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The increased electricity demands influenced by the recent industrial development make the electric
power distribution system more comprehensive, and the risks are high to cause failures to steady state
electric line due to the extended range of fault at the time of fault occurrence. Also, the high performance
and the high precision electric appliances that sensitive to switching surge and fault current expose vul-
nerability of reduced life span and increased fault occurrence ratio. Therefore, this thesis analyzed the
fault limiting characteristics by the fault types by applying the superconducting fault current limiter to
the neutral line of the transformer in order to reduce the fault currents that flow such high performance
appliances. A current transformer (CT) that detects the fault current in the simulated power distribution
system, a switching control system that is self-developed and a transformer are used in constructing a
circuit. When a fault occurs, the initial fault current is restricted by the superconducting fault current lim-
iter and simultaneously detours the fault current by operating the SCR contact of the switching control
system through the detection by CT. This thesis analyzed the limiting characteristics of the superconduc-
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ting fault current limiter that are applied to the neutral line of the transformer by the fault types.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Discovery of electric energy contributed to the fast development
of industry. The electric energy is significant as it does not produce
harmful substances, converts effectively into other energies, etc.
However, it is being used along with other equipment such as pro-
tective relays and circuit breakers due to its high risk. While the elec-
tricity demand increases and extends, the circuit breaker still sticks
to the conventional methods. Various measures are currently under
consideration to solve the fault current problems according the elec-
tric power system, and researches and developments are going on
the fault current limiter using the superconducting element. The
superconducting elements are characterized with zero resistance
at critical temperature have no losses in power transmission and dis-
tribution lines and have merits that can protect various appliances
and devices according to its installation positions. When a fault oc-
curs to the superconducting fault current limiter at the supercon-
ducting state, quench occurs when the superconducting element
exceeds the critical characteristics. Then, the resistance of the ele-
ment increases and limits the fault current [1,2]. That is, the applica-
tion of the superconducting fault current limiter in the electric
power system uses the process that the superconducting state trans-
fers to the normal conducting state. This thesis analyzed the charac-
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teristics of limiting characteristics of the superconducting fault
current limiter by the fault types to limit the fault current generated
when a fault occurs by applying the superconducting fault current
limiter to commercial transformers and to protect electric
appliances and devices.

2. Experimental data

Fig. 1 shows a circuit diagram of the superconducting fault
current limiter applied to the neutral line of the 3-phase trans-
former [3-5]. The experiment uses 240V as the applying voltage.
When the applying voltage flows into through SW-R1, SW-S2, and
SW-T1, the current flows on the first coil of the transformer and
the voltage is abandoned at the second winding. Table 1 shows
the inductance of the 3-phase transformer coils and the turn ratio
of the transformer was set at Np:Ns:Np = 3:2:1 in order to observe
the characteristics of the current that are supplied to the load.
The CT was installed to detect the fault current at the second wind-
ing and the SCR control system operates the SCR when the fault
current was detected. The occurrence of the fault current was
simulated using the SW-R2, SW-S2, and SW-T2 switches, and the
faults were occurred at a single, double, triple line-to-ground fault
and a double, triple line-to-line fault. Table 2 shows the specifica-
tion of the superconducting element used in the fault current
limiter; the superconducting fault current limiter limits the fault
current when a fault occurs, the SCR-b of the neutral line
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Fig. 1. It shows a circuit diagram of the superconducting fault current limiter applied to the neutral line of the three-phase transformer.

Table 1

It shows the inductance of the 3-phase transformer coils.

Coil R-phase inductance S-phase inductance T-phase inductance
(mH) (mH) (mH)

Primary 6.02 7.73 4.90
Secondary 4.01 5.12 3.26
Third 2.00 2.55 1.63

Table 2

Specification of the superconducting element (YBCO thin film).
Parameter Value Unit
Diameter 254 mm
Width of a line 2 mm
Length 540 mm
YBCO thickness 0.3 1m
Au thickness 0.1-0.2 pm
Critical current 20 A
Resistance 28 Q

simultaneously turns off, the SCR-a of the third winding turns on,
and the fault current is limited by the normal conducting fault cur-
rent limiter. The fault cycle was set at 5 cycles and the fault limiting
characteristics of the superconducting fault current limiter was
analyzed. The principle of current limitation was shown in Refs.
[6,7].

2.1. Experimental results and discussion

When the faults with 5 cycle occurred by applying 240V, the
limiting characteristics of the superconducting fault current limiter
was analyzed by the fault types. Fig. 2 shows the limiting charac-
teristics of the superconducting fault current limiter by the fault
types. Fig. 2a shows the limiting characteristics of the supercon-
ducting fault current limiter when a single line-to-ground fault.
The normal state current was measured at 2.93 A. The fault current
rose after the fault occurred and limited at 42.03 A due to quench
of the superconducting element, and the switching operation of
SCR made the fault current detoured and limited at 8.68 A.
Fig. 2b shows the limiting characteristics of the superconducting
fault current limiter when a double line-to-ground fault occurs.
The steady state currents was measured as 2.91 A at R-phase and
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