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Development of 13.2kV/630A High-Tc Superconducting Fault Current Limiting Coil

Chanjoo Lee”, Hyoungku Kang®, Kwanwoo Nam®, Tae Kuk Ko™, Bok-Yeol Seok”
* Electro-Mechanical Research Institute, Hyundai Heavy Industries, Co., Ltd.
** Dept. of Electrical and Electronic Engineering, Yonsei University

Abstract - In this paper, the development and the test of
13.2kV/630A high-Tc superconducting fault current limiting coil are
described. The fault current limiting coil made of Coated Conductor
(CC) was fabricated with bifilar winding method for non-inductive
characteristics and tested in the distribution power system level in
Dec. 2006. In order to determine the length of the superconducting
coil, applied voltage per unit length(V/m) was studied analytically and
it was verified through experiments. For the volume minimization, the
coil was designed with concentrical arrangement method. The
short-circuit test was performed with the prospective fault current of
asymmetrical 10kA whose maximum fault current was 30kAps. In
the test, the voltage drop and the current of the coil were measured
and the resistance of the coil was obtained. Also, the temperature
rise of the coil was calculated with the relationship between the
resistance and the temperature of CC. In this paper, the experimental
results are analyzed and compared with the simulation.

A me AndR A owA )
Hoz WAAEE AE L 5
74 WA 19 el

AASES A 2 A

o] 2004l =9 FZK+= 1 kVE #i A5 ﬁ%iﬂE Eis 7]
g Ndste] ATAA AFEE dEHoR —r?f}!o}OdOU% 110k V=
AAEE a&xAe 77 NS dYstar Yot v °1 IGC- SP—

e *XM]EO] 138kVel A-gA1717] 9 %EXJE AFNE A
sl glow, 2000974 AAlE MEE BxE gt vk 1 9 59
9 Slemensb} o B9 Toshlba T A A 7]%]4]01]*1‘: "’iiﬁE
G477 LS APsta o2l Tl = XVﬂEHiXdEg*'lﬂEﬂ“‘
At el 2¢kAl AR (2004 7% ~ 2007 3¥)S &9 duF 7 4
Adigt, sardgaaa LSakdoe] 247 b £5 9 Hﬁﬁﬁ]%% i
22AE AFVE LY. 2 F AddTEde 12xA1E @77
= AAHZE 249 A= AAA CCE &A1 A= 20061 12
9 =4 NS Ea BBEN W HAENS A=3 .

AANNA D2ZAE FFH7 7H“L°ﬂ g Ag ol %
Fokol hot spot 59 FAIE A fste] 24U 2AE XA
st B ﬁiﬁi A3 24 2ALE A4 AAAN 9 &
] ASHAom, oo ue} WAy vtk GFaAE 24 0] ** K
Hote] 7t o glet,

oM AAAZE 240 A4S F43 wjd

H SFad AA 2 AR aeln g5 st

1t

-

o,

2 Olr =2 JU'
ol
o,

ok rlﬂ:
515 o rlr

ﬂ“ll> tr
e
o

N
o
-]
H
ok
U
kU
ne
iz

2 A

A
n
K ek
we 3
lo HI
ne
= X
o =
"o,

k%)
oF
iy
[T
2
ol
o
L ofN
rlr
>
f
N

E‘.

e,
ox
ol
2

N

i

gd

~

Bl e N
oo =
=12 HT B
ok
(i

o2l
ppnC]

()
= E,CL
o
ro
N
)
i,

PN
L S

¥o,

5

~

T
> &

2o

)

>

s Ho
al mi
2 &
l-NI

ol —Nl
i

lo

HU

=)
ich
o
=.°=
OM
b

o
)
BN o

N
-~

e o =y °
ma e £lF

o

>
S
off
o
-

ox
Ho
[
A,

_7,4_ icﬂoﬂ z%ﬁz%Tr
RREde ALINNES
g ol&ste] 2
aho} theat )

=
ox
=2

o3, O N 34 > St o,

B
P =
2l
T
=
mg
10, df
oflt [
fuj
i ll:z
d °
=
2
SEY
b=
ko of
o it

E
oY

2.1.1 QHHsia Mol oS V/im ¥

20069 Al 2AH MAE dEez AT £ e 2AE A A
ZAE AMSC 9dl& glglernz B 3539 Azd mo= AMSC
-4 24 AATS aEdeR g9tk AMSCY 24H AAlE T
= oS AR S 344 A A9 stainless steelS oHA A E 3= 3448
AAZE deh A 712ATE Bt 344 DA V/ime A A T
7b 593 344S AA oiH] <k 2‘5]17}”k 2k7] w3l 6]'%—’7"—%] A28 o
2E 344 ARG 3448 ﬁxﬂﬂ o Agsithe Ae] ¥a A T3]

344S A Aol AL-g¥ stainless steel?d] F7= 2511m/sidei UH-r e
FAE 7R ok A SA Y FAE AALEYA D= EY FF
o} #eEo] A x5l de¢S 7| AR stainless steel?] F7
o W& V/m ‘ﬁi}e gfefo] F Q@ &}

a9 18 @A 2% 300K 52A7F 100msec?] %71 sholl A & we

bgshAle FA WPE V/me| ¥3E HoFE adolth, addA B
ol AAY AsiAY FA —rﬂ%—’?% V/m7} ZF7tetehrt 100um
oo E E5tH 7] AReE AS & F Ak o= AAY VimE 2
it 29 F AAE A 0131 B4 S5l S A g
S7H gl stainless steel®] FA7F F7kEel whel 27 stainless steel
o HAEg 2 ude] A7 WEoE FhEry Ed stainless
steeld] FAZF FAAAN 2HE AAY bendinge] oiHAAE A&
7ketsle] stainless steeld] FAE AAste ok drh. mEkA  stainless
steeld FAE @ WY 150um~200um7b A9d Aow oy
AMSCY] 344S AAlE 71E2A o= 25im F79 stainless steelS M4
AR stnE E 2HE dFIY MM E 25um9| stainless steel
S AAIARZ s 344S AAE AHESH7IE ST AMSCE] 344S A
XH«] V/mE oF 402 AxESow, oo ueh AA shte] Aol o
330mz ZAA E] A=

2.1.2 ZAME| MRSH L IRSAME T
B d4E B3 ptd 12xdw 7
344S AA19] 65Kl A9 dAAFE oF 150A0]BE HA4d
7 WEE Ay oo} G dEe e HFTH] 7H53

ZAE 14"“7]7]«1 A 9 A FHAA 2
Fodt 2AEAY WFEAL A 93 23}
o 9% F V‘*‘i vyEd, & A7 e e
1> FhHrAelng A7|Agd ot &Adv EA¢
[4]. o /\1 Norris W44 & o] &3te] afF{s
Xé = tape @‘EIH gHg e
AFEAE AL 601
+7F 801”'0“*1—1*‘51 WFEAS
F AA 2o wE o AN *ﬁﬂ Sprfe
jong WA o wHste] FrkstA €
% neste] HEAA 55 82 75

Ol

T

N

o
re

o

Eh) 0E

o 1

ulE

fr =

roh
D
N
==
< o,
2
3

SR b R

ek
ﬁ%ﬂmmm&
3,

|
2

>
lo
o
o

o vl

30
0 100 200 300 400 500 600
Stainless steel thickness per side [um]

<8 1> stainless steel SFHSX FH0fl WHE V/m

- 943 -



5000

E

_ 43750 @
= 2
= s
g 12500 ¢
%) 2
b4 g
————————————— 1250 S

ko

=

0
16

Parallel number of wire

AR 2> HEM 20 02 R U F ML
<E 1> IR=ME stRIYU M7 mjaiolE
symbol o1 symbol a
(constants) o8 3t (variables) o8
P WA 5 8] k 29 A%
w A4 % [4.6mm] D Hozt 1Y A
t AAAre] & [2mm] n AR 1A | F
d Y 74 [25cm] R, Hzt 2d A
L Ad A Zeo] [330m] h 7Y Fo]
1.4
—m— 3 coils _
—o—5 coils
A— 7 coils -
—A—9 coils _
—e— 11 coils
—0— 13 coils -

Diameter [m]

Height [m]
<18 3> ZY 0 mE ZY =o|ef =H

Z A2 %E 2640m, AL 7D WFEAL o 100W7F Ik

o)

) X

A= Fach E 13 o] AAd AAWse 4 (DI 22
A Ag o] gt 19 3% e 1Y Mg wE 2AE dF2
do] Foloh A7 g FIAT

- 1 Ry, L 1 A _2(h—w)

k= \/(2 d) mnd 2 d’ " Plw+tt) )

Y 2719 At A ZY FF BoAFE Folg AAo] AT
= A%s Uehde Ae %} A%t Yy 29 F FUhe AR
AARS Tt w2 e &4 Fh i Az b
&, AFHE 7 59 EAE A ]ﬂt} w}am 2AE 7YY 55

rL’

= =

R sﬂ, 1A% % 2A% 799 %07} 05m, 2HE 79 3
= )
= hal

o2 Adsgi}

2.3 =Mz stR3Y ME U JI2EM A

ZAE AAE Bile ‘las% Fiber-Reinforced Plastics (GFRP) #|2
2 Ho] qlom, ¥ Ado] ML E % t’*Eﬂi A =5 AT
AT AR AdE A7 ]% o] g3} E‘ﬂlc’ﬂ lﬂ AL AAE A
Mg & A714 AdE 93] Kapton tapes AlF3tth 1 & 9= Al
AL A 2dE 73S AL 24 ZdE AL F AF
foil#} +8 555 A&t ZY dAES ‘_755}01 AuE Fx2E &
Ak 24E Zdo]l dH F AN AP JAYE~E FAG
A3, 2474 130, 05uHE FA4H o S8 FHE 545 s

ReAAE BRIE AGE ZAE dRRAL JAN UG 2A
A e, 20069 129 BHA1ATA B0 ADFAA 1Lz
A= #7719 BIEY A9 SRt

3.1 RSy AHZY

BS54 A9 AR F 14 5] ol o 09 Agel Wstg

]
A4 100msec ol = oF 11.829] Xiﬂol A ol E 2%
ksl Al %7 1/4 F71 Wl CCo 24% AA< YBCO
OAleE RKS WA ¥, 100msec Eol& oF 240K7HA 9] 2 %A

40

= Fault current without SFCL
©  Fault current of superconducting coil
30"’“ A Fault current of shunt

Current [kA]
Current [kA]

000 002 004 006 008  0.10 0.00 0.01 0.02
Time [sec] Time [sec]

OB 4 DEEY Y HRDY

20 260
- Y
18].®  Resistange 2 A‘; % £ 1240
1612, Temperature o 2 Y 2 2. 10
14 a 7S N 200
- = SaE 4 - <
o 12 2 g& 2 ,r 180
g 10 1A P 160 2
5 A Yy T s
3 8 f{” - - J140 &
8 6 g 120 5
& £ . . [
4 N b 41100
§F a a
2Jg 80
2
0 T T T T 60
0.00 0.02 0.04 0.06 0.08 0.10
Time [sec]

<@ 5 HEEY AIE Mg ¥ 2ELE

Fol dolyit. olol weh Al kAead ALAFE LLZAE B
ol olal 36kAa AL & 4+ ASith ATS nEFze A
shof AL 15~209) A Aol AT AT ANl oA3fol ¥

[
kil
o

U

o

AN 200 AEAYE Bipls E2 A, 2o v
AEAGIIL o 45AS] AFE B2E AE @ 4 A,

3.2 CHIEAM A|ZZDIe} M| H|Z

@Fae HAS A% ANATANE ALY W0msee T A

2 exE 77 of 1303} oF 300K2 AAE Y. AE Ao} A A
o Apol= Al xﬂml 289 AAZ7F AASE 7t 2T dE
of dA% Ao Ao EF, 1AL fﬂﬁi%‘% AAT o, A
i Fetddle BEE gt nexd: dFIY UbEta A
7] W&ol AAl Ao Yehbe AEE tﬂOL7H 22439 At
7b neE A gfoky] WMo s ddEnh oAl Betd wxdE @R
AYL Lo g ofESs weste] AAE Eﬁ w3 4 gtk A
A AAR R QA7kE Ak AA dALeFES o] &ate] §4
gk A AFEA 100msec 0] A o] o 11007 A g AR} A2
e v & dAEe A B At
4.8 B

£ NLEAE BRNE TR AA R A% 2ol

Rk EEC EECC I ECCIE EL AR L LT

A3 A2 AAE A0R Hop ¢FuAL 44 2 a9 B
A=

i
S ehgsittal %E}JE} 2 o= AgE iﬁEf&%ﬂl% -
e 2L el CCE ol §d uFd 29 A, 53] =Y 944
of 9% e Tol &8o] 7.
&1 2 8]

[1] R. Kreutz, J. Bock, F. Breuer, K. -P. Juenst, M. Kleimaier, H. -U.
Klein, D. Krischel, M. Noe, R. Steingass, and K. -H. Weck, "System
Technology and Test of CURL 10, a 10kV, 10MVA Resistive
High-Tc Fault Current Limiter,” IEEE Trans. on Applied
Superconductivity, vol. 15, no. 2, pp. 1961-1964, June 2005.

[2] M. Noe and M. Steurer, "High-Temperature Superconductor Fault
Current Limiter: Concepts, Applications and Development Status,”
Supercond. Sci. Technol., vol. 20, no. 4, pp. R15-R29, March 2007.

[3] ©] ﬂ-r Lu]’ S AT, 2= A58 "YBCO Coated Conductor
o #AF EAMA", dFdrets] sAgEns] eds] =E5, B
A, pp. 693-694, 200613 7L,

[4] K. S. Chang, S. E. Yang, D. H. Jang, D. K. Park, M. C. Ahn, K.
Sim, H. Kang, B. Y. Seok, and T. K. Ko, "AC Loss Measurement of
Bifilarly Wound Magnet wusing Coated Conductor,” Applied
Superconductivity Conference 2006, poster no. 4LL06, Sept. 2006.

[5] ols4, AFE, 449, "245717] F2 detue dge] A o
T, SR AE . Xii*tf@]lév‘?ﬂ\] 87, 1%, pp. 34-38, 200613 3<.

- 944 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


