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Characteristics of 15 kVA Superconducting Fault Current Limiters
Using Thin Films
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Abstract

We investigated resistive superconducting fault current limiters (SFCLs) fabricated using YBCO thin
films on 2-inch diameter sapphire substrates. Nearly identical SFCL units were prepared and tested.
The units were connected in series and parallel to increase the current and voltage ratings. A serial
connection of the units showed significantly unbalanced power dissipation between the units. This
imbalance was removed by introducing a shunt resistor to the firstly quenched unit. Parallel connection
of the units increased the current rating. An SFCL module of 4 units in parallel, each of which has
minimum gquench current 25 Apex, Wwas produced and successfully tested at a 220 Vims circuit. From the
resistance increase, we estimated that the film temperature increases to 200 K in 5 msec, and 300 K in
120 msec. Successive quenches revealed that this system is stable without degradation in the current

limiting capability under such thermal shocks as quenches at 220 Vi,
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Fig. 2 Test circuit (current limiting elements are
connected in series or parallel according to
the experimental purpose)

29 28 A AHSY SA2EY @ dg 2
Fo 3t A7iM Vo FE3AY, Ree HAEF
& #@ EEAY, Ret AZAFE Aojaty]

o
%
¢ 2AAY, 23T R RaA%S Zz e

4
%

1059



I KIEEME Vol 13, No. 12, December 2000,

it SFCL1Y SFCL2E 2AHE @9 ag4al
ehiind, daod wdel AE 2 HEz %‘E
3, AdddA e BAAK EA9 B
&) AEARE dd¥ £ gt AY44Y &
A BRAAE AHE HUE FA] A5 o
AA% §7) Wl #Hoz 28 A2 AU
o}

AYxAgE B5d SWIE Fol A4 IH=ZE
HAF obF SW2E gol AlnE 23t 94 4
ZH(FR 3 ~ 757 F9 HAFo] zero S T3
¥ o) SW25 dolFx o]0 SWiE dof ¢ 73

mim

.lim -
o oot gn L

< 2 7 REAgMY AEE vF Ad
digitizer® 3 71§31 #4¢ct
3. detaE 9 SIREY
Z2AE FFVNE HAFC H8s7) A= 3
g B AdE st FARY HF, HYE &
P gtoh 94 HAEddE dnEsz @

A2 O 29 Z2& Aoz A FF

2ele}, ApAe Al 294zt A 54E
2 2} diAts Ay FUE AT FdEE W
oz PGS & ¢ Atk (I 3). JPAAH B
=l zho] AlHo] AAHoZH B = MY Y
?(11% Aol glelA A]ZERbelE 0.1 msec oW
24 s o

< %9l

1r 1>

- SFCL1
150 o BFCL2
SFCL3

Voltage(V)
(]

150/
20 30 40 50 60 7¢ 80 90 100
Time(msec)

g 3 AE G2zt A3 54 (100 Vi)
Fig. 3 Quench characteristics of individual unit
element {100 Viyms)

aet oleld E9AE AFR ddstd 4%
2 gz Oy 49dM BoF:e utel ol AF
2V 271 wel SFCL1e] 9 A quenchE 3

3 SFCL27F 2 th&-& ole] quench®= %ic}, #H
Uejx o2 &gl SFCLIE AlnadfE dA)dozm
quench Hgleu & FAE FD3id AT A=z 4

B2 EAsgc wed, duds ge mgosm
Aol SFCLI® SFCL27} <ivte RE Ad&

watA "o 24 AFH 2HEARAME v
#gastA ¢S ALz, BE @4z FAl A
AH =5 Weko] Fosojol it

1004 + SFCU
o SFCL2
—_ 751 SFCL3
= 501
o 25
> 0
z -251
(=]
=~ -501
.75
100 —— T
40 50 60 70 80 90 100110120130
Time{msec)

j—% 4 L']"\I.' ﬂ§°‘1€*]——] ﬂ;‘]‘:}d 100 Vrms)
Fig. 4 Quench characteristics in simple serial
connection (100 Vine)

TS Weote A AAH= @eialed HEH
& "o} powerE 7 BEAEA T W elo), A
2 378y A AdHE e 30 0)F HE8 3§
‘Hi o WAA AAHE ozt 220 Qo BEANT

Bagtozs 37 @£ BT FA)d A4
Hae ol ol RERY 220 29 HAL 50 ~
300 @7bA 20 Q9 G E dAldoez d¥e At
tgel =808 wEe YA 42 AR
o] c},

(1) AndFe F2E 43317 fisty AR A
A He @A & A

(2) AN (971M e AnE 377 He A3
F eFAA] AR o3 AYghe] FYE A

o AR a9 5ol JE ek 9izkd gk 300
Vimsl Al AL HFE 420 Apeat® A58 F glth
a2y gRAAE AA o HFs AAHFE
91 10 Apeax® 2R 0.3 msecqtell I 17 Apeat
A 1% F MM gasa o olAsiAE §
29 HY FA4Ee =9 0.3 msecel o) Fo|A T g

1060



oH6).
20
18 e 400
_a fq\ A AR
s, ] o W N
3 e ; i i 1%
S v oV Ve
-mw 40 20 100
180 ——
1B I ANANWA
o 4 A
g ¢
i \/ V V
S0
V 40 l‘ﬂ a0 100
g :: _:; H
e R %
§ s / 4
40 L] a 100
:: —P1
fullln R
§ o A 0
D avo
1]

[
time {msec)

g 5 SFCL1Y 220 2 AEXYE #3334 o
A2z ABAAA B2 E49B00 Vire)

Fig. 5 Quench characteristics in serial connection
of 3 SFCLs having a shunt resistor of 220
£ into SFCL1 (300 Vims)
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