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초전도체 및 상전도체의 변압기 2차측 적용에 따른 변압기형 SFCL 

특성 비교

Transient Characteristics of a Transformer Type SFCL Applying the Superconductor and 

the Normal-conductor into the Secondary Winding 

정 병 익* ․ 최 효 상†

(Byung –Ik Jung ․ Hyo-Sang Choi)

Abstract - This paper proposed the structure that applied superconductors to the neutral line of a transformer and 

applied the normal conductors to the third line. The superconductor applied to the neutral line of a transformer limited 

the peak value of initial fault current, while the normal conductor finally limited the fault current. In order to secure 

the operating reliability of transformer type Superconducting Fault Current Limiter (SFCL) of previously proposed 

structure, we analyzed the operating characteristics according to the fault types. We tested a line-to-ground fault and 

a line-to-line fault. As a result of the experiment, all the faults showed that the superconductor stably limited the 

peak-value of initial fault current. Also, the normal conductor finally limited the fault current. Based on this research 

results, We thought that if the structure of inserting superconductor into the neutral line is applied to the real system, 

it could improve the reliability and stability of the power system. 
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1. Introduction

Actually the electrical equipment of the power system is 

rapidly increased and bulked with electrical power demand. 

Accordingly, the impedance of the power system is reduced 

and the fault current is being gradually increased in power 

system. The increasing of fault current results in exceeding the 

cut-off of the circuit breakers. Also, it causes the failure and 

destruction of the other power apparatus, and brings the 

economic loss. Therefore, it is necessary to have the alternative 

reduction of new fault current more systematic and efficient 

[1-6]. Recently various types of Superconducting Fault 

Current Limiter (SFCL) have been investigated. The SFCL 

operates without impedance and causes no loss of line when it 

is normal. However, when the fault is occurred, it generates 

arbitrary impedance and limits the fault current. Also, it is 

recovered to no impedance rapidly after limiting the fault 

current [1-6]. Our research team proposed the transformer 

type SFCL that merged superconductor to the transformer for 

power system [3-5]. It connected power system to 

superconductor with a transformer, and reduced a direct 

burden authorized to superconductor. We analyzed the 

characteristics of fault current through the previous 

experiment, but discovered that the peak-value of initial fault 

current was not limited [4-5]. If the peak-value of initial fault 

current is not limited, suddenly a big current is allowed to 

power apparatus and a protector when the fault is occurring. 

Accordingly, much impact is allowed to power apparatus 

within a short time. In order to solve the problem, our research 

team applied the superconductor to the neutral line of the 

transformer, and applied the normal conductor to the third 

line.

2. Main body  

2.1 Design of Testing Circuit Diagram and Structure 

We composed the small power distribution system for this 

experiment. We set the turn ratio of NP: NS: NT=3:2:1. 

The applied voltage is 240V. We installed the power switch 

of SW-1 and the fault occurring switch of SW-2. We 

installed current transformer (CT) in the secondary line to 

detect the fault current. Also, we connected an SCR control 
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Fig. 1 Experimental circuit diagram that applied the 

superconductor to the neutral line of the transformer

system in series to detect if there was the fault. The 

superconductor used for the experiment is the resistive 

YBCO thin film of 2 inches in diameter. The normal 

conductor is the resistance of 10 ohm/2kW [4-5]. When the 

fault is occurred, CT connected to secondary line detects it 

and SCR-a switch performs this turn-on operation. And, at 

the same time, the superconductor inserted into the neutral 

line is quenched. Accordingly, the peak-value of the fault 

current is limited before the SCR-b switch to performs the 

turn-off operation. If SCR-a and SCR-b switches perform 

the change of current route, the fault current primarily 

limited flows in the third line, and is finally limited by the 

normal conductor.

2.2 A Single Line-to-ground Fault

Fig. 2 is the operating characteristics of R-phase. The 

R-phase is a fault phase in a single line-to-ground fault. 

We applied the power of 240V and used SW-2 to simulate 

the fault. As mentioned, a CT detected the fault current, an 

SCR control system performed the change of current route 

in SCR-a and SCR-b switches. SCR-a switch performed the 

turn-on while the fault was occurred. However, SCR-b 

switch performed the turn- off after the half-cycle due to 

the switching surge. Accordingly, the superconductor 

inserted into the neutral line was quenched and limited the 

peak-value of the initial fault current to 20.57A within a 

half-cycle after the fault of 1.18msec was occurred. After a 

half-cycle, the SCR-b switch performed the turn off, the 

superconductor started to recover it. Also, the fault current 

primarily limited by the switching flowed only in the third 

line, and was limited finally by the normal conductor 

applied to the third line to 7.56A.

Fig. 2 Operating characteristics of R-phase in a single 

line-to-ground fault

Fig. 3 Operating characteristics of R, S-phases in a double 

line-to-ground fault

2.3 A Double Line-to-ground Fault 

Fig. 3 is the operating characteristics of R, S-phases. The 

R, S-phases are the fault phases in a double line-to-ground 

fault. The power of 240V was applied as well as a single 

line-to- ground fault. A CT connected to secondary line in 

series detected the fault, SCR-b and SCR-a switches 

performed the switching. SCR-a switch was closed right after 

the fault. When the normal current flowed in the neutral line 

increased, the superconductor was quenched, and limited 

peak-value of initial fault current primarily to R-phase=26.37A, 

S-phase=24.77A after the fault was occurred to 

R-phase=1.71msec, S-phase= 0.19msec. After a half -cycle, 

the SCR-b switch performed the opening operation, the 

superconductor was started to recover, the current was 

changed. The fault current was primarily limited by 

characteristics of no impedance and the line of the fault 

current was changed. The fault current primarily limited by 

the change of line was limited finally by the normal 

conductor inserted into the third line to R-phase=8.03A, 

S-phase=9.04A.
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Fig. 4 Operating characteristics of R, S, T-phases in a 

triple line-to-ground fault

2.4 A Triple Line-to-ground Fault 

Fig. 4 is the operating characteristics of R, S, T-phases. 

The R, S, T-phases are fault phases in a triple line-to- 

ground fault. It made the similar operating as the above- 

mentioned a single and the double line-to-ground faults. CT 

detected the fault, and the current in the neutral line was 

suddenly increased. The fault was occurred, and the 

superconductor was quenched after R-phase=1.23msec, 

S-phase=0.29msec, T-phase=0.17msec. The superconductor 

primarily limited the peak-value of the fault current to 

R-phase=23.47A, S-phase=29.20A, T-phase=33.07A. After a 

half-cycle, SCR-b switch performed the opening operation 

and the fault current flowed in the third line. Accordingly, 

the superconductor entered in the recovery process for its 

superconductivity after a half-cycle. The fault current was 

limited by the normal conductor inserted into the third line 

to R-phase=9.90A, S-phase=9.22A, T-phase=10.83A. 

Accordingly, it limited primarily the peak-value of initial 

fault current to R-phase=23.23A, S-phase=19.80A After a 

half cycle, when the SCR-b switch was opened and the 

route of fault current was changed, the normal conductor 

limited the fault current to R-phase=8.03A, S-phase=9.57A. 

Also, when the SCR-b switch performed the opening 

operation, the neutral line was opened, and the 

superconductor was recovered into no impedance.primarily 

limited the peak-value of initial fault current to R-phase= 

20.62A, S-phase=27.67A,  T-phase=32.13A after R-phase= 

1.12msec, S-phase=0.28 msec, T-phase=0.19msec. The SCR-b 

switch performed the turn-off, and the route of fault 

current was changed after a half-cycle. The fault current 

flowed in the third line, and finally limited by the normal 

conductor to R-phase=9.86A, S-phase=9.58A, T-phase= 

10.88A. Also, the superconductor limited the peak-value of 

initial fault current and SCR-b switch performed the 

turn-off, it was recovered to the superconductivity to be 

characteristic of no impedance.

2.5 Double Line-to-line Fault 

Fig. 5 is the operating characteristics of R, S-phases. The R, 

S-phases are fault phases in a double line-to-line faults. Also, 

the fault was occurred, and at the same time, SCR-a switch 

performed the closing operation, and the superconductor 

inserted into the neutral line was quenched after R-phase= 

1.5msec, S-phase=0.26msec.

Fig. 5 Operating characteristics of R, S-phases in a double  

line-to-line fault

2.6 A Triple Line-to-line Fault

Fig. 6 is the operating characteristics of R, S, T- phases. The 

R, S, T-phases are fault phases in a triple line-to-line fault. 

Likewise, the fault was occurred, and the superconductor was 

quenched and primarily limited the peak-value of initial fault 

current to R-phase=20.62A, S-phase=27.67A, T- phase=32.13A after 

R-phase=1.12msec, S-phase=0.28msec, T-phase =0.19msec.The 
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SCR-b switch performed the turn-off, and the route of fault 

current was  changed after a half-cycle. The fault current 

flowed in the third line, and finally limited by the normal 

conductor to R-phase=9.86A, S-phase=9.58A, T-phase=10.88A. 

Also, the superconductor limited the peak-value of initial fault 

current and SCR-b switch performed the turn-off, it was 

recovered to the superconductivity to be characteristic of no 

impedance.

Fig. 6.  Operating characteristics of R, S, T-phases in a triple 

line-to-line fault

2.7 Recovery Characteristics of an Superconductor by Fault 

Types 

  The superconductor limited the peak-value of initial fault 

current during a half-cycle before SCR-b switch performed 

the opening operation. After a half-cycle, when the SCR-b 

switch performed the opening operation, the neutral line 

connected to the superconductor was opened. Accordingly, the 

superconductor was recovered to the superconductivity 

characteristic of no impedance after a half-cycle. Fig. 7 

analyzed the recovery characteristics of superconductor by 

fault types. In Fig. 7-(a) when there was a single 

line-to-ground fault, the superconductor of R, the fault phase 

limited the fault current, and recovered it to the 

superconductivity after 1.37msec. In Fig. 7-(b) when there was 

a double line-to-ground fault, the superconductor of R, the 

fault phase took 1.45msec before the superconductivity was 

recovered. However, another superconductor of S, the fault 

phase limited the fault current and, at the same time, was 

recovered. In Fig. 7-(c) a triple line-to-ground fault took 

1.21msec before the superconductor of R phase was recovered. 

Also, the superconductors of S and T, other fault phases 

limited the fault current, and, at the same time, were recovered 

to no impedance. Even in case of a double and the triple 

line-to-line faults in Fig.7-(d), (e), the superconductor of R,

Fig. 7 Recovery time of superconductor by fault type.

(a) single-line-to-ground, (b) double-line-to-ground, (c) 

tripple-line-to-ground, (d) double- line-to-line, (e) 

tripple-line-to-line
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the fault phase limited the fault current, and took 1.6msec and 

0.85msec respectively before its recovery. The superconductors 

of S and T, the fault phases limited the fault current and, at 

the same time, recovered the superconductivity as well as the 

previously mentioned faults. 

3. Conclusion

We proposed the structure that inserted the superconductor to 

the neutral line of the transformer in the power system, and 

inserted the normal conductor to the third line. It limited the 

peak-value of initial fault current when the superconductor 

inserted into the neutral line was quenched. With the switching 

operation of an SCR after a half-cycle, the route of the fault 

current was changed, and the normal conductor inserted into the 

third line finally limited the fault current. In order to secure the 

reliability of operating characteristics of the proposed structure, 

we tested various faults and executed the experiment. As a 

result of the experiment, every line-to-ground and line-to-line 

faults stably limited the peak-value of initial fault current. Also, 

the normal conductor inserted into the third line stably limited 

the fault current. We found that the superconductor inserted 

into the neutral line limited the peak-value of initial fault 

current, and quickly recovered to the superconductivity. Based 

on the experiment, we found that if the structure that applied 

the superconductor to the neutral line of the transformer in the 

power system is applied to real system, it will limit the 

peak-value of fault current quickly and recover, the burden 

allowed to the superconductor could be reduced and the 

reliability of the power supply could be improved.
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