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The study on the development & chdracteristic analysis
of High-Tc Superconductoing Fault Current Limiter
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SUMMARY
I. Preject title

The study on the development & characteristic analysis of High-Tc
Superconductoing Fault Current Limiter

[1. Objective and significance of the project

As the capacity of the power system increases, the fault current is also
expected to increase in the near future. Thus, with the development of the
SFCL to limit fault currents, electrical systems can be better protected.
Also, this proves to be more economical than the conventional circuit
breakers with a large capacity. And through SFCL, stable power can be
provided.

At the present, the ABB company of Switzerland is in the process of
proving the validity of the SFCL, directly applying it to the hydroelectric
power plant. Also the Lockheed of America is planning to go ito
experiments within the year 1997.

The technique for the design of the SFCL has already been obtained
in our country, with experiments of small-scale SFCL successfully
finished. The knowledge of the past experiments is sure to be of help in

the development of the SFCL at the commercial level.
M. Contents and Scopes of the research

The present research activity covers following areas:



(1) to make High-Tc superconductors used in Hihg-Tc SFCL

(2) Measurement of transport critical current in the shorted-circuited
YBCO rning.

(3) Intoduction of design parameter and a charateristic analysis In
High-Tc SFCL

(4) Analysis of transition from superconductor to normal conductor in
YBCO ring

(5) Development and Experiment of High-Tc SFCL in test circuit

To make a good quality sample, the MPMG process is introduced.
Using the MPMG process, which has overcome weak-link problem and
enhanced effective pinning centers, YBCO ring with high Jc values are
obtained. The critical current of the short-circuited YBCO ring was
measured using an inductive, contactless method. The design parameter of
High-Tc SFCL which was considered by the limiting impedance condition,
the core saturation condition and the LNZ2 dewar size condition, was
obtained. The charateristic analysis of High-Tc SFCL was performed by
numerical computation using a FDM, and 1t anticipated actual experiment.

In order to find the characteristics of High-Tc superconductors, we
analyzed the transition of superconductors from superconducting state to
normal state. Through the analysis, the exact operating characteristics and
design were possible.

In the prospect of design, a unique model was considered for a

increased capacity with decrease in size.



IV. Results

(1) The umique SFCL model which is introduced the air gap in the
center leg has been designed, manufactured, and experimented.

2) A 200V-20A class High-Tc SFCL has been constructed, and
experimented sucssessfully. Also at the present, the 400V class SFCL is

under experiment.
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Jol B2 AeAFoIT

A& ¢t AR = BA EHHYL W HYHA "o HA gon A

@1 HAY PPN A olg HYHEI) U8 AR iE A& g0 A n}

FolF:ojol Fit). Al A2)I A 4.3)8 ATSto] Laplace transform theoryS 3 -&
&},

&g ofsl g}
(D) = 0, [sin(B— p)e

—(ny/L.2Z) ¢ + sin(wt+¢>—ﬁ)] (4.4)

g_': £= tan—l((ULmZ/ ?"1), L= (?’1+02Rn)/ azR’”’

Vlm ° Lm

D, = ,
Ny P+ (oL, Z)°

R, B4Ax 49 A&z oEsle HAx A¥oln.

wL,Z>r o ddtd g=90°cl1 4 (4.4)& ojze} #o] "
o(H=0,- cosqve_(r’/""'z” + @, - sin(wt+ ¢—90°) (4.5)

9lo) 4o o A 138-& FAFALoly, frrT EAd I gL =9A
294 o8 ZA HED A 282 A=Y €8 FAx EAE= AHA
£olg.

B2 HE A% 7]2 A saturable reactor7} wl1u|g Fojo] ¥ HEAL o] &3A
fEEe] $&dAe T3 FHAgT. 1 olfE t&F 2o ; DIANAFHY F
2489l 7+AZ Q13 magnetizing YHA7E IAAY dAEFA ¥A o 2) 4
&7 3 AnAFEE AFY £33 Ayl A% 3) FAEAAZA A A
NAEHT Folo] A7iXgol o o4 A FA oA AN e ARAFL



FadT.
0, + 0,9 A% iy 0, + 0,—B,S [Wb]7} EZA] o] AHo] d
o oj¢} L& Jod9 ALKl dgjye Aol E3H L, 43| Za¥¥R. ©

i &dEYARY HdAe g3 24
imax = Ni(@., + ©,—B,S)/L, I[A] (4.6)
@, B, ¥3 A&YE, St 39 dHF, L& T4 A9EHY JYEL,
0,2 3o Yo EAsle FFAEoltt. WM (sinusoidal) FgF Aol A 7171 0%

&7tel £9) 327 IFAL] FHe HUAAY W 7bg Hote] A7} Ak

3. &g 2 % &9

HREA AARE AFIR2AAN o goz AFEY. AZARAFE IE
44(a)~ (@)X BoAAv H3AE 18Qo|x AXMF7L 8001, AliZto] Ztzt 00,
135°, 240°Y W} AF FIAX+ 70Ao|th 270°d M= AEAFS FHAXE 13AE
FojEALY ol AluZe] wE DC A& Aol9t JAx ¥9 ALk
oo ZIRIF 2 44} 2 (45X HIAAFY A7 AlZo] 2, 3AHEH
AS W 9 &S Y. 1F71F T HA vace A7l 18 5 F4d
o ol AXx ZuEe wE M AT I el W4 7. 2F7] F,
SFCLE ZQEAE AIDAFE oA A9z 93 2AHE AF oz A
¥ 18 44dAA ArnAFIHIZE A7 BEE 9hg Ago] ojAXL A
g¥ol7] e 3ol
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- 43 -



: 0 ;W —-f;.:-h.lll-:‘-.: -~ i.. - l - i
€ | VY \\f \\J \ N
. , y
3——-20+ ——————————— \\ R —
! 1st peak
|
S B
60 I
0.27 0.30 0.33 0.36 0.39 0.42
Time {sec]

1Y 44(d) At ¥ G Z, = 18Q, 80turns, ¢ = 270°)

Vo 111
S
—10 : : , .
0.50 0.53 0.56 0.59 0.62 C.65
Time {sec]

13 4.5() AlE dEnd( Z, = 2.2Q, 100turns, ¢ = 0°)



i
n
|
|
{
|
4

Current {A]

10 e .. __... . st peak

—

_'l 5 e e e e - . U
0.85 0.88 0.91 0.94 0.97 1.C0
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1¢4.6(b) At ¥ SR H( ¢ = 150°, 80tums, Z; = 2.2Q)

AezxATAS vluste ReRATANNE AT ALt 2T FolEd
492 d$ g AT Po] AWARFE AT YL W A= Hol
e w2 dojdch o Ade FHAF wek F2AA YA Fas]
deoltt. 7T7KAMY nLxAEAY Hlde ALzATARG 49 o o =k
8B E XA £ ¢ A

BASAREEE VXVXE = —p-2L o 98N dildte 22F E-J o
QgL PNBZ di/dto] JEFB. AL Zo] 02U W, di/dte H27F HAD
dp/dte AU 9. AT Zto] 90°Y W dip/dte Hul7b HAT dg/dte A

otk ARHoz B AYHE FEEMITAFE AT AW £59 Foj¥y
o Apmzte] SEgTE RAE FANAT.
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H# 4.1 Cored 3L5F7|9 AL

Parameter ' Unat
Superconductmg ng T - ]

D, (outer diameter) ‘ 36 i -

P, (inner diameter) 23 mm

[, (total length) 92.67 nm

S (cross section) 19.6 mnf

Iron Core Reator ) -

d core - (total length) L 356 mm

S core (cross section) 256 mnf

N, (total turns) 80, 100 tums

7 (resistance) 0.25Q, 0.32Q
L, (magnetizing inductance) 1.32 H (no saturation)

N B e

dutzio g Fide A7IX3t € A7) dHEA L Aol A7 WFo A
7173 AR B 4 gl B FIFE Aol AEHAY Agx o7)
TE2x AFc AdA A9 AR Zo] 129E XIS J¥AI I FA g
A dag3el L e ZAHLE FEAEAN FHFdY, dag Aol dXE 9
= AEYE HIY 7 ok AT dE AR wsle o] X3} HZ34
¢ 5 ¢ F577F He vRdEgge AE ¢ F =)

@ o]i Fourier F|d] oJajA APHRE W= FFE FHE 5+ U o] FF
T 718 AEY A4 A 3129 T4, 5z F

5 1 37|17l 2ot ARadgol ASRYEG AT AATE dMed oA
< 7AXEY d &4 YEoln A uFALE

o }FEAE F&4dd E3ET
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shite] #lae WAo] YHshe d2oln sed daE B3] =Y Uk

S22E BE37] 93, 13 FEdAMe] AP M
Fe Ale 2AEAC Fx8 AFol o8 A7)

Az Azso gio P4

A dHE27) vjg 2

on 125 A4 AFH FAH AYd2e] EJT. AlTA] 2AEAI} JAAFES
ZHEHY ZHEA7} flux-flow A¥o] Lstd A W 4ol FH3 Z7}aHi
0. ToF A7|E37F 2ARTH FFo] TPHA Fe A2 AUAYRG F
=° X¥E A=29 A7|AFYe] A2z 227 AN FAZ WseiA B

Aze] F3o] AL AS R mmfe T30 YEHT @A @ %uto] Yuix

F4o) WFRY. 22me sed das TIE AP

g 4+ ok,
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2 22 NRXACEREI|0 SIS

3P 4.89 FAFZE MY F2E /AT Y 9F Hade 143HF 23}
AXo] 3 7Hed Fade T30 TYH Ao AvtHe g 3ad AAZAE
AgsA Ad ol AT 29 EFE A3 AdMs AAZAE A¥=
o] 7E A7) A (lumped reluctance)©. 2 571 3A7]1H BT, #7329 A
A 4 E ol &3 19 499 £ U AU 2 fFEEY A4S 193
71 A8 F42 Jdge 29 A HFgL FAFE SWI B3|t B¢ ATE AT F
= 4 @73 o] Ao

Lim= V1V (1/a*R)*+(1/wL,)? (4.7)

S, Li=NipottSarellis Ly=N{toptSerells» Lg=Nipon Sairlly
Lo= NZugu S, /(L—1), L,=((L,/Ly)+Ly)//L,, Ly,Ly¥E #Z 1%
231 23429 ¥4 QAYYA, [ L L1 £ 27 3Ae Azg 3 o),
Serer Sy £ 22 AT 39 VWA V& FFAYL, 0t 3AFHE, ok
XY, NE 1AZ9 AXF, gv Y FAL, p.v BAY AU FAE

281 R 2AEAY Aol

3. 2t &4

3 4.11~4.158 F3Y JS2AEHRVIY dFHEAL 49 dolgo|t. 1¥
492 Atiizto] 135°W W {7{F7] ¥ HAYH} HFolv 74 70V, 18Ao|th. A}
AAFY A7 T3S X YA &L AR AU|EEI} JHHHIL MY
o] A go] F7telHA HA A4S O9 4128 O 413 47ZF 7hedH g9
pick-up 29| AYF LEZ 19 pick-up ZUY H<to|t}
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a3 4.12 7}¢d ¥ 29 Pick-up coild] A
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7heH pick-up U9 AY A7)= FF0] fle A2 AV|EHIt FALWEA F
el 2EF ¥ 9 pickup U HYL F7HET. GFAPA AYH} AR{F B
¥ A2 HArt veived oA 2709 AR E VPR F5F TLRAXTR
719] Aot F30] e AR AFHo| X3 o o2l F 29 A7)A
g il 277k ¥ateg A2t 3R] WEHA €. 2228 JHe-d pick-up
2Y9] At &AL ¥A7 YA -

18 414004 231xH AR = S00Ad A AlFE I flux-flow 3o] TAFAN
B9 ARe FF%] 24280 28=Y 9 A7 233 ZA+ flux-flowH g ol 9]
of SAE ol A AP Tt WEClL. 2AUEHY AP e 2€AE 8%
2 & Ao 1874 e flux-flow Jej29| Hojojn 2dA= flux-flow ¥
ot d 4ol

2 O O e e 5 0
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o
Current [A]

~600 + : , T f %
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Time [sec]

:lﬂ 4.15 %Q‘@% "—‘q"aﬁ( Vl=].OOV, @ = 9()? )
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a9 4.15& FFAL 100V, Atz 90°0lx ALSF 130Y FF L22AETH
719 ggAgolth AnAFE ALAFY & 282 V&3 AFEY. T =
of 77171 St lined HRA 20 o8] AALHF{FE 1100 A BEE F71E A

oltf. ALXAEFRIIE 1/4 F7I199] AIZARE 15 A & AS3HA AT

% 42 38 /719 Ad

Parameter , Unit
Superconducting Ring
@ - B (oute; d?ameter; 64nn B
@, (inner diameter) S51mm

ls (total length) 256.3mm

A, ~ (cross section) 32.5mu

Iron Core Reator

d core aﬁaﬂ lengthi;; | 860 mm

e (airgap length) 6 mm

A core (cross section) 1225 maf

N, (total turns) 120, 130 turns
7, (resistance) 0.08Q, 0.09Q(@ R.T)
L, (magnetizing inductance) 38.2 mH (@ 5A)

B dEEFY 222AEFTF7 tiF 715439 83E A5 7|E] 4P A
A AFE A2 AETRVIBEYG & RIVIE AFSHA dPFA Uk A7 A3
TU AZZXAETFRIIE TFYPLE AZE ZoE AHE3 UG of 400VF
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E 43 AF A¥5 338 @579 AL

Parameter Unit
Superconducting Ring o
b, (outer diameter) 115mm

d, (inner diameter) 105mm

h, (height) 100mm, SOmm
A (cross section) 500m
Iron Core Reator

& o (mean length) mm

& (airgap length) 2.5 mm

7 (P (cross section) 4,900 mu
N, (total turns) 110 turns

O 416 3313 n %A
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O% 4.17 @A A48F9 e 35°] EUE AT 2XRFAETF7
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A7 483 2de 7129 2WEYo] ofd 2HEwbed AP, 23
CubeE YRS PHT FIF Fo AANAA TAAES A9 Qole wgo
A7 9T e, FAPRAE DLXAERFIS el A9 EA)
A gzl ALmBAA A RE YA DLEAEFFIS Feo] 2
gid ol FAYRANE LLEXAEHFIE AAFOSA Yehte 21HQ
AP 27t A EASA Gethe AL AvPT. GalA, P ELHA AL
o] 7b53e, HPFHoe HHL FIFUS AUe AL ¢ 5 A

A o] RS UFHAY0] 250 V . 7HA BAFRen go2x AL APT 4

L‘:-.'.

Fo2 JPAFo] o} 400 V A=A 43 Aoz o Z3n Utk

29 419 38 DLXAEARADINY AY 17
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1000 =100
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Time |sec

Y 420 AA 4852 2o AXAFT FEHY (Vi=150V, ¢ =90° )

500 —————— R 400

Terminci Voitcge

/ Fst }!\ r;‘ % ~ .
400 v -~/ m e reA T o 2200

w4
. 500 -llh—;f—_‘.__., S
<« i l} S B ;
T e l"ULU” Uo7 -200 T
C | W LV %
O
s 00T e e --7-----400 =
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ALY TH“L‘;“*"."* -—600
: w 1"1":.-'. ¥
o SNV
] Current
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a7 421 dA A¥5U Zd AAFY Y (Vi=200V, ¢ =90° )
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JPAME & 4 AR FAYY A YA ¥erng F713l dydL
© e A2E B4 dof AILARE L2RJBEFFZIZF AXHA FhS BF
of vl&] oF 20% +FLE AFHE AS €5 AN WA, dEFo] A ad
218 71 st dage g AlnA] zAdaHfE 24 YA BH A
9 &3°| F71818 AAnAHFY A7|= ol F7MEHA Hed Ad7|vhE A
B AF3 2 AnAFIE A2 o 3F71F¢ EHENTE ALHA FAE
zfgrr YA, IXZAZTTFIIL HHSA LAY RS &% Ad7|E
¥ oyt AANFARE tE BASEE JERIFS
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A3 d AHAFTAHE

Ho HEgsRd wel AYPA TS $HAYY 1HY 39 1L dFs &
HAA Z1eMEol Hott. 2 2, DAY JAF W dA7 T8
A7 HAY. itz og HAFHAFAM ALAF Exc DHIFE HIA|LHO]
34 g sotolstn 1 7|FEol F A9 Hojolgid. EF HIA|A®o] Al A
FE A93l7] A7A Bus lineo|y 2 Ao AlnAE/) T2z AYAEY ¥
SN A ZHERE § Rolopditt. YA FAA AlLAEFY dIgFLE FE L
AALAFIY 329 EFo 2N HAste €5, 71414 SEQlold. gt AT
FR7IE AT ZUTUE ALARFE Ao &F oY= A Fo=
719 AT nA flo] AFHE HIHLE QASE Aol M3t An AFY
£FE F7INZ = o] AZS 89 F7to £4A4 HA7 73,

2AETF7I= AF9 oug AoFA glol £22F ADLHFE TASA AF
3tv Zlo| SAolt. olgd A= AT AY FALE ZAF dA A ol
AE7E I FPE oY EN o|Fo|Wt AF7A ALE XAZTFRIIE AL
ZAEAHAE ol 8T R A22AZAHAANE o]LF Ed 181 322X Y
g ol 8T Edo] Q. AHXLZASZAHAE 0|83 e {8 AYY v F
A A7 8B AR 7170 v §o] A FUL v HL2XALA
Ae AWty o vjg 17loln G WAH G JA] ALXATAE AHEde =Y
Hot 5~10uiA: ¢ LHHEZ ofF & AQMT FAFH gF4ol Ao 1
SRXALHAAAE o]-&7 RES FZ saturable reactorFEjojt}. o] BHle Fojo] X
A7t AFRAGY FAT 4T E 2R 3ol uido] FAF HAF Hyrredo
O B 2 Zolg IEXALEHAYE o|&IEE FLXATAAY 7145 L
TR 847 d9. 4¥HER] Hrle 2 AP ANEE Wgr9 A Fw L]

vz} BAA Br7E71Ee] €Y IR AT WA E o3 vde & g9 ¥
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g AHESlnz J2er)e Ago] wetd Axe @dFH 9 zojg Agsoe
Fojo] ulgo]l AAZF Hrle FAoF 84/ & 4 . Y Folg uLe
saturable reactor?tg Ex] @3 W vl AAALE ALFYE FWY [
AANA Y B FoAAN FHAGAME 74 FA o] ddkn Hriso] 20008 A
Fol 4837} dEHe 2do|n.

I &=8 12X 8C6R))

RZEAE HIE ARt BEE A AVARYT A|AH o] . o
T 2d9 Aol AN} FAL: FA 9 FEF Aolol} FRAYYe 2
o2l ztol7h flot. o2 @ RdolM 6~229kVe] wHAF HLAFHH 87
= XAEAY AFL S0~%0cmAxoltt. 1 Hxe ILXIATH Y HaE o]y
AF7tsd0l olvl BAHA oY oY AN 1 YAAFE 7HAe & AEY
A2Z2AEAE AAFoltt 28y FAAFANA T3 Z2EEYANA FAx
Foje] 32 A3 FFAEIYV} Faste EAFC] LA A oYyF FAH
2 Foj9o dHAE EolAY 1AM AMFE T/ 2HA HEE 5 QU
StAIRE F 71A] W BF n2FxAEAMY AFY F/MY dAZREEY F7M¢
2L Hg FL& ALXAZAE 78R dA ol R&xAXA Y F7]Y
Z7M4 JAAREEY 4 Qlo] FRANE F/HE £ Ade 2d9 Jde) ¥
L3 HAS. ARFHY I 2ojY T2 EUAFCEZN AT YA FFEH
#AaE WAY £ A T FIFY L2RATFFIIE FEYFHLE o|FolA
1248 dgd T22ATAQ 2384 223 FF0] =Y ZoE FAHEH
TR AU A 222 ASA Y AVAH AT o3 A A& AT
F A 2. gty ade] dHdie @A T4 dudae 7 AL 9%
Aoty AlnA e AR F7H8IY 1LRAEA Y FAARE Z2ISHAEHT
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A F7V3HA Bt 9o Rdro] Foje] Ho A& TBIYH IS ALE
AESF7|e 43 AL A4 E $A T

2. J2THERIRI O ASSE

7NEY A% EIAN2YL 154kVole] Aot F30 53] 99 F o
Fxo] o5 T} Aol ALY TXXAEIFIIe AAFAs Y8
A3 ®E FFANOZE AF9 AHYE FAF7 154kvo]ite] AT A3
g 4 Ax 7€YY 2DV AEEFE wiriAZ FE Y. ojyEd FHoz <
3 AF HE Wie] A AA=HD Aok 2¥ 416~4.1704 28F
£ A AT ALXAEEFIIY AFHLL o E-

7} CHsh e oA

ol H7|12 3 &H7I9 22 d8FY AYrrle ¥ dEHAYE Y £
A= AlFol a3t} ol d olfFE A= 71719 AYAuEY & At A
T QEE £ fIth B} & dEAE e 47 A8 Ay 154kV u)
AAFS F busbar®} AL A7 AGLFE ZAFoZH YutFoz FHE
HA dvn. LLXAETFVIE ol 8§ busbarzbe] AL 1 EAHEL 2
g Utk I¥ 4167} ol g WS dAjdtn Uk Jiths} busbare] A I
SRAETFIIE FIHFO 4T B FAALE ANT £ UA I HFol
AT Fte FF7IE T3 4uH3Q 23 BoE ANFPoZH Apnrt BAYS
W ATLGES HAIANATH 18 417 N2 AYseo A& A gL
Ao AFel Ha® B¢ 71&9 AF S 29z ol &3] e AdgF oy
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g & 4.

c}. AE 71712 B3

Aol AHEHE ZE 77le AR BEAF WS /AT LT BT
AREA F, A7) THAA AF Ast TS AR5l GE =5 7
7 AY 4 Qe 9FAF ddo] A& RoIAA Bk =¥ W7 AN
ARt ARG d&AA Ao 990 F £ YT FRAY Agez ol
g 949e FANY 4 Atk

ol VT 717|=42] A

2AEHA7IY 2HE $AAY 35 ZAZAHAA T dHe Hold <
AXNZ Fg E3E RS 7HA Y. aF 7171y AN AA)7F 24
3 A&FHY 2T LE HAY RAXALH JFAT HAFRA HU ol
gt A9 FAE WAY BFog Fi7|7F BRSHA EH-



3. JEXNCBIR)|O AA
7t. SE&7) Ojths| wi2C.

ZATIEIY FAETE 59 gHo] A AFEYA BFF 100 usec FE0
3 A oo o)A YRS ALde F msecAER EHEAR eH, 2qF
29 AL AYFL=o £ &5 vlad 4 3, dFESU AFode A

1~2 Alo]Zo] A8 e 7taatdy]d vid €53 wad FALEEE 7]7] €9
B39 glo] vl$ F83 84|t

L. 150l ALZO| J7hssict

AAGAA 52 de HEANEAE o &M FFE 2D Ao 7Hedhu
IR AFole HEHLAE oj&dte Aol BilEIdEE AHFT
t}. 3}A|9k, o] AX ¢ 30kV AE7}A|oln, E HAPFL=ZE o]&3le S 13
AR ¥ mAdlY AFYE AlAE ot ol ¥ XEAEFFIIE AF ¢
AAZte] AU A 2ASLEHE JE32E ALHY ALEo] 7HEdT.

Ct. E A2AZH0] citis| Eict.

TX2AEFF7Ie AL e A3o] 7t AAEAAA] AR dojy A
o] WA A9 EAE YU AZE o838 A, AnE EA3A I
H Al XATAEHE 3ESA 4. oo A8=HE AL dF FAALY F4
ol Ax2A AFEY FEo| 28HE 7|E9 Ad7)d vid] AR w1

ch 8 =ME HHALE AP0 UM ET-40(T

goze AY &89 UM ZE 717] E°] 2AEE o] &3ty WEoA= A
g7} € tr7kE Aol o|AZ A 2A=HFHA| Lol s, HEHATHHA

- 67 -



2He ZATWAY], 2ATHQLY] @ RAEA)E, XATAUYA AR SO
2 o|FolA Ql1, olF RALAYH 7|9 d&iHFS J|EL Y| 7)o vl A

2F A A R 220 kV RATHERUYVIY HFoe 29 17109 1.5u)o] {23
ZATHIHA2H M AT AHI|71E HE 3}
A Me LXAETTF7IZF H4FHU 8400

Fo| ZAYIY FZRE AHESFAANE A 7171 BEEY 5 Y oA, {5
z4 3 2Adrle §%Fo] F718tA 7HFo] FA4sdrl WiEd 2 8ZF =Ad
71d FSZE AHESGE W9 vLg diF Azt AAHY AAE £ 5 3
. 283, A4 1Y A5 &3] BE3I) 51 UM AF &F F7/HA A
AHE-ElAL e AE71E AS o]&% 4+ Ade AHl Ut

Hf. WX7|7} ooz SEE £ UA il

71&S] WHAY ALRAFE A7) Y3l & AYolYd ALZE reactorE F2Y
A AAQ AYRE A AA dFAL9 FIHE 7HAHSG AA”Y EUAHE 29
g 4 At gEA, TAd77E QAE LFolddA FXE &£ UA 7] Hs =
g& A7} 9834 E9. 23y, 2ASAE o| &3 AlnAY FAEH AN
A go] wAEA] gftomg HA dud2de S XA GA o GIA, T
AZ17F AAHY EAE AT FAY £+ QA Fo F, ZAEAE o8I £
ATA S EAY A e E71FHQ dAE2 F7h7h S & okt 19

. 68 -



e £A% QA "o

1Y 4.16) 7129 AE (ZEFL ATAR)

14" 4.16(b) 22 WHt7|e} o]F buse] oA

- 60 -



-
="

—
® i

J
N
M
<.

(T
L

St

068A * 154V /22.3V * | ! i New
o)

(4,258A) AN PAVAVAN ,
Each Circuit |

e ey sen emm e e ()

! | .
| | i ! * l | !
- . : | N B W
e B e P 1
o ’ o . . 1 t1 11 1

. . . - -
' : . H : ' )
' 1 - 1
1 . ' | f ' .
— - e ————— = . —————— — [ —— —_——— — —
i '
. I I
. a
! '
: , '

1Y 4.16(c) 37719 AAE QA% AZF buse] A AA

873 A F0MVA
(13,100 A)
| | |
] |
: ] ‘ | | | |
] S E
! L
o T
i |

39 4176) 7129 AYAE (ZEFe ATAR)

- 70 -



a9 4.170) NZ2F 789 F7IE A3 AF =HZA

A A:A A@E-J._"*ﬁ
/' V¥V VA

1,455A
(10,9174)

! No Overload

18 4.170) A1 RAFAE 7124159 L8327 vy

- 71 -



A58 dE

A7) N2l Aln AFS F7te 2249 2713 AT 93 HAE 2
FEFS vt A AHAe e YUPAE AL R AlTAE e U9
Q2 7H < HAE S4E o839 ME &5 2 AIDAFE Ase Ao A
7l A" ARHFE ATte BHF Shdoln 23T FeHAM FAT A
29 Ao 71QUF go¥29 WIE J|2E & 2V 2HE FF IO
SZAEAAN FAXFLEY 4 A3 MPMGH | 93 YBCO 2% A
= AR F FHFYPLE YAAFTE 24389 AVH EAHE AFgd.
=% AXLXAETFZIE A - AP0 3 Zo¥HH FFEHY F mdo
AAEHJL 2 2do) g gt A4 =10 na="UY AF S 4 He28
o 274 AV EI} =2E2HAD O BEuHE JFEeEde IL2ATFHFIE
Xe AFoMe qdd Ao dgAde] £YEHAT. £F DA
w718 29 SA4E 488 FAHHLE 3T 123FAT A AXNZ=2
ALe weak-linkol| X FEE A{F7F 2 &9 YAAFE douM AFEYg W
5 JXAHEDY B¢ Y9 weak-linkol| A @7 Alzgdoin 7R, o] &
T M weak-link7} gaussian F{HE EXE EAFAN A W HAAF
o2 NIATA APLAYE F=HA FEIIIAL LA 48 A ¢ FA
StATE TH, DXRXAETFRII7E A4 E A Ll AREHAE AT H 24
283t A FAA LA AR & FoldA 7Y S vgA

AXEAEF|F7ZIY 7127158 AX AlRAF[TIE 2 AdM 2= JAFA o
HEE FFE VA= 7HE RAY. Ax ARFAFE FLEATIZ] HEA B A ®
Hol At F AY. 2 F due oY AFAESE AaATe Ao & 3
Ue LR AETF7INAML 2345 FAAFIE dA-ATH® SAHNA F2A8A &
o2 A7t MmaA TAIERF 3= Aot E HE Jlye air-gapd ZolE

-7 .



Mo 2N B & AFAA A7IESI} o|FofAA e Aot THFASY
Z} A& interleaved lamination® IO E AlE3}l3 Fo]o] air-gapS EJTFCEH Q4
oA RZAETFVIY 2X(FAF7E dARAFA B 7PgRA AAs ok AR
B2 Jeiun oA AMFY F7} FIAYY AL Fo] Yo, 2AXAY
AAAFS Aol AP EFAFoIY. GAZA TAY YAMFE vISUHE £33
71 olg ey AT dHALAL FE ALAEHYATY 2AFLE o= A%
214 7 U

Foj¥de g EFAFHoZ FFE T TL2ALIIFIY A2E 2dE
AAste 7183 FHEAAE 13T 23 F™9 F{RI7Ie 1a4F7] ¢l A
71X8glol N&EA AnAFE AT 2HEHY AXNTRRFL FF7IY
S0l AL vAoE HAA 1 Foof & 47 Ao §F7Y AAE
ol A2 ATA Y YAAF F4do] A

- 73 -



=

XF
=

[1} Yu. A. Bashkirov, L. S. Fleishman, T. Yu. Patsayeva, A. N. Soboler, and A.
B. Vdovin, “Current-limiting reactor based on High-Tc superconductors,” IEEE
Trans. Mag. Vol. 27, pp.1089-1092 Mar. 1991.

[2] L. S. Fleishman, Y. Bnssette, and J. R. Cave, “Design considerations for an
inductive High Tc superconducting fault current limiter,” IEEE Trans. Appl.
Supercond. Vol. 3, pp.570-573 Mar. 1993.

[3] V. M. Vladimir, Vladimir L. Sokolvsky, M. slomin, Gennady E. Shter, and
Gideon S. Grader, "Testing of an inductive current-limiting device based on
High-Tc superconductors,” IEEE Trans. Appl. Supercond. Vol. 3, pp.3033-3036
Sep. 1993.

[4] L. Salasoo, A. F. Imece, R. W. Delmerico and R. D. Wyatt, “"Comparison of
Superconducting Fault Current Limiter Concepts in Electric Utility Applications”,
IEEE Trans. Appl. Supercond. Vol. 5, pp.1079-1082, June. 1995

[5] W. Paul, T. Baumann, J. Rhyner and F. Platter, “Tests of 100kW High Tc
Superconducting Fault Current Limiter”, IEEE Trans. Appl. Supercond. Vol. S5,
pp.1059-1062, June. 1995

[6] J. X. Jin, C. Grantham, H. K. Liu and S. X. Dou, “Prototype Fault Current
Limiter with a High Tc Superconducting Coil”, IEEE Trans. Appl. Supercond.
Vol. 5, pp.1051-1054, June. 1995

[7] T. Ikeami, Yukihiko Yamagata, Kenji Ebihara, “Application of High-Tc
superconductor to current limiting devices,” IEEE Trans. Appl. Supercond. Vol.
3, pp.566-569 Mar. 1993.

[8] M. Lindmayer, Micheal Schubert, “Resistive fault current hmiters with

_ 74 -



HTSC-measurements and simulation,” IEEE Trans. Appl. Supercond. Vol. 3,
pp.884-888 Mar. 1993.

[9] T. Verhaege, C. Cottevieille, W. Weber, P. Thomas, P.G.Therond, Y.Laumond,
M. Bethaled, V. D. Pham, “Progress on Superconducting Current Limitation
Project for French Electrical Grid”, IEEE Trans. on Mag. , Vol. 30, No. 4,
pp.1907-1910, July. 1994

[10] H. Boenig and D. Paice, “Fault Current Limiter using a Superconducting Coil”,
IEEE Trans. on Mag. Vol. 19, No.3, pp.1051-1053, May, 1983.

[11] M. Murakami, “Processing of bulk YBaCuQO,” Superconduct. Sci. Technol. §
pp.411-429 1992.

[12] R. Spyker, G. Kozolowski, and C. E. Oberly, “Measurement of transport critical
currtent of Y-Ba-Cu-O using an inductive method,” IEEE Trans. Mag. Vol. 27,
pp-1093-1096 Mar. 1991.

[13] M. K. Chyu and C. E. Oberrly, “Effects of transverse heat transfer on normal
zone propagation in metal-clad high temperature superconductor coil tape,”
Cryogenics, Vol. 31, pp.680-686, July, 1991.

[14] V. S. Vystsky, V. N. Tsikhon, “Normal zone origination and propagation in
superconducting wire and fast changing current,” IEEE Trans. Mag. Vol. 30,
pp.-1998-2001 July. 1991.

[15] J. Schwartz, J. P. Freiberg, and J. E. C Willams, “Dynamic stability of
edge-cooled superconducting tapes,” Cryogenics Vol 21, pp.21-32 Jan. 1991.

[16] G. B. J. Mulder, H. J. G. Krooshoop, L. J. M, and V. S. Vystsky, “Quench

~ charateristics of a two-strand superconducting cable and its influence of its

length,” IEEE Trans. Mag. Vol. 28, pp.743-750 Jan. 1992.
[17] K. E. Gray, D. E. Fowler, “Superconducting Fault Current Limiter”, EPRI

.75 -



EL-329, 1976

[18] D. Ito et al, "6.6kV/1.5kA-Class Superconducting Fault Current Limiter
Development”, IEEE Trans. on Magn., vol. 28, pp. 438-441, Jan. 1992

[19] G. P. Meisner, “Critical Current Measurements of High-Tc Superconductors
Using a Transformer Technique”, J.Appl. Phys. Vol. 66, No.11, 1 pp. 5518-5522
December 1989

[20] Masato Murakami, “Novel Application of High Tc Bulk Superconductors”,
Applied Superconductivity Vol. 1, Nos 7-9, pp. 1157-1173, 1993

[21] W. Paul, T. Baumann, J. Rhyner and F. Platter, "Tests of 100kW High Tc
Superconducting Fault Current Limiter”, IEEE Trans. on Appl. Supercond., Vol.
S, pp.1059-1062, June 1995.

[22] D. W. A. Willen and J. R. Cave, “Short Circuit Test Preformance of Inductive
High Tc Superconducting Fauli Current Limiters”, IEEE Trans. on Appl.
Supercond., Vol. 5, pp.1047-1050, June 1995.

[23] Minseok Joo and Tae Kuk Ko, “The analysis of the Fault Currents According
to Core-Saturation and Fault Angles in an Inductive High-Tc Superconducting
Fault Current Limiter”, IEEE Trans. on Appl. Supercond., Vol. 6, pp.62-67, June
1996.

[24] Victor Meerovich, Vladmir Sokolovsky, and Joachim Bock, “Quenching in a
High-Tc Superconducting Ring”, IEEE Trans. on Appl. Supercond., Vol. 5,
pp.-22-25, Mar. 1995.

25] G. Ries, B. Gromoll, H. W. Neumuller, W. Schmidt, H. P. Krramer, and S.
Fischer, “Development of Resistive HTSC Fault Current Limiters”, Applied
Superconductivity at Edinburgh, Vol.1, pp.635-638, July, 1995.

[26] R. Spyker, G. Kozolowski, and C. E. Oberly, "Measurement of transport critical

- 76 -



curtent of Y-Ba-Cu-O using an inductive method,” IEEE Trans. on Magn., Vol.
27, pp.1093-1096, Mar. 1991.

[27] W. H. Wames and D. C. Larbalestier, "Determination of the Average Cntical
Current from Measurements of the Extended Resistivity Transition”, IEEE Trans.
on Magn. Vol. 23, pp.1183-1187, Mar. 1987.

[28] W. J. Cam, Jr.,, AC Loss and Macroscopic Theory of Superconductors, Gordon
and Breach, 1983

[29] Martin N. Wilson, Superconducting magnets, Oxford: Clarendon, 1983.

[30] A. C. Rose-Innes and E. H. Rhoderick, Introduction to superconductivity, 2ed.,
Pergamon Press, Oxford, England, 1978, ppl183

[31] Thomas P. Sheahen, Introduction to High-Temperature Superconductivity,
Plenum Press, pp 555-561, 1994

[32] J. R. Cave, D. W. Willen, Y. Brissette, C. Richter and V. A. Arestenu, “Test
Results for Laboratory Scale Inductive High Tc Superconducting Fault Current
Limiter”, MT-93, p 1448 Sep. 1993

[33] R. F. Giese, M. Runde, “Assessment Study of Superconducting Fault Current
Limiters Operating at 77K”, IEEE Trans on Power Delivery, Vol. 8, No. 3, pp.
1138-1147, July 1993

[34] V. Sokolovsky, V. Meerovich, G. Grader, and G. Shter, “Experimental
investigations of a current limiting device based on high-Tc superconductors”,
Physica C, vol. 209, pp. 277-280, 1993

[35] J. Azero, L. Garcia-Tabares, M. Bajko and J. Calero, "Current Limiter Based
on Melt Processed YBCO Bulk Superconductors,” IEEE Trans. on Applied
Superconductivity, Vol. 5, No.2, JUNE 1995

[36] Gordon R. Slemon, Electric Machines and Drives, Addison Wesley, 1992

- 77 -



[37] FR4, “BFH A& o AR SAHY”, AA dhgn A
71880 AR =&, 19939

[38] Terry P. Orlando, Kevin A. Delin, Foundations of Applied Superconductivity,
Addison Wesley, 1991

[39] Masato Murakami, “Novel Application of High Tc Bulk Superconductors”,
Applied Superconductivity Vol. 1, Nos 7-9, pp. 1157-1173, 1993

[40] C. A. Falcone, J. E. Beehler, W. E. Mekolites and J. Grazen, “Current
Limiting Device - A Utlity’s Need”, IEEE Trans. on PAS, Vol. 93,
Nov./Dec. 1974, pp.1768-1775

[41]) Gear, C. W., Numerical Initial Value Problems in Ordimnary Differential
Equations, NJ: Prentice-Hall, 1971

- 78 -



	MONO1199707912.pdf
	[표제지 등]
	제출문
	요약문
	SUMMARY
	목차
	제1장 서론
	제1절 개발현황 및 동작특성[원문불량;p.4~6]

	제2장 환형 고온초전도체의 제작 및 전자기해석
	제1절 고온초전도체 제작
	제2절 임계전류 측정법 개발[원문불량;p.15]

	제3장 고온초전도체의 저항변화 연구 및 고온초전도한류기의 설계
	제1절 저항변화해석[원문불량;p.23,27,29,32]
	제2절 설계[원문불량;p.32]

	제4장 실험 및 결과고찰
	제1절 사고전류해석[원문불량;p.42,45][내용누락;p.46]
	제2절 공극형 고온초전도한류기[원문불량;p.51,55][내용누락;p.50]
	제3절 전력계통적용[원문불량;p.69]

	제5장 결론
	참고문헌

	[title page etc.]
	SUMMARY
	Contents
	Chapter(Chaper). 1. Preface
	Section(section). 1. Types of High-Tc Superconducting Fault Current Limiter and operating characteristics(charateristics)[원문불량;p.4~6]

	Chapter(Chaper). 2. The manufacture and the electromagnetic(eledctromagnetic) analysis of the ring type superconductor
	Section. 1. The manufacture of High-Tc superconductor(supercnductor)
	Section. 2. The measurement of critical current(currnet) of superconductor[원문불량;p.15]

	Chapter(Chaper). 3. The study on the transition of High-Tc Superconductor and the design of High-Tc SFCL
	Section. 1. The analysis of transition of superconductor[원문불량;p.23,27,29,32]
	Section. 2. Design of SFCL[원문불량;p.32]

	Chapter(Chaper). 4. Experiments and contemplation
	Section. 1. The analysis of fault current[원문불량;p.42,45][내용누락;p.46]
	Section. 2. The air-gap type SFCL[원문불량;p.51,55][내용누락;p.50]
	Section. 3. The application to power system[원문불량;p.69]

	Chapter(Chaper). 5. Conclusion
	Reference

	칼라



MONO1199707912

88

1997

과학기술처

고온 초전도한류기 개발 및 특성해석에 관한 연구 ,최종보고서

[표제지 등]

제출문

요약문

SUMMARY

칼라

목차

제1장 서론 11

 제1절 개발현황 및 동작특성[원문불량;p.4~6] 13

제2장 환형 고온초전도체의 제작 및 전자기해석 17

 제1절 고온초전도체 제작 17

 제2절 임계전류 측정법 개발[원문불량;p.15] 23

제3장 고온초전도체의 저항변화 연구 및 고온초전도한류기의 설계 30

 제1절 저항변화해석[원문불량;p.23,27,29,32] 30

 제2절 설계[원문불량;p.32] 42

제4장 실험 및 결과고찰 46

 제1절 사고전류해석[원문불량;p.42,45][내용누락;p.46] 46

 제2절 공극형 고온초전도한류기[원문불량;p.51,55][내용누락;p.50] 60

 제3절 전력계통적용[원문불량;p.69] 73

제5장 결론 82

참고문헌 84

[title page etc.]

SUMMARY

Contents

Chapter(Chaper). 1. Preface 11

 Section(section). 1. Types of High-Tc Superconducting Fault Current Limiter and operating characteristics(charateristics)[원문불량;p.4~6] 13

Chapter(Chaper). 2. The manufacture and the electromagnetic(eledctromagnetic) analysis of the ring type superconductor 17

 Section. 1. The manufacture of High-Tc superconductor(supercnductor) 17

 Section. 2. The measurement of critical current(currnet) of superconductor[원문불량;p.15] 23

Chapter(Chaper). 3. The study on the transition of High-Tc Superconductor and the design of High-Tc SFCL 30

 Section. 1. The analysis of transition of superconductor[원문불량;p.23,27,29,32] 30

 Section. 2. Design of SFCL[원문불량;p.32] 42

Chapter(Chaper). 4. Experiments and contemplation 46

 Section. 1. The analysis of fault current[원문불량;p.42,45][내용누락;p.46] 46

 Section. 2. The air-gap type SFCL[원문불량;p.51,55][내용누락;p.50] 60

 Section. 3. The application to power system[원문불량;p.69] 73

Chapter(Chaper). 5. Conclusion 82

Reference 84

칼라

jpg





