YBCO filmE o] &% &g

XISA

2olsd, &
SIRNS@A &2y

i st 7158 stAstais =2 1999. 7.19-21
ZME BR7IS HEAE SA

N, Sistl, 28
Al
=

:;z-:a_i HeHEoR

Current limiting characteristics of the resistive SFCL using YBCO film

Hyo-sang CHOI, Hye-rim KIM, Si-dole HWANG, Ok-bae HYUN, Sang-joon KM
Power System Laboratory, Korea Electric Power Research Institute (KEPRD

Abstract - We fabricated a resistive
superconducting fault current Hmiter of two stripe
meander type based on a YBCO film, and performed
current limitation experiments. In order to disperse
the heat generated at hot spots in the YBCQO film the
film was coated with a gold shunt layer. At 0° fault
angle the minimum quench current was 96
Agea{meander line cross section: 5 X10° cm® and the
fast quench time was 063 msec.  The resistance of
the limiter continued to increase for three cycles due
to heat generation in the gold laver and was
stabilized afterwards. At 45° and 90° the fast quench
time were 056 msec and 0.26 msec, respectively.
The quench time is believed to be reduced because
faults occurred when the current was increasing or
was at the peak value. With the limiter we could
effectively limit the fault current about 1/5 times right

after the fault and about 1/85 times three cycles
after.

1.4 B

AAATAME HAFZAGed AAAHA 2 HE
Fol A Mzagel uwaEtA wAd $£4Mz4
DL B2o £ Wi & nAHBEESE WA AT
=d olgld nFAFE A A9SCB, circuit
breaker)7t A|AIMA, AN FRABAANZILY 3~5
cycle $¢ AHA g} dAK Y 4F FAMA F
Y AR, 943 &4L 15 F %’iq 7}&o] Al gH
FAF AGFANE AP & "}E HAE, AEdg F=
oeal ¥R F golol Hol glm, Adwgen
Ag9E2 AR e 2Afe A% E 5
5}. 01“745 ZARTE &AM Adscr &)
=R

Z2AE ¥H7IE 2 AATY wE 32 2 IJEA
aEi e g7 H FF U zo}%]i qAg

T 2Axe B4 “ﬂ“r“"“ o BRI E g
o, I A upel A Xi“”%‘al% HFrgow
€ F Urh o] FofA X{'& & 3z g A97 pg
33 quench AJZte] Whed B TrE"*a-Jr Z}%E}lﬂ g
E wEel, U9 Siemens AG IE?Y Bollx 2w
a+7t 7‘]3351'7 Atk *—?ﬂ wrekhg o] -3 Ay IH
e 283 % Y3272 E LD comgac%}?‘r &o}3t
7} wge 44‘4’9‘ B “Qo? T g

B AFME YBCO A 235 9=s o] &3 AT
3 §F7)1Z 2 stripe HH2 AT, AEAFNA] &
Aste Abite) g8 32E FAsd 29g F A4
AR TFAF FAEANE T34 Andd nge ¢
ANZ F AnAZ9 quench B4 2 AFAT EXNL
Yo} m g},

Y
GL3¥0 X

C

2. dydy

2.1 A1H A&

B oAge Al4% 24® §F 224 A7 2 inchy
LaAlOy 713 9o 238 54 4000 A8 YBCO #9
& ugo2 e AFEAT W2 Prima TechdlA

T4 wd BEke *}%3}9&}9_“3 ALY AAEF
= 2bzh oF 87 K& 1.0 MA/em?elth.  YRCO #hehe A
2ERA 47y Byl B4 4 (inhomogeneity) & 2
918 hot spot? *E*é‘% ‘4’7 $3te] YBCO Hdtet $jd)
°F 4000 A FA9 F& sputteringSE &L
o] ¥ YBCO ‘:‘1‘“‘3}’% photolithography & ©}-&8 ¢
EZ | mm, 33 05 mm, 283 Zo] 5 cmel meander
line 2FOE A7t 2AE HHAAE AR
Ao e =A% BHLAe AL o 63 2ot
olg] 19 1& $A48 dHAAS *}7‘1 € BAFI gle
o, gl 488 A3t9 3N sectioneE F23}9
AAsn. 24 2% ¥ 1o BAE FE AgEA

e BojF}

i

=

29 1 €48 gFaxs] AR

.: Current @2}
& : Voltage 97}

a9 2 2AE #7714 AN

- 277 -



22 ANY Nz FA

quench B AFATEAN FHE AT A8 AIXNE 2
d 39 veldidYh 299N Vob dddgeln, J¥
A8 Rod AWEE A A FEAGY g4
3 - (timen)® AAFA A8 4 filme 2&E
wxEy] 9 Agriolt). SFCLE A3y 24 &%
718 JvehdY 22AY RE FHEA quenchA] €
Aol A3 goldZd Jelvde AFYE BZgF el
pathol AYAFI B2zt agddqe 2ste] Algof
hot spote] RAEE, ZATA Fo] BAFHE=Y o2
Asted AT £dE & . ofe BojHE W
287) st AlE A3 gold coatingg 3T} ¢]9
EHE gold %o hot spotd] €3 2R M7y 2 Q¢
< 8937 4ol WA B 3 e 2ARH
9} coating® gold9te] HEFE HABEE FAHLE 53
o FFALAE AFSYLE $H R Az HEHol
e FaE Jehyn Swie 148 e A% 1%
Age FY5i7] e 2930 Ag Axgo] B
2w Ae e 2ok 4 (1) SFCLe 4% 4
B 92 Jedz, 4 (2% SFCLo] quench $4%
g& FAEY, 4 (3)& rtdggolrt

Vo= (Ry + R )¢ 1)
_ RiRsper

Vo = (Ry + Rt Roar (2)

Vo = V, sinwt (3)

szad e Uy filme YAAF ¥ SHFEA
233 FE quench 27 2 3F I3F 28 L 7

=
£ 1~65 Vmy/B0Hz7t A Wiskala A sts) FAx, £33

& 9% EEAY R 1 Q, ¥EAY R 38 @
7HER 2239 AEA 17 Q& dZFAT

ShuntRs

—AAN AAN

% Lysrer]

° Timer
w0

°g Wi Ré

Sw2
b
29 3 2AL 948 2 AERA

3. @9 9 ag

AYAZNAN R add o3 A% AnA AlnAF
7b Adre AdE g 298 o, AT $R7)9 1
AL 4L AnAFY BE AdH 2HEA HEo
o o]F 2AEH HEe Aury AFYNE ne @
Yot 9 AgFe BFsed 285 Ao x
AEA HRARRYG R @i A GF4 E
oyt g wEA meander e A}F |FI e
A 2o 84 YARE, quench AT R AFAG
i3 Fojth .

Y 4o AAFAG VoB 1l VB 713D BEAT

1R 53AY RS 38 022 e 9, A
0° oA 2AEA] HEE quenchr} A ALo] o

3l QI7} AlZbe] Y@ A21d 54 B¥e Jehidth
994 IR fault, quench A1ZA T quench
P AAstdtt. 2P @A Abmrl @48y Al
AAAFRE 4 23 Awx® UER LY MERFE
DAAHE W % 96 Apwd AFEAH HE=2
quench’t S48 ¥ HA 1 ghe] Fa¥¢E # & A
28 M E 2HEA $2 quenche] WE HHo)
wAgte] HAE Frisle AdE BAFu . @9
29 (o), (dolle 2% (@) € 2¥ )2 FE Z2AEA
gere] WA E Ay 9@ LuldHe Aidste Vel
ot Az 26AY FFL AN Aol Tt
wk e FNEe ¥ F Ak 2§ 59 #H=z
quench AlZEel AF 2 AL gt HAE
o g% o 32 msecFol quench’t $AHHL
o, AL HUEE 4HE 4 meander lined ¥
o) wE REHQD quench 7 BAE g Ao A
YA 98 quench2 AYE Roez 2. wEbA
A8|AHE o] FitEetel Frtalych 19 49 58 F
s B o M2augd @& quench A4 ¥ YBCO %
AEA L shunt A go8 L8l golddelr o] ¥
Aste Ao Frtslm ol WE AF A, ALF
2 sulREEsyt wgg Aezr AzEd. golddd
e Yoz ZEstE LNoA 288 Hzle] ofF
XA @Fr] WiFolm oF 3F7| olfd YAHY Fgog
¥39e 9% + 99 1¥ 62 1Y 39 E4¥S
Hadx 2R #5018 F480 ¥UE A 2
£ @F718 H4E A4 dsid da B8-S Jehd
ek 2AE FHIE H L&A Fe AL Hd And
FEL G 11 Apxclfed A= FFVIE HEE
B Ho BHFAFF) F 96 Apen FE HATL
A3 Aags B F g

Power (VARESIHANCOY qitage (VIGurrent (A)

.02 500 002 0.04 (2]
Tima(sec)

2% 4. A& quench A1RAY 7| A

Voltage (V) Current (A)

0 ags © 0ag .00 v oo
Time{ssecl

29 5. % quench A9 FdxY

- 278 -



Current ( A)

Time(sec)

29 6 AL AlndF 2 SRy

g 7ol Anzt 07 oM VA VoE 65 VieaE
bd5 ik K%Xﬁ‘%} Roe= 1 9, ¥3A% R & 77 Qo2
HEE W 2AE FF7 Fdo] HI: ANE EAFEL
R =~ M A (a)°ﬂ*1 A A F kel A3 13.02 AZMA
A58t A SEE B9 Fo AnFRoz AnAFA
e L B F Ak 29 (b), (0¥ quench A
F FFaA Mgt Aol HAE WIIUES By
Zt}. gold®9 LA 7|Add AlnF HAHoZT
Ag M3e] A5g Roluprt dAT Fdl =93
o 4L goldEY AFe] 63 2% RE ZAUIE A
U F % 11 msec Fol A& 2EdeE AE HA
T 4 dth 2uAFHE YeElE 28 @ 28 O),
©9 23 WIIEd st F_Fa5Y 20057 T
Aoz HAAFo=z ZadUr}t AT #L BY FA
o},

Resistive SFCL
(YBCO M. { mm W x 04 um Tx5em L, 0deg)
(potential fault current 65 A, quech time 0.63 msec)

Current (A)

Voltage (V)

° or f ¥

— S PRPRPN PR VoY
[ - y {

R VY

gvz_ quunchk’

) SO . .

g

Power (VA)
g

-0.02 0.00 0.02 0.04 0.06
Time(sec)

29 7. 8% quench A AANA B4

Resistive SFCL
(YBCO film, 1 mm W x 0.4 um T x5 em L, D deg)
(potential fault current 85 A, quach time 0.63 mssc)

nr (@)
IM(8.00022,13.02) —a

10 + Q(-0.08008.9.57) —=
#(0.00855, 11.39)

Current (A)

!

F(-D.00098, 0.41)

Voltage (V)

-40 | Q(-0.B0D0S, 0}

-80 T T T 1
-0.010 -0.005 0.000 0.005 0.010

Time(sec)

14 8 HE quench A& =3

f‘f_*?_ a9 78 AF AY $¥ L doig 219 89 (a)

| AR 0° °ﬂ/‘1 Hz Aart SAFADE F
ok OA9 msec¥Fol Q AR (HFwk 96 Apeak)oﬂ}\:’ quench
7} BAEE AL RAFET olF AludFe HAT A
2o wa AVARE H3 1302 Apeak@:( A ¥HA
&z, Im AA) & 297 quench FAAFR] I A
11.39 ApesE L}E}'lﬂi’dﬁk olu} fast quench A}ZHE ¢
0.63 msec ©1th 13 (bl Al fast quench7t J A=
Zote] FAF AYAS S BFY F glon, ofF IF
Aol oAl wer 343 o] ”7‘”—1°E wslste 2
B 5 o9t 28 95 ¥ 79 Alney 17401}*1
@E ?ﬂ"rrﬂa 22e F$e 2F3A 4s 9y
JF9Ee Jvepdth 23E FFNE HFEA @e
A5 *}—T’— A & A 65 Apexd AFHE HAF
2AT SHF71E HALT A4 HUFA 1302 Apead)
waled oF 54, 3F7)%9 ¢AE AFRA 756 Apeadl
disted o 859 AeaE YEMAG

mlru

r>‘ P o F

Resistive SFCL
[YBCO fitm 1 mm W x 04 gm T x 5 cm L. 0 deg}
(potential feull currant 65 A, quech ime .65 msaec)

SFCL

----- NG SFCL
3 ’

60 -

40

Current (A)

-80 + + t t {
-0.02 .00 0.02 0.04 9.06

Time (s ec)

a9 9. RN AnHF R BFHY

@9 e zAsdN Anz 45°9% 0 A F4E
27 9o melETh Az 45° % 90 A E ARIo)
AFEF T ARPAA Aut 4] dEA A

- 279 -



AFol 1403 Apa®t 1529 ApeaE HERNR O
quench A|ZHE 0.56 msec® 0.26 msecE 2t B oFg
o},

15 quench time (a) 45 deg
10] N
< 54
B o f
E
3 5
O ol fauht
L y : ' :
+ + t } i
5] quench time (b) 90 deg
104 N\
% 5] 1
€
[
2
3 57 fault

T
-0.02 0.00 0.02 0.04 0.06
Time(sec)

28 10, AHRZE AFAT FP MG 457, 90°)

4.4 B

AFAZAA OAsHA FAsE AARAFY AL
toz A AAHL YE 2AE FFIIFNA  YBCO
film& ©]-43 meander FEl XYY FF71E AA
I quench €4 2 AFAT EXHE F3l9 i3 2
L AE2& 93U

Q7AYo 11 Voew®lI Ro= 1 2, Ri¥ 38 o2
AIRYE W) AAARFE F 23 Apa O1ROH TALRF
oF 32 msec ¥} 956 Apa AFAAAM FHZ quench
7t dAyEgT.

A7HA St Vol 65 Vie®l X Ro= 1 2, 183 R$
77 222 &9E 9 Alnzt 0" oM ZATAE 09
msec ¥ 96 Apex HE AFHANA quench’t FA 3
1302 Apxd W FFAFHE 2AF 1139 Apen®
AFFNA fast quench7t FEHUAT o]wf quench A
7k ¢ 063 msec ©)QA}t. AFLAL goldZe) LA
HEo HAAFY FEE Bo|vy}t & 3FNF YAF
ol Egsldo. 245 #5718 JL3x L F¢
AALAFE AL 66 Apx 7HA A5 L 2A= FF
718 HAE8E W o FFAFI 1302 Apeacl vl
oF 5Hl, 337159 4ARY AFUAY 756 Al ™
oF 8599 Aege vl Atz 4579 90 ¢
A4E AFHo AeEF L HAHAA At 24
7] W&o A FFAFHl 4zt 1403 Apeax, 15.29
Apea® ER 27 quench Al 47 056 msecs} 0.26
msecE YERAACH

olAe] AZ A O E quench ¥ AFFA HFY
Zo B A7 AP A dataZS FLsle wiHd L &
AF AZo) BF simulatione Eét AAF FFEA
o W& 475 WPstax o,

EF, B A7 AYPsEE ¢ YBCO dyxRy 2
Azt =& F LG $Y9TAE € EFHEATY
=g,

£ 479 4FEL AR FHIATAE A
Yoz Ng d7H AAE wol FPHAL

(# 1 2 8}

[1]1 Eddie Leung, "Surge protection for power grids,” IEEE
Spectrum, July, pp. 26-30, 1997.

[2] W Schmidt, et al, "Preparation of YBCO thick films by

pulsed laser deposition for a superconducting fault

current limiter,” Inst. Phys. Conf. Ser. No. 148, pp.

631-634, 1995.

B. Gromoll, et al, "Resistive fault current limiters with

YBCO films,” paper LJAO1 presented at ASC ’98, Palm

desert, CA, USA

[4] G Ries, et al, "Development of resistive HTSC fault
current limiters,” Inst. Phys. Conf. Ser. No. 148, pp.
635-638, 1995.

[5] B. C. Min, et al, "Double-sided YBaCu3sOr-; thin films
on 2-inch LaAlO: wafers by pulsed laser deposition,”
KCMAS '97, Vol. VII, pp. 233-236, 1997.

{6] Thomas P. Sheahen, ” Introduction to high~temperature

superconductivity,” Plenum Press, pp. 349-372, 1994.

B. Gromoll, et al, "Resistive current limiters with YBCO

films,” IEEE Trans. on App. Supercon., Vol. 7, No. 2, pp.

828-831, 1997.

3

=

7

—

- 280 -



