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Analysis on the Limiting Method after Half Cycle of Hybrid
Superconducting Fault Current Limiter using Simulation

*xk

Jae-Min Ahn*, Jin-Seok Kim*, Jong-Fil Moon®, Sung-Hun Lim", Jae-Chul Kim®, Ok-Bae Hyun™, Kyu—Hwan Seol
SoongSil University", KEPRI™, KEPCO™

Abstract - The increase of fault current due to large demand Aoz Hi AAFE 12949 pHAL B3 a2/ Ar} sk
has caused the capacity of power machines in power grid to E2AH ] af A AR o] He &3 MEe uAAFE A
increase. To protect the power system effectively from the FAsA ) g8 AsATt oy 3 =L £ dtolByr AFA T
large fault current, several superconducting fault current 71E W7 & Ao g ARE AsEA wr

limiters have been proposed. however, in order to apply
superconducting fault current limiters into power system, there
are many problems such as cost, recovery, AC loss, and [ 1 HSFCL

cryogenic. In order to solve these problems, hybrid | |
superconducting fault current limiter(HSFCL) was proposed. I | [_l—_l |
However, HSFCL also has a problem that is protective | / -
coordination in distribution system with HFSCL. In this paper, | Mshum DrWE|CO'I_|°°'I |—Li m(?ﬁ;rgn; art|
HSFCL limiting after half cycle modeled and analyzed about | __ — i}l_
protective coordination. Tom | lsc lor = —_
1. M = | 1r—ast Switch_ |
i Eom
A&AQ AYFace] Frteh didy BHANTE Frhdel b Ay
A% B89 ke dgdoR Qe uFAFIIHE oA ®
o ATAA 92 WAARY & S AT SUHE HEEEta o
o AR Sk AYATH GHEY B EAl A7 A = =
S FH AEAn(tgy], g2 W7, AR F)e dEdE SR gl 1) sjo|Ha|E =ME MEF|EH7|o] HIZEY| &
A3 WAEZ EZFEA st o) B H g xYSTl] o o st=n 5
2 2FAFE A A8 B A9 ASHL 1 2HE & e
A5 o] &3 o] TR AR AFATINF At Ak [2-4]. 3 2.2.510|HB|E ZME MIHEI7|Q| HIZ)| & shEupA ooy
A% ZAE AFARIE AGAF HE57] dAe BAA, & SolHE 2AE AFANNE A AL 2R, 1&29A 1
54, awfed % 97 5 we FAS A Aok oldd FAE 3 ggA@RRoR U & dnh 2% 24 £ 2L £
A237] S8 soluels 2AE AFADAL AGSALL FINAE  nag gl <4 >e 2A% 249 54 dein
EUE AARIE AE 2L SYATE DG AL 49
sto] 2AE ARe) Agel 71E 2AE ARABA A s AHo Rt 1,.)=
2 Ao AA4, A%EY, HFEA 2 WA 5ol ustel Be 3L el D

o:

AR 9n A83E s ASAE B skl e ol@ 2 0 (t fqu> D
A7) HAgr)7)9 sz dEA

e
59z 2 A% oW JFe WA

E A 7)E BE79 B b=t \]°
SR et et sl A TG P R L P R G| IR ST
H'L‘]'—_ N ]xéa ﬂ/\]o (}i [] ‘/\E ] /\]’ioﬂ EHﬁ]' EHﬂ;JE—-‘-?‘— E‘}‘T‘ﬂ isl"?r a l(t_tclear)+bl (tclearft<t2ndrecavery)
H}N 0] Xﬂo}g%q’ % E&%ﬂ}‘i"i‘ E}O]E‘ﬂg _7::@];‘_ Z\j%lﬂ§l—7]9’] ‘ﬂ' a Z(t_ thdrecovery)+bZ (thdrecoVery<t)
F7)1 F i diste RdFsa AL g HEPXE (G
A et
ZFAE 2 o] wAste AFA{FIF JAMFE 2HeH AT
2.8 E ol AFFea dAsE 1] AAYA 1243 5S a194 7172
2.1 3|'0|EE|E =HE HFHE|Q BE)| £ st SF Eg‘ 3| &gtk 23 352 2aF 35 A b oEzt HW 294 71&7]
solE ZAE ARADI = 71E 2AE ARADIG B2 2 2 3Ba) Folns AT ;ﬁ_ﬁ,xﬂa}ﬂ o Wy & ERuAe 1
AL 227 3 ﬁ?‘r% A gak sa A FA A 3HCurrent & 294 AL FERY 52 AFI 1FA o =W W
Limiter Resmtor) of FAFE A}, sfo|HYPL 2HE AFA S el od SRR ndsyn 1&29%9 a¥dE AR} 0
71 T I 1 2, of B &7 AYHES vy S
A= o*ol*] 2AE 245 Fd AF7F B9 o A%
27t L= AR7F GAARF olstolr] wel deé EAdglo] Fs) 3. Ao
o A8& FFdth 1 A ZAE Aaxbe] JAAF o4 HAF
7F EFHW AL A AA A Age] B 1A FE FE 3.1 HiEAS E%Ec!
FY(Drive Coi)ol 524 Hoh Adoer A% 2x9 AF By a9 28 AR AFAYG BIAAY] HAEE 93 AZ wjAA
e QQIEAE R FERY o B AR7E S8 whge] WA TS UBY 2AE AF A= W] 235, dAMR IHEs
Sl o] NhE e N&EAAE FAAL, & 29029 bP A2 aF £ 5o A& F glov ALHe AAol w 37 24 "ok



[7. B =RdAE 245 AF A2 ¥d7) 243 4ga9h
< 45 [MVAIZ A8 a 39 1o 9 [MVA] 99 2
of 7 [MVA] 39 3ell= UmA 9de REE5 FF3k] 29 [MVA]
g ARz gor FAF AAVE mdysio[5] H43)
A EALY AAANE Q] 6 FEEe A9 279 gF
A5 AEaA 1% AAE 99 1AM mostd sojn= 24
AFAZ7 9 57 T AF Ao el B89

Foeder 1
Akm m 3km
MTR |

fault Y l

SHIVA ANVR
P1=0.95 Pf=0.99

B x2

Feeder 2 3km Ik
A R
Lo
AMVA MVA
Pi=0.92 P=0.95
2k ZONVA
Feader 3 Pf=0.95
a8 2> WEAE 7YE
3.2 IAXA
R e s

#7128 W] 245 484 g
dete] Bajegie Bl A
1e @4 A=A gl Ageln

ARE HAZTHEL = AAA A

7E AAAA

wa g [AFIMEIV] AAW BYVEAR o 15
o] 4

@A W [ Auradn « 15004
WAs 9Z4 34 wetdndlAd 05%

@AM |Goeyolsh® B4 (3 Ax7 oA 4
$ 062 o|3}

<E 2> B57|7] MR

TE YHES g HAF AR
F=A 9 65A(600/5)

TA H 45A(600/5)
A 2l v 4

3.3 Aol
PR AE B F AReAe 2t soluy
@712 FU) 2930 Ao 3
a9 3% 2k 23 HY@)E

]

0% A% A

=
3 A nge molsgn. dse
=

H
7] degA 3ddE ugA EARAEAE 2aeto] A AA7I(6G0)7}
ERNZE B 3 F7] F A7t e %

ARARNE AL 4
Ackaht wE7] Bk AxA A7
A% B 39 :

E = gt
HA st st Ao® AL
Z7} o] Fof A= A& wdtt)

o o r|r wlu H

A
@718 WAAE) A8A BEYZ oG mATA 243
Stk BAARE DFAFE AFGH FAY £ALL BEYRE 4

yHom olFolAt AL FANYT L Rl BAL skl v
F7) & gRuae) sones 2A% ARADE RdYsdn 0
7] % WAAES By Sk EF B =g waAEd ol
ues 2% AFADY] 484 REgzd U 1 AR e
Ao g Algdrt
30
o Fault Gurrent (without HSFCL)
< 20 / RMS(12 sampling for 1 cycle)
= A/ A AW
WA AN AN
T
el [ U,
] al
'Z) T T T T T T T T T T T
30
0] Fault Garrent (with HSKCL)
< (12 sampling for 1
210- RVB(12 sampling for 1 cycle)
£ ol /'
T
L me VOV .
'Z)- T T T T T T T T T T l|
048 050 052 04 056 058 0.60

Time [s]

<8 3> BFEI| £ shRdAlo] HSFCL HEA| Ztuts

#Atel =2
2 ATE A7 Z2E AT AR AR RAE $&
e A dymA el os FREAFH

[1] AE3, ogt “A
pp.19-31, April 1998

[2] T. Hara, T. Okuma, T. Yamamoto, D. Ito K. Tasaki, and K.
Tsurunaga, "Development of a new  6.6kV/I500A  class
superconducting fault current limiter for electric power system,” IEEE
Trans. Power Delivery, vol. 8 no. 1, pp. 182-192, Jan. 1993.

[3] B. Gromoll, G. Ries, W. Schmidt, H.-P. Kramer, P. kummeth, and
H.-W. Neumiiller, "Resistive current limiters with YBCO films,” IEEE
Trans. Appl. Superconduct., vol, 7, no. 2, pp. 828-831, Jun. 1997.

[4] W. Paul, Th. Baumann, J. Rhyner, and F. Platter, "Test of 100
kW high-Tc superconducting fault current limiter,” IEEE Trans. Appl.
Superconduct., vol. 5, no. 1, pp. 1059-1062, June 1995.

[6] Sk, XA, 5L, AAE, AAE, 723 S, “afHAE
o A= AF A}yl HEA BR3Pz 4" A 578 Al 53,
pp755-760,2008

[6] H-R. Kim, S--W. Yim, O.-B. Hyun, J. Sim, and S.-Y. Oh,
"Analysis on recovery characteristics of superconducting fault current
limiters,” MT-20 Conference on Magnet Technology

[71 H. Kameda, and H. Taniguchi, "Setting Mothod of Specific
Parameter of a Superconducting Fault Current Limiter Considering
the Operation of Power System Protection,” IEEE Tran. Appl
Superconduct., vol. 9, no. 2, June 1999.

[8] st e AL wjd A, “WA RS 7] %A, 1995.

gAE 1A F St d&wd”, A71Ad,




<<
  /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


