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ABSTRACT

Operational Characteristics of a SFCL under Transient

States in Power Grid

Ha Kyoung-Hun
Advisor : Prof. Choi Hyo-Sang, Ph.D.
Department of Electrical Engineering,

Graduate School of Chosun University

The superconducting fault current limiter (SFCL) is a fault current limiter
that uses the characteristic of the superconductor, which operates without loss
under the normal state but quickly generates impedance to limit the fault
current under the transient state after a fault occurrence. To apply the SFCL
to the distribution or transmission system, the capacity problem should first be
addressed. Studies are being conducted to improve the capacity of the SFCL
using a transformer.

This study examined the operation and application characteristics of the
flux—coupling type SFCL with an integrated three—phase transformer under the
transient state of the power system. The integrated three—phase flux—coupling
type SFCL limits the fault current dividing into faulted and sound phases in
the system. According to this characteristic, in the case of a single, double or
triple line-to—ground fault, all superconducting elements in the faulted and
sound phases were quenched, and approximately 609 or more of the fault

current was limited. In the case of a double or triple line-to—ground fault,



however, the fluxes from faulted phases were crossed, and the limiting rate of
fault current was decreased from that of the single line-to—ground fault.

To apply the SFCL to the power system, the capacity improvement,
coordination with the protection system and SFCL application positions should
be considered. In this study, the coordination with the reclosing duty cycle of
the power system was examined by analyzing the recovery characteristic of
the superconducting element depending on the application of simultaneous
quench when the capacity of the integrated three-phase flux—-coupling type
SFCL was increased. In addition, the fault current patterns were analyzed
according to the SFCL application positions in a distribution system. The
analysis results showed that the decrease in the rated current induced to the
sound feeder was improved when the SFCL was installed on the feeder. When
the SFCL was installed on the secondary side of the main transformer, the
system protection range became wider, but the rated current in the feeder

further decreased, making the stable power supply impossible.
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Fig. 4 Integrated three—phase transformer

#1987 Al

Table 1 Specifications of a transformer

Iron core Size Unit
Q& s Ao 331 mm
9| & G2 o 415 mm
WS 3 Ao 191 mm
WS 52 o 274 mm
A 130.1 mm

125 Z2de] Ads 42 Turns
1PN 329 mH

2215 Fdo AdF 21 Turns
ol ElE 8.1 mH
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Fig. 8 Waveforms of limited fault current in the case of double line-to-ground
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Table 2 Comparison of the current in each feeder with or without the SFCL in

feeder
Single line-to—ground fault
without the SFCL with the SFCL in feeder
[A]
before after before after
Irr
Applied voltage : 160 V 9.3 94.6 9.3 285
240 V 14.6 144 14.6 385
320 V 19.2 182.8 19.2 46
Ixr(Feeder 1)
Applied voltage : 160 V 4.6 87 4.6 23.7
240 V 7.1 132.2 7.1 30
320 V 95 167.9 9.5 36
Iyr(Feeder 2)
Applied voltage : 160 V 4.7 1.9 4.7 39
240 V 75 2.5 75 6.4
320 V 9.7 3.1 9.7 8.8




0] (a) Applied voltage : 160 V
<
€
o
5
(]
Time [msec]
50
0] (b) Applied voltage : 240 V
<
€
o
5
(]
-50 T T T
180 190 200 210 220
Time [msec]
50
401 (c) Applied voltage : 320 V ’“\
<
€
o
5
o N
ARV
30— +IPS +IPT
40 — IXR Ixs IXT
IYR IYS IYT
-50
T T T
180 190 200 210 220

Time [msec]
2% 18 Feedero] #7718 288 29 14 A2Aa Aand i 54
Fig. 18 Fault current waveforms in the case of single line-to—ground fault

with the SFCL in feeder
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Fig. 19 Fault current waveforms in the case of double line-to-ground fault

with the SFCL in feeder
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Fig. 20 Fault current waveforms in the case of triple line-to—ground fault

with the SFCL in feeder
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Table 3 Comparison of the current in each feeder with or without the SFCL in

the back of Tr.

Single line-to—ground fault

with the SFCL in the
without the SFCL

[A] back of Tr.
before after before after
Irr
Applied voltage : 160 V 9.3 94.6 9.3 27.7
240 V 146 144 14.6 497

Ixr(Feeder 1)
Applied voltage : 160 V 4.6 87 4.6 26.4
240 V 7.1 132.2 7.1 46.8

Iyr(Feeder 2)
Applied voltage : 160 V 4.7 1.9 4.7 0.8
240 V 75 2.5 75 14
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Fig. 21 Fault current waveforms in the case of single line-to—ground fault

with the SFCL in the back of Tr.
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Fig. 22 Fault current waveforms in the case of double line-to—ground fault

with the SFCL in the back of Tr.
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Fig. 23 Fault current waveforms in the case of triple line-to—ground fault

with the SFCL in the back of Tr.
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