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Quench propagation in resistive SFCL
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{Hye-Rim Kim~, Ok-Bae Hyun-, Hyo-Sang Choi+, Si-Dale Hwang~ and Sang-Joon Kime)

Absiract

We fabricated resistive superconducting fault current limiters based on YBa:Cuz(; thin films and
investigated their quench propagation characteristics.  The YBaCusOs film was coated with a gold
layer and patterned into 1 mm wide meander lines by photolithography. The limiters were tested
with simulated fault currents of various fault angles and amplitudes. The quench was concluded to
start locally and propagates until completed.  The quench propagation characteristics were explained
based on the heat transfer within the film as well as between the film and the surrounding liguid
nittogen. The quench completion time depended strongly on potential fault current amplitude and not
significantly on fault angle, which indicates that the quench propagation speed is affected more by heat
dissipation rate than by fault current increase rate. The quench completion time was 1 msec at the
fault current of 65 Apex

Key words(E£ 20{) : YBa:CusOr, gquench(@x|), fault current limiter(3H%71), superconductivity(EH )

OE A% 7718 HAAANE & F8-¢ A
LM = °of Eg ALzHAxAe @A 54 #s A7

£ Bol FdEHe] & v, mLxdEAe) A5 B

Aol B AT E el slo] A w3, Ax
x FAAT oA PALE A2 54 F BNAR 54L& 53 294 AXAY
olx HFEAF7 £¥e o JudAs 2RE ¥ &7l AR @Rxrle] FREEE A g7
o F 1/2 cycle olulel AFS Zﬂ?l?-_} o]t}
F U3 JAF7E YARF olstE AN o & E dFo BAe mgxAx dute] FajHn
AEAHZE HEHE 5§ o 38U €779 248 548 A5 n22AE Y #F{/9 8F
EF uEgt. 23R §F7 F AYY #5701 2% A%g YA 7L2AST AF57] BA
T2 fdert ddaid 29§ Qe ARl ZlZ& ABE AgsEd U4 o]F  §did
A 5U9] Siemens AG 1§ FoA B 47 YBaxCusO-(YBCO) ¥ o 2 % | mme meander
7t AR oY, zAR FH7E dFAE line 242 AYY 245 PFLAE Azee A
3t dell Aol BA FYo oY 77 Haw 240 EAE AT £A AN A998 4+ 9
o Bz EAe] A% FFrle HA%& A7) = wFAUES A s
fEejck.  cfo] #MAz AelE, vdrie ge

e
[l
2
rir
e

k

e

M
Iy

s = 2. N H
%A dHAT Y HEAFATY
(A3 AT 2% 103-16,
Ak 042-865-5973, FAX: 042-865-5804, ALY AL gHAE A4 2 242 LaAlo;
email: hrkim@kepri.re.kr) 712 9ol Hdad T2 04 gmel YBCO ¥here
2000 18 149 A7, 20000 24 239 AAlgE ujgez At YBCO w4 =9 Prima

337



AYY ZUE GF/AN QA Boboo DAY 8 U A1 YA UHE

Tech AtellA 74zt YBCOE® #71 9
5 wgel HzxARAE P 4Pl dx
B o] HEdAdE 2RSS AFEYA Ale]g

AE E5& wesle HAE2AFE 74717 94F
of #Hxsjslojop @t olE Hsi FIF

YBCO "e}% dry boxd] B AT $#HLAE
Asir] AAd mEE A2EL7) 500 ‘CoAd
annealing 3t 3 €}

Annealing 54] YBCO 92} 9d 3 detg F
Zste YBCO BWUE F7Z48 Adsiqdh
YBCOE AMZ33 E44 dvtiez Eadsy
FHohe o) EFdAer Astd A71E hot
spotol A A ez dAsts 948 ¥4ddts 9%
£ e #g E=@, waae JAR Al
YBCOR o vjxge] B 27 o Bol(Zzt 2 2
cmsl 200 ¢ Qcm) HFHF FAH hot spote 2HE
T3 A A M hot spotell A EAsE G4 4& F9]
71 3tk 5 whte] 2AE A vAEe G
H7] 91519 4% meander lined F ¥vtez 3
A @@ YBCO ¥aE =&Azm, 3 79
meander lined lines] P& ¢ weolez ©a
d¥yFL YBCO wEhg =FAFHoen JnA
meander line2 YBCO’F =%® %% glol line
AME F e s g2 AudM 4d9& sHPrh
YBCOZF =& 9l ¥F9] Qi meander line
S YAEFE I A S 9= AAE A
HE 1 msE #AHHA Esdch F 9oz
Y meander line YAAF |48 ARE F54
S ool BG=A ggton] JMAH Ao 3 A}
o] F o]y H&laArh

=3

ogA  Fol EHY  YBCO  wg
photolithography & @] 439 & 1 mm% meander
line 2¢oZ Aztaigic) 2 o gutuia

YBCO #tet Ede HEdEE FrAA 4A 3e
HEAEL zolrl Ad HolAst Zo] merm 3
Z28917), 500 °ColA  annealingstQth. A=
Ay gH2AE 29 1% 2o

olg} o] A|=F FHFAAE o] &3ld AASA
Z23 4¥E FYigen A9 AFAE= 29 2%
2. Ve ALY, R 3z HAFE 28
I HA2E ¥FII) Y% AY, SFCLE 4= @
&, CTE 329 AFE SH = A48 ¥
Frlojtk,.  2dR $FaA= YIEHE 97
Hata] BAFELo] " Aefolr HYPE £AEHA
o ASRAFE 29A S:F el HAAHAEd

338

st o718 AVl Aluztsg 2SRy Ag
717 B 3 7 Agshe 2 usd 35 F
7l 2813 S 9oEM 2ARAE BDR5
ARAFA =247 FEE gy AdAY
< WA ATHAFY 273 295A0)

¥ 1. YBCO g g5 43
Fig. 1. YBCO thin film fault current limiter
CT
RO

Qv

g 2 AXNEAH A =
Fig. 2. A quench characteristics measurement
circuit
3 2= 3 29

a3 38 AAAG VoE 65 Vo, A8 Rt B
s As Reg 2z 1 Q, 77 Lo 9L Wy
Z2AE BF2A Afe AY L HAF
244 52 FELEA ARARE HI2) IS
o, §F2A7 §l& dolEs H2d 225 AF7
65 Apex® 227M} FHAAZ AYRE dole
HANAF 13 Apad A8HIYR 3 37 FA= 8
A B ZAEGY.  F BFAIGE AEHLZA

2=

=S



FEo g AHeE

4 A%k o] BF WAL 3Z2d 2AXAY ¢
AAFE ¥ AlAFZ 8L o SF2AY
ZAZA YBCO whato] AxE o} AHFo] WAzt
Yojivt
80
0 | AN AN
=z P
¥ A AL WA
® AR
60 \ V Vv
-80 — .
-0.04 -0.02 0 002 004 0.0
Az (=)
¥ 3. YBCO ¥F£39 @7 54
MM #7217 A& 9.
A g&77F & o
Fig. 3. Curent limitation characteristics of a
YBCO fault current limiter.
Solid kne! with an SFCL.
Dotted line: without an SFCL.
28 4ars 34 Apad dAAITHRS RS

Y(F Ry = 1 2204 Vo = 34 Vpewd )2 A3t
WE §FAA Ao WHEAE velith o] 71 A
o] A} 51A F(potential fault current)® T¥ 29
2HF S8 dol 29 A YeFs o BFA
7k dlgd §1& AY d4HE AAndFE e
A7 10 AY = AT A ENAR) ATl 4
oAz ZFstdd. AbnAF 248 ¥ 11 msec
A= A¥e] 33 £ e HAA-BAE Ao
2% A B2 gFaAe] £Rr 7odE o
dAeE 22% Adgsines TF2AY AEge] 33
2 oAt 8 5 gloenz ol FFAA & A
o A¥vie] WAL Yr|A|E 2HE AdE W
of &L Yngct wetM 33 2 ol AFY
Ao Aol Friste AL 4% HH=E
of AT HFo] A AAE AYAZ vy
ol Aoz B 4 93 Hio) 33 Q¢ o8 A
FollA FF2z Aol MAFHo M7t #RA
Ae=w FAE £ A #AA7 deid + dE

8 F Fues gF2Ad 225 AFI YAA

339

A7) AAAR e =23 Vol. 13. No. 4, April 2000.

F 9 Add AnAF ¥4 5 msec o] Fo A
F7 #AAFEO AL (Y 4a)9 F UHA
o) Aol Al H718ke o8 ol o] B
o sige] siA @i=dk & 292 AXE RE
A g do] dRFeof gor HddsHe gy
& AXA T Rtk AR AR RiEdA
dol HAFT H FHAe] vrEET. F AX P
A AAA oz AnsE Aolo)

e

—
2]
~
i
-+

E-N

w
-]

N

Al

¢ 0

Resistance Q)

-

10 20 30 40 50
Time {msec)

-20

N
Q

z — :
10 } g
oL /\ oYy
dawl N NS N
gauo - v T : T T
;200- A ]
Foel JAVAVAVAVAS
[=]
L o . . . A
-20 -0 L] 10 20 30 40 S0

Time (msec)

(o)
8

Resistance G)

100 150 200 250 300

Temperature {K)

Q S0

38 4. AMALAF 34 ApeatiiA g} MRS,
(a) g AF 2 LHujAY

(b) SHaxt AP &5 o g
Quench characteristics of an SFCL at
potential fault current of 34 Apea

(a) Resistance, current and dissipated
power, (b} Temperature dependence
of resistance.

Fig. 4.



Aoy 2L GRIAMA WA B AP S AN P B AYE

ofel #& AA AW L dg9 d¥d Ay
o2 & olfg + Utk
— 9oL
P=C5; +G(T— T))—v(KvT) @

o714 PE AMAH, C= YBCO 2AEA e 44
FOKe 9AER, G A4 2429 didA s,
Tye dAd4e &xojth. AAY 2449 A
P7} Lu|slo] 2A4H do] 9B AN £5E &
ged AMSEHnE A4 g, AR FEg o
AqA2st LaAlOs 71z AGE5(EA &), un
7y dFFoz AGEHAA ). AXH ¥ F
oA 2% do] AgsFE AZE F 7MAE ALY
T 5 g ¥ A2E #FAEH YBCO wutst ¢
o] doz Adge PRFY YBCO uhere #x
A71E A2o(a¥ 5@), e AEF T 4y
A EgF do] e 3 wgteg AdHw 1 ¢
o] ARz} 2 2 YBCO HWute 2 AdHo] e
YBCO s RAA7)e= Ao b)), AR
£ Algo] A" YBCO HE& $3lsio Fuiw}
oz w23 oldf wak NFe] A HRofA
Joule Bo} &3 Hn 19 HAPo] wEHF o]
X7t AggEd.  YBCO utgte) M xch 3 whote] A
8 AT § ABREEAA F: 31 W/emK
5] YBCO: c )& Wgto 2 00026 W/emK, c1L ¥
oz 002 ~005 WiemK 9) ¥ A% F2 F
Wa A2 de Adsie] fAAs Ang ez
Azvdod, 338 AQNA 45 ~ 85 msecl M
AHgo| ZAsm gled ot A3 ¥ &
vy P@FARe 2z olu] @ol st flelA
Fyoz o4& #AAE) wAY Q1) +99 &4
3 Az P YBCOS 4R/ =AE HHE Sol3t
7] WEelg. o] F49 4o AY AZ 12d
5(c)ell B¢t wiel 2o

(8)

{b)

340

(c)

a9 5 BFLFAY (a)b) AA A A, (c) AR
REe B A dAdd FR

Heat transfer path in SFCLs (a}{b)
during the quench propagation and (c)
during the recovery to the
superconducting state.

Fig. &

A%y AR R4 ZAHN GEA 7
EHo2 $a% ofuE i ANABANIE 4
MTAFIE M A AT I8 4@AN HERD
utel o] 11 msecol tH(AZ ol A Alztstad B oA
gn) AAAN £EF 94 AT AA7 Lo
o o o2 AR ole] HEslE A
A 5+ 43 m/solth. ¥ 6(a)E Alnz ¢°
oAt AAnAFE WA FHY BF2A AP
Nzre] e wzteltt o] nYoezYE fALE
Nz & ARAY gHAR Agd AAN AR
& W] AFPA(Y 6la)e] FHE M2z FAF
g oz del AL ALE AT AEFA
el e Aozt &S ¥ 5 Uk 4dAmA
57} 65 Apex?! A-$o= 1.1 msecdl AAZ 9%
Ho] AAAD £} 43 m/isecell €3E W, 12
Apeac?] Aol = HEF 35 F71(58 msec) ofviel
Fx7 FEHA G943 ANAD FTE 40 em/s
of zhth dAAITARe WE FAEE AT
e AgEtE AAATNEEY WsE 1Y 6l
Rreops o gich

2@ Na)te AFARRF7E 34 Apea?] AS- AL
e o2 FHAA A dzbg ugdo. A
2z 90l A= AlmE R ¢3Ho2 AR AR 10
ApexE FoiMEAN &R0 2 Aol Byt A}
ozh 0% vl @AX7H 1 msec ofA B A
t{2g 7@daAd Atz AFEE Abazh (°, 90%A



27 A, Belth).  ZEu 24 Awe Azls A
m2b Qe Ate} vlndle] AAGBTA EF Apmzt
el Aot Hls=sith ol 279 ATAR FIHE
of AAEBANTANE & FFE A FFE
¥ 29 T A¥ATE R 34 Apactt A5
Abarzk O°, 90°el A @ FaAte Zu® A" et
o F Alzztel di@ su[dFHe] dlEFields
HoEn. o] Adet ¢ ¥ 6o} Jed AE
FTHed FALARANE ALHEFY FoEERG
FaAe ddeg AXNE A7)z 8
49 ¥ S5 1 3L BEE 4 5 ok

(a}
10

8k
a
- Bt
@
2
-g 4
g 2
Time {msec)
&)
5 50
b
% 1% &
‘g" at {30 E
£ —
s 3
E 2 . j20 &
= - S
% 1 . . {10 §
Is] » % o
0 O + aig
Q 20 40 80 a0
Potential fault currert (A)
2™y 6 ARgr AAlnz 00
(a) AdAtTHEFAM L THaA A
(b AxA5 AL ¢ AAARE (S
e 47tEe AAEs A o]
FAE gut F& £
Fig. 6. Quench completion time {fault angle 0)

{a) Resistance of an SFCL at some
potential fault currents

(b) Quench completion time and quench
propagation time

A7 AAA L3 =82 Vol. 13, No. 4, April 2000,

@

4 qmmmm A g

Resistance (Q)

200 1000 10 20 30 40 50
time (msec)

o " " " "
20 10 o 1 20 30 40 SO

time (msec)
¥ 7. AXNAS 53D ART 34 Apead
AQ: et 07, A AT %0
(a) PF27e] A% (b) 4H 1Y
Fig. 7. Quench propagation characteristics

{potential fault current 34 A

solid line! fault angle 0°, dotted line:
%°.  (a) Resistance and (b) dissipated
power

A9 A P4 Q= AT + At @
Aol deht QE WEERE TS anAY P)
9 AY FHAE FRAQ KDx), PEHES B
F 274 AAolA e HFAolth  $F4 (DE 9
Aol detel HEsW obd #RA (@)t Ropach.
of MANAL YAY D) A WA FE YT
BRade 2 RRAA A2 Fnws do) 44
5ol TAY 4+ drke A= vguglch

& ag;m = Po—G( To— Ty (2)

4714 otdl HA e WY BFYd FRRYL Y
guith  @elA AAE DAL zde sHd A



Aed 2AL 570008 A Ao BHY R HES FAE YAE

A7 @RIE 4 Tot I YBCO W) 97
exolBZ 9 BA4Y @9 F ¥A g Uy o
Aech FW Fo| ANAGS TS vl
22 ¢ WAL ANARELI BHAAAN
g 2uAY, F BF2aA0le) A FF S50 29
2492 2 % 9k

4 48

5L O
o<

suh-g §Jy YBCO wHez Ajzg A
moe) AY AL SF4A AXAN S4L
FAretgith. A9 M 47y GHHez 4
B8 5 ded F dodA A Joule € T Y
B @e 3 wgtez ASHI o F AR g
Al YBCO wteto g Angezy Axsy 3oz
Aztdny.  AAGE Ae dAAsAF met
2 Ael® By Anze 8 4d%e vAA @
St WA ARRAF7E 66 Apendl HF 1 msec
oluje] @m&AG. ol AXNAFJ}EFZI ALHAF
Z7t $E8g K4z @ FF H=d A4
2492 2Ty Axy Aoz 49%
=3

:‘-I..

el 2

BT dx: #erier FIIAGTAY
Ao Adez FYsgdeyct =8 W] 4
Zte) €2 & VIFTHATATLY AU, 99
& QA =g

0 =9

Ha

[11 B. Gromoll, G. Ries, W. Schmidt, H-P.
Kraemer, B. Seebacher, B. Utz, K. Nies and
H.-W. Neumueller, Appl. Superc. Conf, 1998,
Palm Desert, CA, USA, Paper LJAOL

R. Wordenweber, J. Schneider, A. [ Zaitsev,
R Kutzner, T. Xonigs and P. Lahl, IEEE
Trans. Appl. Superc. 7, 1021 {1997)

M. Lindmayver and H. Mosebach, IEEE Trans.
Appl. Superc. 7, 1029 (1997)

T. Kiss, M. Inoue, K. Hasegawa, K. Ogata,
V. 8. Vysotsky, Y. Hyin and M. Takeo,
Appl. Superc. Conf. 1998, Palm Desert, CA,
USA, paper LTA-02

21

i3]

{4]

342

[5] N. Ashcroft and N. Mermin, Solid State
Physics, Holt, Rinehart and Winston, p.2l,
15976.

L. Shaw-Klein, S. Burns, A, Kadin, 5. Jacobs
D. Mallory, “Anisotropic thermal
conductivity of YBCO thin films"”, Superc.
Sci. Tech. 5, pp. 368-372, 1992

(6}

and



