 Uo/U(Um) 13.2/22.9(258)kV
BIL 150k Ve

FHLREAAR) SOMVA260Ams)

AR AT 25%Arms

Aeld Ho2l73 150mm_°|8H17» B2 7]F)
LN, AHA A4 10kg.f/en’

32 229kV =N HolE MA

3.2.1 Former &2
¥oje 2AE A4S 7] 943 AXY 489 B4
of AtnAFo e shunt(HAE EAEM 488 @
F JEE AAsgY G =AM J8E A
Me AnRF oy A gHF ooz dA 0
g} B dpdMe nAeAl SE4F #Ewd [EC
609408 Edi2 4 (Dol dAse ¢4AZ} =He o
HEg &3
It
S= f—— (1)
T+ 3
2| ST
K ln[ Tpkﬂ)
o714 S, I, te Ztzt tAs mae aeE Alnag
2 AT AF ALAME el K9 fe 47 a3
$& gste Aged As (29 Asmmd)et 77K
A9 =AANEgY 2xAee 4w Kolv, T, T;,
= 47 271259 S 42x=E Jehdch
HE AR AlY] AR Fe BkA DFAF A&
He 02522 &9, Aol 3ole] FELEE AAA
A /g 3bardlA B 87.9KE HASET. o3}
=39 Adg FEe 3NE 9, 4 (1)& 8 ¢AE
=49 9RAS 150mm’e yskyct
W AAAE HARF A A ool g€ ¢
g AHF &40 AgstA A & & Uk Evg
AAF £4E Boly] dsiA Pl Eojg] 2z Ty
of ul3) AoiEoz Ao & Fg FI=AE A4
e o AAsI

322 =¥z =H 9 X

ZAE AolBolMe =4 9 e AAle Tt
SRV FE AHET AT AolBdMdEe nEda] g
2 712 EAe] led, HRAHA o] dHF FHd

& A% I nFsyold HEaZog HAst A
Mg 2AE £ glo] 259 9& B Aol B
sl F4olA fjEog ZE Qg Al Fopx|A
At 2AEA ] AFE A “0Polgzn 4 1H
Hag 2 29 gugag A4E § glen, o 3¢
e AF/ SR Peo] B2 BFE Aol B4
ato] HF £ FAAAA Bo 0 2 add
£ FYsA sld AARFI WE AR TLEA
B A A e A &zie] B sioH4]

RFEY ZHoN B o 23E &X 2 XHEe
gaee 2Ax AA7 JgE Fxo)7] wEel 23X
Aol wHEHE ME xEx A9 AU
(self-field, &= FAGauss) &4 FEQ) ool =t
% Aolg FedAM FFAFIL FHE Hole 429
2R HAAEe] F9 Aol s gA=HE % 9
gog A7AA R 2L 4714 (2F 200Gauss) Sl ¥
olAl =o} As&EA(hysterisys loss, @) VA =7}
7t o ek weid IREA(Q0E FRFLE &
& e 4 (9 2o 2Ax A ArAeA
(1% )3 RzpEdo] §A neisojer gl

Qie= 3 Qu+ Y Qimmmmmmmmmmmeee @

- 1211 -



B aZsdel AHEE AMSCA 2FE A9 A7)
A &49 233} ALEANE 27 49 eI
ot &4 A4 Nomis 4 (4] 3)&(5] o]&3td ALt
3tk 4 (3) 2 Z3AREA ¢ 5 YRl 2Ax A
Ao nFEde AA FAAF AT viHste FI}
gt} 22eE e 2AE IAZ F4E EA9A
Ztzte] Ao FYF AFRVE wiEE Ao AolE
AFEHo] HAEEL & F g g AP 2
T AAY FFE AR AolEe HFEFS AR
31 AFEAE A48 YalA 4 =AF9] dH-
27} Y A28 7} F9) pitchs} WIS A
Atk ®3 A& (magnetic flux) P} A7E n#sS
2713 HAL HUF JA 5 AEE dASHT

2
o=l (o )R 20 - PR - F) @)

371*‘1 Fre BA3Fe] sax e dAAR uleo]

A

AMSC SUS-Reinforce
Wire AC loss a1 60Hz /o
—w»— Norris Ellipse
—e— Measured Value /

DCU=LICIU 1USS (HIVY /it
~

./l

04 1 X} 1.0

Normalized Transport Current Io/lc
Y 4. A% AA2] AC loss(AMSCiit BSCCO tape)

323 F2|HEHA

AolEd A AAFAE & 2L 7Fezs 4
A&t

) 71 AC WALANE U7I0S w, PDEFEEA)7}
wHAEkA] g ZA(APFHoE 24kV/mm).

i) 718 Imp.o) thal FAa7} oy @& 2.

AARE 9urAQ) kraft paperoll vl 2 EAo] €
23] £2% laminated PP paperE® AAslgch. H3F<9
AG MAE 93t LN: WelA laminated PP paper®]
AC ZEd5a 2 PD Al 2 tanfAlE 52 AAFA
t} 2 AP AFERE 20kV ZAE AR HIF
AE 468mmE AL

olite] WL ozZHE AAE 220kV, 50MVA 3%
Aol cored) F2& 19 50| JeERRATE AC losse
AAAEE 4% 1W/m o}slo|t}

Former ~ ANE 2R
(Stabiizery  SHIE BT

a3y 5. Z22AE AolE core X

3.2.3 Cryostat A#

Cryostat®] AAldls LN; #+5& =% &8 &4,
g 2 QR sl did 7Ad B4, Asd AT
EN7 g4 Fo] BgHoz mEHojof itk B =
FoMe AlE dALE cryostat BAE A&

o] AN HEHoT £EH FolY X459 LN,
$FL 71F 02 YX cryostatd] WAE AL A
AL Aule) A NEE 9 FA R FE £3E
Adg 5, AW JgE S FAY £ UAxE LSAMF)
o] OF AelEe] XA & cryostate] 4A 71E(4]
D)6} FA)4 vlwstgen, o F AL FAE A
8 g3ty

i __PD.

356, —1.2p
7|4 S, ew, D= 27 3 8EF, 4 A& € #
B3 7ol

22 sheath?] 3% W cryostat®] £73& 7EL
MLI(multi-layer insulation)$t Z#o]Ae] wjx& 1Y
T FRS R AAS AY3HT. 9% It
3 HEZEHE Jud £ UEE ol 4 B)F AHE
sl 33 ZA9l, XLPE #AlolEel dA71Fog 73
FAE vmste o & gg A9 g3k

_ 2E(t/D,)’
pz - 1 _ V3 ________________ (5)
714 Ex @4AS, pst De 47 9% 49a

101.
& Ao

43499 AAle AF 2 ¥ MLIAA 2 5+ 3
< W, 9% cryostat7t BA} 43¢, dif gAY, MLI
g 53 1A Ax 9ALS 1HI ALHE AP
ot AZE 75x10° torr, MLI 15720M & AHE-8S AS
cryostats] @€4-2 1.5W/m \utez A5t

.48 E

2 =FdAe A4S B2 LSAXA(F)9 d=xH
71974de] 5oz AY F 2IHxE AolEY ML
H}A Z 220kV AolEe AA7E s 20T
1% F8% Ygs 993H oS g

(1) 23 =& 2 Ay dAs AFY RAEER
& AdA3lY mHFEAe AZHIW/m/phaseolsh)S I3+
ZAc 2N HZHe Hx9 e AN

(2) AFAFANAN G F9 Almr} A ALE
tu)sle A AolEo] $£ANFTE I /AT
F de ¢As dPyezM EnE AASAGD Al
$ kA, 025%E ny3 T Er9 dHFS
150mm?s. A4 H Aok,

£ A7E FerIeREw 2C ZEEITNLAL
@’} d7ul AQel st Fu FAgHch

[E » 2 8]
[1] Haruhito Taniguchi, 'Expectation of Superconductivity Ap
plication to Power system , £ 11'd ERB4E2EAE, 199
[2] Joseph Mulholland, Thomas P. Sheahen, Ben McConell, *
Analysis of future prices and markets for high temperature
superconductors’ "DOE report draft, 2002
[3] Superconducting cables impact on network structure and
control - CIGRE Task Force 38.01.11, 2002
[4] J. H. Joo, S. W. Kim et. al, "Pitch Calculation of 4-layer
HTS Power Transmission Cable for Balanced Sharing
Current” Journal of the KIASC, Vol5, No.l, pp. 35-39, 2003
[5] W.T. Norris, "Calculation of hysteresis losses in hard
superconductors carrying as isolated conductors and edges
of thin sheets”, Journal of Phsics D, Vol. 3, p.489, 1970
[6] Randall F. Brron, Cryogeni systems 2nd Edition, Chapter
7 Cryogenic—fluid storage and transfer systems®, 1985

- 1212 -



