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Abstract This paper presents a saturated magnetic core
superconducting current limiter (SCSFCL) operation sim-
ulation results using finite element technique. The super-
conducting current limiter uses BSCCO tape to produce
magnetic core saturation to increase the device inductive
reactance, during a short-circuit occurrence, thus limiting
the short-circuit electric current. The electrical current lim-
iter presents a limiting factor of 56 % of the prospective
electrical fault current during 100 ms. A prototype of this
SCSFCL is under construction to be tested in a supercon-
ducting laboratory.

Keywords Superconductor · Electrical current limiter ·
Saturated magnetic core · Finite elements

1 Introduction

The increasing levels of the short-circuit electrical cur-
rent in electric power distribution systems stem from
the inclusion of distributed generators or are due to the
increased power of their feeder loads, requiring the chang-
ing of protective equipment or the subdivision of the dis-
tribution lines, requiring investments in new transformers,
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breakers, and many other equipments. One possible solution
of this problem is the use of fault current limiters (FCL),
especially models that use high-temperature superconduct-
ing (HTS) materials [1–3]. A FCL is an equipment that
presents low impedance to the electric current under nor-
mal conditions and high impedance during a fault. Another
desirable property of this equipment is the fast impedance
transition just after the fault event, so that the electrical sys-
tem can start operating again. The SCSFCL, which is the
object of the study of this paper, uses a magnetic mate-
rial core to insert an inductive reactance in series with
the circuit where the current is to be limited. The role of
the superconductor material is to decrease losses in the
magnetic field and minimize the space occupied by the
conductors.

2 Dynamic Simulation of SCSFCL

2.1 Constructive Characteristics

The saturated magnetic core superconductor fault current
limiter (SCSFCL) consists of two magnetic cores per phase
(Fig. 1), with equal dimensions, arranged one beside the
other, where their legs are parallel, thus forming a central
branch with a spacing between the legs to prevent shake
and mechanical damage to the cores. The central legs of
the magnetic core FCL are involved by a cylindrical coil
of superconducting BSCCO tape of 4.2 mm width and
0.23 mm thickness, and critical current Ic = 85 A, that
will be excited by a direct current source. The function of
this winding is to create a magnetic field enough to saturate
the magnetic core material. In the outer legs of the magnetic
cores, there are two windings, one per magnetic core arm
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Fig. 1 SCSFCL with protection
circuit

connected to the AC power grid. These windings are made
of copper and are wounded to create equal magnetic fields
with opposite directions [4].

2.2 SCSFCL Operation

In regular operation, the superconducting winding is fed
by a DC that generates a magnetic field sufficient to satu-
rate the magnetic cores. In this way, the SCSFCL presents
low impedance as seen from the AC. At the instant of

the fault occurrence, one of the branches’ short-circuit
current demagnetizes the SCSFCL core, increasing the
impedance of the AC circuit, limiting the line current [5].
At the same time, the fault is detected by a control cir-
cuit that sends a signal to an electronic switch (IGBT)
to disconnect power from the SCSFCL DC circuit, pre-
venting that the induced winding voltage limiter cause
damage to it and degaussing the core completely, increas-
ing even more its impedance from the point of view of
AC [6].

Table 1 Specifications and dimensions of the circuit windings of SCSFCL

Parameters Values

Phases 3

Nominal voltage (line)- Vrms 380

Nominal operational current - Vrms 30

Maximum fault current - Vrms 1500

Current limitation factor - % 56

Magnetic core height - mm 481

Magnetic core width - mm 225

Core leg diameter - mm 35

Copper AC winding turns 50/each one

Transversal section of copper conductor - mm2 15 × 2

Superconductor DC windings turns 300

Superconductor YBCO tape dimensions - mm2 4, 2 × 0, 22

Nominal current DC A 80
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Fig. 2 SCSFCL structure

The dimensions of the prototype SCSFCL are shown in
Table 1 [2]. The structure design of three-phase SCSFCL
can be seen in Fig. 2, where it shows six core AC windings
on the outer legs of each magnetic core. At its center, the
cryostat and the reel with the DC winding superconductive

tape involving all legs of the SCSFCL central branch can be
observed.

3 Simulation Results

To simulate the SCSFCL operation, a 2D computational
finite element software “ANSYS Maxwell” in association
with “ANSYS Simplorer” circuit editor was used. Figure 3
shows the ANSYS Simplorer simulation circuit, were E1
represents one phase of a 96 − kVA/380 − V generator;
the central block is the SCSFCL modeled in Maxwell; R4
is a one phase load; R5, S2, and S6 are the fault circuit; I1
is the DC source; S3 and S7 represents the IGBTs; and R8
is the energy release circuit. Some electric components are
necessary to the computational simulation convergence. In
the Fig. 4, DC winding were modeled using copper, because
there is no superconductor tapes model in ANSYS Maxwell.
For simulation purposes, this action do not changes FCL
results, because the only interest is the magnetic field cre-
ated by this winding. Figure 4 shows the SCSFCL core
phase magnetic field distribution graph at the fault moment
in the DC and AC windings. The right branch has its mag-
netic field near to 1.9 T in saturation condition, but in the
left branch, the magnetic field is reduced to approximately
0.8 T, increasing the AC circuit inductance and limiting the
current.

The short-circuit currents were measured in two situa-
tions: the first (red) one is the DC source that is protected
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Fig. 3 ANSYS Simplorer simulation circuit
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Fig. 4 ANSYS Maxwell
magnetic field distribution in
SCSFCL cores

by an electric switch (IGBT) that opens the direct cur-
rent circuit (Fig. 5). The other one (blue) is the DC power
supply that continues to feed the magnetizing circuit dur-
ing the fault. The fault occurs at time 50 ms. It can be
seen that the DC source has an electrical protection. The
limited current amplitude decreases along the time. In
the other case, with no electrical protection, the current
amplitude remains the same and only the DC short-circuit

component decrease along the time. This behavior occurs,
because when the DC is removed, the magnetic core is
demagnetized, increasing the inductance as seen from the
AC circuit.

In Fig. 6, the induced voltage by the fault in the DC
source reaches the values close to 500 V; this is a situa-
tion that could damage the DC power supply circuit. On the
other hand, when there is a protection circuit, the induced

Fig. 5 Comparative of limited
currents, with or without
protection circuit
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Fig. 6 Comparative of inducted
voltages on DC source

voltage at the DC source is zero. It shows the importance
of a DC winding protection circuit. There is a voltage
step at the time instant 125 ms in this simulation. It is a
computational problem that occurs due to the reaction of
the IDC source mathematical model to remagnetize the iron
core; in real case, it does not occur; the voltage step will
have the same value of the IDC source rated value.

Figure 7 shows the comparison between the prospec-
tive fault current and limited current. It can be seen that
the prospective current has a peak value of about 430
A and the limited current has a first peak value of 190
A, indicating that the SCSFCL has a limiting factor of
2.2 times the rated value, reducing the electric current by

approximately 56 %. This result is very close to the value
obtained in the reference [2]. The phase shift between the
prospective current and the limited current, about 90◦, is
caused by the SCSFCL reactance inserted in the AC circuit
during the short circuit. The prospective short-circuit cur-
rent shown in Fig. 7 was obtained using a resistive circuit
simulation.

Table 2 shows the relationship between the DC wind-
ing and the voltage drop on the terminals of AC windings,
obtained through simulations, using different AC levels to
optimize the working conditions of SCSFCL and evaluating
the losses at normal operation, working near 5.6 % voltage
drop.

Fig. 7 Performance of the
SCSFCL prospective current
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Table 2 Results of Iron Core Magnetization Simulation

Voltage Apparent

DC AC drop on 1 impedance

superconductor current phase of 1 phase

current (A) (Arms) (Arms) coil(ohm)

20

12 7.08 0.59

20 13.23 0.66

30 33.86 1.12

40

12 6.28 0.523

20 10.50 0.525

30 17.28 0.576

60

12 5.93 0.49

20 9.81 0.49

30 14.82 0.49

80

12 4.90 0.408

20 8.26 0.413

30 12.38 0.413

4 Conclusion

The results of simulations show the good performance of
SCSFCL, and that it is a good tool for the design of this type
of equipment from the viewpoint of the electrical system
dynamic operation.

As the SCSFCL presents magnetic cores, which oper-
ate saturated or unsaturated, the best way to simulate its
dynamic operation inside the electric power system is using
the finite elements method to calculate the inductance of a
coil to be connected to the right place of the electrical power
system to limit the current when a short circuit occurs. How-
ever, to find the exact value for each inductance to be placed
at any point of the electrical power system is one of our
future work. The SCSCFL requires a protection circuit to
remove the DC power supply to do its work more efficiently.
This is also one of our future works.
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