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Abstract: As microgrid grows and will become more interconnected, high short-circuit current level is a serious prob-
lem, which will threaten the safe and stable operation of power system. Superconducting fault current limiter (SFCL) is
mainly used to solve the problem and can limit a prodigious short-circuit current to a lower level so that the protection
devices can be operated safely. This paper is aimed towards the problem of utilizing SFCL with the purpose of safe
operation enhancement of medium-low voltage microgrid network. The power grid model was built by using Simulink
and SimPowerSystem blocks in Matlab according to the actual power system. In the case of interconnection power grid
with different voltage levels, an appropriate resistance value could be obtained by analyzing the relationship between
fault current reduction and the resistance value of SFCL in the same voltage level. The investigation on how to use SFCL
to limit fault current level was conducted by utilizing the built model. The power grid fault occurred in middle or low
voltage distribution network was simulated and the impact of SFCL on fault current reduction was evaluated.
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1 INTRODUCTION

With the development of our society and the power grid, the
consumption of electricity has continued to increase and
the infrastructure of power grid has become more complex.
For these reasons, smart grid has been proposed to be a
bright vision of the future power grid, which can manage
the power consumption in real time and be more environ-
mental, flexible and reliable than traditional power system
[1]. In a smart grid, microgrid technology is an effective
way to promote the development of renewable energy re-
sources. However, one critical problem of integration of
new energy is the excessive fault current due to the DGs
within electric power grid [2].
When the short circuit current exceeds a certain level, a se-
ries of problems will take place during the construction and
operation of power system. Microgrid may or may not be
connected to the conventional power grid, but the integra-
tion of different kinds of DGs and loads with safety should
be satisfied [3]. Short circuit current contains extremely
high energy, and may damage electrical equipment. When
the fault current level increases more than the cutoff value
of associated power device, all devices must therefore have
a power rating that can withstand the short circuit curren-
t. Typically, when a fault occurs, the circuit breaker has
a response time delay that allows initial two or three fault
current cycles to pass through before getting activated [4].
But circuit breakers, sometimes, fail to deal with the high
strength of fault current, so they cannot break off and force
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the system to crash.

Current limiting devices are becoming more and more im-
portant due to the connection of DGs, whose access ca-
pacity can lead to a higher fault current level. With the
advantages of fast response time and automatic recovery
features that other current limiting devices dont have, SF-
CL can integrate detection, triggering and limiting current
in one device, and becomes one of the most ideal current
limiting devices. SFCL is an innovative electric equipment
and can effectively reduce the current level within the first
cycle of fault current [5].

The effect of SFCL on voltage sag was analyzed according
to fault location, SFCL’s resistance value, and the length of
loop system when a SFCL was installed in a radial or loop
power distribution system [6]. Reference [7] presented S-
FCL in a low voltage AC microgrid for its fault transient
suppression. The performance and positioning of DC SF-
CL in a low voltage DC microgrid and AC SFCL in AC
microgrid [9] have been investigated. Reference [10] ana-
lyzed the working capability of SFCL in a test-bed micro-
grid. In this paper, the application of SFCL to limit the fault
current of medium-low voltage microgrid network and the
issue of current limiting impedance of SFCL in the inter-
connection power grid with different voltage levels are dis-
cussed. The article is organised in the following manner.
In Section II, we build the model of the power system in
MATLAB/SIMULINK, and discuss how to select a suit-
able resistance value of SFCL. In Section III, how to limit
the short circuit current of the power grid and the simula-
tion analyses in different cases are discussed. Section IV is
the conclusion.
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Figure 1: Power System Model Designed in MATLAB/SIMULINK

2 TECHNICAL ANALYSIS

2.1 Power System Model

Figure 1 shows the power system model designed in MAT-
LAB/SIMULINK. The low voltage microgrid integrated
with solar power generation, and the medium voltage mi-
crogrid integrated with a wind farm, all of these DG units
are connected to the power grid through inverters. A 15k-
W PV generation is connected to the low voltage distribu-
tion network through the LC filter. The working voltage
is 380V and this voltage is chosen by considering the ac-
tual operation voltage of low voltage AC power network.
The wind farm consisting of five 1.5 MW wind turbines is
connected to 10.5 kV distribution network through trans-
former TR2.Wind turbines using a doubly-fed induction
generator(DFIG) consist of a wound rotor induction gener-
ator and an AC/DC/AC IGBT-based PWM converter mod-
eled by voltage sources. The stator winding is connected
directly to the 50 Hz grid while the rotor is fed at variable
frequency through the AC/DC/AC converter. At the sub-
station(TR1), the power system voltage is stepped down to
10.5 kV from 110 kV transmission network. Power load-
s are indicated with the symbols of load1 to load5(2 MW
each) are being supplied by separate branch networks. In
order to facilitate the simulation analysis, the impedance
of the power line with shorter length is equivalent into the
short circuit resistance and the load power of load6 is rela-
tively smaller than that of others.

2.2 SFCL Model

The function of SFCL is to limit short circuit current by
inserting equivalent current limiting impedance quickly
when electric power grid fault occurs. At the same time,
current limiting resistance can reduce the switch condition
of fault current of circuit breaker, so as to improve the im-
pact of short-circuit fault on power network. The new type
resistance SFCL that is small size and light weight has sim-

ple principle and structure, which not only can improve
the operation performance of electric power line but also
can promote the operation reliability of power system, so it
has a broad application prospect. During normal operation,
based on the zero resistance phenomenon of superconduc-
tivity [11], the superconducting part is in its superconduct-
ing state and the normal operation current passes with the-
oretically no loss because of the SFCL’s low-loss nature. In
the case of a short-circuit, the critical current of the super-
conductor is exceeded and the superconductor undergoes a
transition to its normal state, so a certain value of nonlinear
resistance is produced by self-sensing and self-triggering
[12].
The SFCL does not have switching impulse during the
dynamic process since it has not any moving mechanical
part and the self-triggering. This will thereby increase
the chance of quickly achieving successful fault curren-
t interruption. The SFCL could offer a solution for con-
trolling short circuit current level in utility distribution and
transmission networks [13]. The superconducting element,
played the role as a nonlinear variable resistance, is inserted
directly in series with the power line to be protected. It uses
a transition from superconducting-state to normal-state, so
as to limit the fault current level. This not only can protect
the electrical equipment, but also can effectively cut off the
circuit breaker of the faulty line.
The resistive type SFCL was designed to be a nonlinear
resistance evolution as a function of time [14]. Based on
the experimental studies for superconducting elements be-
ing applied in the actual power distribution system [6], its
mathematical model can be expressed as follows:

𝑅(𝑡) =

⎧
⎨

⎩

0 (𝑡 < 𝑡0)

𝑅𝑛[1 − 𝑒𝑥𝑝(− 𝑡−𝑡0
𝜏 )]

1
2 (𝑡0 ⩽ 𝑡 < 𝑡1)

𝑎1(𝑡− 𝑡1) + 𝑏1 (𝑡1 ⩽ 𝑡 < 𝑡2)
𝑎2(𝑡− 𝑡2) + 𝑏2 (𝑡2 ⩽ 𝑡 < 𝑡3)

0 (𝑡 ⩾ 𝑡3)

(1)
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Figure 2: Quenching and Recovery Characteristics of SF-
CL

Table 1: Fault Current Changes in Case of Fault 1

Transformer 1 Wind Farm PV Generation

SFCL 1 Affect % Affect % Affect %

Location 1 Decreased 77.78% Decreased 41.21% Decreased 73.15%

Where𝑅𝑛 and 𝜏 represent the impedance being saturated at
normal temperature and time constant, respectively. In ad-
dition, 𝑡0, 𝑡1, and 𝑡2 represent quench-starting time, the first
recovery-starting time, and the secondary recovery-starting
time, respectively. As showed in Figure 2, it exhibits the
detailed quenching and recovery characteristics of resistive
type SFCL. Considering the thermal environment and the
system parameters, the SFCL’s recovery time may be less
than 0.5s [15], so as to match up the reclosing time of pow-
er grid.

2.3 Resistance Analysis of SFCL

With the continuous development of new energy, a variety
of DGs with different capacities will be connected to power
network. Each distributed power supply will increase the
short-circuit current, which will change the original fault
current level of power system. When a fault occurs in a
power system, the use of SFCL to limit the current is be-
coming increasingly important because of the connection
of DGs, whose access capacity can result in a high fault-
current level. But how to choose an appropriate value of
current limiting resistance of SFCL in the interconnection
power grid with different voltage levels is a problem. When
a fault occurs, according to the demand for fault current
reduction of power system, the current limiting resistance
of different voltage levels should not be the same. In the
case of medium-low voltage distribution network integrat-
ed with DGs, this paper proposes to analyze the relation-
ship between the fault current reduction of the maximum
short-circuit current source and the resistance value of SF-
CL in the same voltage level. In the power grid model of
this paper, the fault position may occur in the medium or
low voltage distribution network. In these two cases, the
same analysis method is used.
When a fault occurs in the medium-voltage microgrid net-
work, as showed in Figure 1, fault currents from Trans-
former 1, wind power as well as PV generation will flow
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Figure 3: Comparison of Fault Currents in Case of Fault 1
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Figure 4: Relationship Between Fault Current Reduction
and SFCL Resistance in Case 1

towards the fault point. Figure 3 displays a comparison of
fault currents in case of fault 1, the short-circuit currents of
the transformer 1, wind power and PV generation signif-
icantly increase. When the three-phase short-circuit fault
(Fault 1) occurred, the installation location (Location 1) of
SFCL was used to analyze this situation. Due to the max-
imum short-circuit current of transformer 1 was obvious-
ly larger than that of other distributed generations, so this
paper analyzed the relationship between the fault current
reduction of transformer 1 and the SFCL resistance of lo-
cation 1. With the increase of current limiting resistance,
as showed in Figure 4, current limiting effect is more obvi-
ous. When the resistance is 7 ohms, as showed in table 1,
it is obvious that the current limiting effect of transformer
1 is the best. Within the first half cycle, the maximum fault
current of transformer 1 is decreased by nearly 80% to a
low current level.
When three-phase grounding fault happened in the low-
voltage microgrid network, as showed in Figure 1, the anal-
ysis range changed to consider the transient performance
of transformer 8 and solar power generation. In this case,
the same analysis method that was used in the medium-
voltage microgrid network was adopted. The relationship
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Figure 5: Relationship Between Fault Current Reduction
and SFCL Resistance in Case 2

between the fault current reduction of transformer 8 and
the SFCL resistance of location 3 is shown in Figure 5, the
current limiting effect is more obvious when SFCL resis-
tance increases. Based on the demand for current limiting
of electric power system, a suitable resistance value could
be chosen in the actual application process according to the
relationship between fault current reduction and SFCL re-
sistance in different voltage levels.

3 COMPREHENSIVE APPLICATION

Investigation on how to use SFCL to limit the fault current
level is of great importance for dynamic performance im-
provement of power network. Strategic and economic lo-
cation of SFCL in power network which limits all fault cur-
rents and has no negative effect on the DG source is the lo-
cation of integration point[8],[9]. In the medium-low volt-
age microgrid network, as showed in Figure 1, the positions
of integration points of PV generation and wind power are
adopted to install SFCLs to reduce the short-circuit current
of the power grid. The installation locations of SFCLs are
marked as Location 2 and Location 3, and the power grid
faults are marked as Fault 2 and Fault 3. As three-phase-
to-ground fault has the most serious impact on power grid,
so all faults select this kind of short circuit fault.

3.1 Current Comparison of Installation Location 2

When a fault occurs in the medium-voltage microgrid net-
work, the integration point of wind power generation is
used to limit the short circuit current of the power grid. As
Figure 1 shows, Location 2 was installed with SFCL and
fault may occur in the medium or low voltage distribution
network.
Figure 6 shows the compared short-circuit currents of In-
stallation Location 2. After fault 2 occurred, without the
SFCL, the peak value of fault current could reach 4200A in
the first half cycle. With the SFCL installed, the maximum
short-circuit current was limited to about 1000A within the
first half of the cycle, this current is only two times the peak
value of the normal operation current. It can be seen from
the graph, the fault of the low-voltage microgrid network
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Figure 6: Current Comparison of Installation Location 2
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Figure 7: Current Comparison of Installation Location 3

is comparatively a small fault, which has little impact on
the current change of medium voltage distribution network
when Fault 3 occurred in the low voltage customer side
distribution network. From the simulation results, after the
quenching of SFCL, the limitation resistance will quickly
rise up to limit current in the first cycle and can signifi-
cantly reduce the short circuit current of medium-voltage
microgrid network.

3.2 Current Comparison of Installation Location 3

In the case of a fault occurs in the low-voltage microgrid
network, the same analytical method is adopted to simulate
the impact of SFCL on fault current reduction of the power
grid. As Figure 1 shows, the integration point (Location
3) of PV generation is used to limit the short circuit cur-
rent and fault may happen in the medium or low voltage
distribution network.
Compared fault currents of installation location 3 are
showed in Figure 7. When a three-phase-to-ground fault
(Fault 3) happened in the low voltage distribution network,
without the SFCL, the peak value of fault current could
reach 2300A in the first half cycle. With the SFCL in-
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stalled, the maximum short-circuit current was limited to
about 500A within the first half of the cycle, this curren-
t is only more than two times the peak value of the nor-
mal operation current. From the picture, we can also see
the fault of medium voltage distribution network is com-
paratively a big fault, which has an obvious impact on the
current change of the low-voltage microgrid network when
Fault 2 occurred. Based on the simulation results, it can
be observed the use of SFCL can significantly reduce the
short circuit current to a low level. An important aspect to
be noted here is that the impacts of faults in medium and
low voltage distribution network are significantly different
to each other. When the SFCL is strategically located at
the integration point of DG, the fault current reduction is
also achieved. Thus, the practical application of SFCL can
consider the integrated strategy of this paper as a reference
in the interconnected power network with different voltage
levels.

4 CONCLUSION

This paper presented how to utilize SFCL to achieve the
fault current reduction in medium-low microgrid network.
The model of power system was established and the tran-
sient analysis for SFCL installed in medium or low voltage
distribution network was performed. It has been observed
that the resistance values of SFCLs shouldnt be the same
in different voltage levels of power grid and an appropriate
resistance value can be achieved by analyzing the relation-
ship between the fault current reduction of the maximum
short-circuit current source and the resistance value of S-
FCL. Simulations show that SFCL not only can limit fault
current level to a suitable value, but also can improve the
operation dynamic of interconnection power network with
different voltage levels. The research in this paper can be
used as a reference for engineering practice, which pro-
vides a feasible integrated strategy for the continuous de-
velopment of power grid technology.
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