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Abstract
One of the important application of superconducting fault current 
limiters (SFCL) for upcoming smart grid is related to its possible 
effect on the reduction of abnormal fault current and the suitable 
location in the micro grids. Due to the grid connection of the 
micro grids with the current power grids, excessive fault current 
is a serious problem to be solved. In this paper, a resistive type 
SFCL model was implemented by integrating Simulink and 
SimPowerSystem blocks in Matlab.The designed SFCL model 
could be easily utilized for determining an impedance level of 
SFCL according to the fault-current-limitation requirements of 
various kinds of the smart grid systems. In addition, typical smart 
grid model including generation, transmission and distribution 
network with dispersed energy resource was modeled to determine 
the location and the performance of the SFCL. A dispersed energy 
resource, 10 MVA wind farm was considered for the simulation. 
Three phase fault has been simulated at different locations in 
smart grid and the effect of the SFCL and its location on the 
wind farm fault current was evaluated and its performance has 
been analyzed.
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I. Introduction 
Conventional protection devices installed for protection of 
excessive fault current in electric power systems, particularly at 
the high voltage substation level, are the circuit breakers tripped 
by over-current protection relay which has a response-time delay 
that allows initial two or three fault current cycles to pass through 
before getting activated [1]. But, Superconducting Fault Current 
Limiter (SFCL) is innovative electric equipment which has the 

capability to reduce fault current level within the first cycle of 
fault current. 
The first-cycle suppression of fault current [2] by a SFCL results 
in an increased transient stability of the power system carrying 
higher power with greater stability [3]. Smart grid is the novel 
term used for future power grid which integrates the modern 
communication technology and renewable energy resources for 
the 21st century power grid in order to supply electric power which 
is cleaner, reliable, resilient and responsive than conventional 
power system [4].
One of the important aspects of the smart grid is decentralization 
of the power grid network into smaller grids, which are known as 
micro grids, having Distributed Generation sources (DG) connected 
with them. These micro grids may or may not be connected with 
conventional power grid, but the need to integrate various kinds 
of DGs and loads with safety should be satisfied [2]. Two major 
challenges arrived by direct connection of DGs with the power 
grid are the excessive increase in fault current and the islanding 
issue which is caused, when despite a fault in the power grid, DG 
keeps on providing power to fault-state network [5].
Up to now, there were some research activities discussing the 
fault current issues of smart grid [6-7]. Solving the problem of 
increasing fault current in micro grids by using SFCL technology 
is the main topic of this work. In this paper, the effect of SFCL and 
its position was investigated considering a wind farm integrated 
with a distribution grid model as one of typical configurations 
of the Smart grid. The impacts of SFCL on the wind farm and 
the strategic location of SFCL in a micro grid which limits fault 
current from all power sources and has no negative effect on the 
integrated wind farm was suggested on the integrated wind farm 
was suggested.

Fig. 1: Power System Model Designed in Simulink/Sim Power System. SFCL Locations are Indicated in the Diagram
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II. Simulation Set-up
Matlab/Simulink/SimPowerSystem was selected to design 
and implement the SFCL model. A complete smart grid power 
network including generation, transmission, and distribution 
with an integrated wind farm model was also implemented in it. 
Simulink /SimPowerSystem have number of advantages over its 
contemporary simulation software (like EMTP, PSPICE) due to its 
open architecture, a powerful graphical user interface and versatile 
analysis and graphics tools. Control systems designed in Simulink 
can be directly integrated with SimPowerSystem models.

A. Power System Model
The modeled power system consists of an electric transmission 
and distribution power system. Newly developed micro grid 
model was designed by integrating a 10 MVA wind farm with 
the distribution network. Fig. 1 shows the power system model 
designed in Simulink/SimPowerSystem. The power system is 
composed of a 100 MVA conventional power plant, composed of 
3-phase synchronous machine, connected with 200 km long 154 
kV distributed-parameters transmission line through a step-up 
transformer TR1. At the substation (TR2), voltage is stepped down 
to 22.9 kV from 154 kV. High power industrial load (6 MW) and 
low power domestic loads (1 MW each) are being supplied by 
separate distribution branch networks. The wind farm is directly 
connected with the branch network (B1) through transformer TR3 
and is providing power to the domestic loads. The 10 MVA wind 
farm is composed of 3 fixed-speed induction-type wind turbines 
each having a rating of 2MVA. In Fig. 1 artificial fault and locations 
of SFCL are indicated in the diagram. Three kinds of fault points 
are marked as Fault 1, Fault 2 and Fault 3, which represent three-
phase-to-ground faults in distribution grid, customer grid and 
transmission line respectively. Three prospective locations for 
SFCL installation are marked as Location 1 (Substation), Location 
2 (Branch Network), and Location 3 (Wind farm integration point 
with the grid). Generally, conventional fault current protection 
devices are located in Location 1 and Location 2.The output 
current of wind farm (the output of TR3 in fig. 1) for various 
SFCL locations have been measured and analyzed.

Fig. 2: Single Phase SFCL Model Developed in Simulink/Sim 
Power System

B. Resistive SFCL Model
The three phase resistive type SFCL was modeled considering four 
fundamental parameter of a resistive type SFCL. These parameters 
and their selected values are:
1. Transition or response time 2. Minimum impedance and 
maximum impedance 3. triggering current and 4. Recovery time. 
Its working voltage is 22.9 kV. Fig. 2 shows the SFCL model 
developed in Simulink/SimPower System. 

The SFCL model works as follows. First, SFCL model calculates 
the RMS value of the passing current and then compares it with 
the characteristic table. Second, if a passing Current is larger 
than the triggering current level, SFCL’s resistance increases to 
maximum impedance level in a pre-defined response time. Finally, 
when the current level falls below the triggering current level the 
system waits until the recovery time and then goes into normal 
state. SFCL has been located at substation (Location1) and for a 
distribution grid fault (Fault 1), various SFCL impedance values 
versus its fault current reduction operation has been plotted. 
Maximum fault current (No SFCL case) is 7500 A at 22.9 kV for 
this arrangement.

III. Results and Discussion
Three scenarios of SFCL’s possible locations were analyzed for 
three different fault occurring points in the power system depicted 
in Fig. 1. First, we assumed that single SFCL was located at 
Location 1 (Substation). Second, single SFCL was located at 
Location 2 (Branch Network). Third, single SFCL was located 
at Location 3 (Wind farm integration point).

A. Fault in the Distribution Grid (Fault 1)
In the case when a three-phase-to-ground fault was initiated in 
the distribution grid (Fault 1 in Fig. 1) SFCL located at Location 
1 (Substation) or Location 2 (Branch Network), fault current 
contribution from the wind farm was increased and the magnitude 
of fault current is higher than ‘No FCL’ situation. These critical 
observations imply that the installation of SFCL in Location 1 
and Location 2, instead of reducing, has increased the DG fault 
current. This sudden increase of fault current from the wind farm 
is caused by the abrupt change of power system’s impedance. The 
SFCL at these locations (Location 1 or Location 2) entered into 
current limiting mode and reduced fault current coming from the 
conventional power plant due to rapid increase in its resistance. 
Therefore, wind farm which is the other power source and also 
closer to the Fault 1 is now forced to supply larger fault current 
to fault point (Fault 1). In the case when SFCL is installed at the 
integration point of wind farm with the grid, marked as Location 
3 in Fig.1 wind farm fault current has been successfully reduced. 
SFCL gives 67% reduction of fault current from wind farm and 
also reduce the fault current coming from conventional power 
plant because SFCL is located in the direct path of any fault current 
flowing towards Fault 1.

B. Fault in customer Grid (Fault 2)
In this case when a three-phase-to-ground fault was initiated in 
the customer grid (Fault 2 in Fig.1). Fault 2 is comparatively a 
small fault as it occurred in low voltage customer side distribution 
Network. The Following results were observed.
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Fig. 3: Output Waveforms of Wind Farm When SFCL is Placed 
at 3 Different Locations for Distribution Grid Fault

Once again the best results are obtained when a single SFCL is 
located at  Location 3, which is the integration point of the wind 
farm with the distribution grid.

C. Fault in Transmission Line (Fault3)
Fault3 indicates the rarely occurring transmission line fault which 
results in very large large currents. When a fault in transmission 
line occurs, fault current from the conventional power plant as 
well as the wind-farm would flow towards fault point. In case of 
wind farm, fault current would flow in reverse direction through 
the substation and into the transmission line to fault point Thus 
SFCL positioned at Location 1(Substation) or location

Fig. 4: Output Waveforms of Wind Farm When SFCL is Placed 
at 3 Different Locations for Customer Grid Fault

2 (Branch Network) reduces the wind farm fault current. This 
result comes from the fact that SFCL is installed directly in the 
path of reverse current being generated by the wind farm towards 
fault point. The majority of faults in a power system might occur 
in the distribution grid. An important aspect to be noted here is 
that wind farms on distribution side can contribute fault currents to 
transmission line faults and this phenomenon must be considered. 
While designing the protection schemes for the smart grid. Fig.6, 
Fig.7, Fig.8 Shows the comparison between SFCL installation 
scenarios and their Contribution in wind farm fault current 
reduction for distribution grid faults (Fault 1 and Fault 2).
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Fig. 5: Output Waveforms of Wind Farm When SFCL is Located 
at 3 Different Locations for Transmission Line Fault

When the SFCL was strategically located at the point of integration 
of the wind farm with the grid (Location 3), the highest fault current 
reduction was achieved. Reduction in wind farm fault current for 
various SFCL locations were summarized in Table 1.
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Fig. 6: Comparison of Fault Currents for SFCL Locations in 
Distribution Grid
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Fig.7. Comparison of Fault Currents for SFCL Locations in 
Customer Grid

-500
0

500
1000
1500
2000
2500
3000
3500
4000
4500
5000

0.36 0.38 0.4 0.42 0.44

Time (Sec)

Cu
rre

nt
(A

m
pe

re
s)

No Fcl
Branch
Substation
Integration

Fig. 8: Comparison of Fault Currents for SFCL Locations in 
Transmission Lines

All the fault current magnitudes are clearly indicated in the 
following table. The Results which are given above are for a 
three phase fault is applied at 3 locations in fig. 1.

Table 1: Percentage Change in Wind Farm Fault Current Due to 
SFCL Locations for Three Phase Fault

Fault 1
Distribution 
grid

Fault 2
Customer grid

Fault 3
Transmission 
Line

Fault 
Magnitude 800A 580A 4400A

SFCL 
Location %Of    Affect %Of    Affect %Of    Affect

Location 1
1025A
(28% 
increased)

1050A  
(81%increased)

1540A
(65% increased)

Location 2 1025A  (28% 
increased)

875A
(51% increased)

1320A
(70% decreased)

Location 3
265A
(67% 
increased)

580A
No effect

4100A
(7% decreased)

Similarly for line to Ground Fault and Line to Line Fault the 
Magnitudes and the comparison between SFCL installation 
scenarios and their contribution in wind farm fault current 
reduction for distribution grid faults (Fault 1 and Fault 2).
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Fig. 9: Comparison of Fault Currents for SFCL Locations in 
distribution grid For a L-G Fault

When the SFCL was strategically located at the point of integration 
of the wind farm with the grid (Location 3), the highest fault 
current reduction was achieved. 
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Fig. 10: Comparison of Fault Currents for SFCL Locations in 
Distribution Grid for L-L Fault



IJEAR Vol. 4, IssuE spl-1, JAn - JunE 2014

w w w . i j e a r . o r g 76   InternatIonal Journal of educatIon and applIed research

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

When the SFCL was strategically located at the branch network, 
Substation the highest fault current reduction was achieved. This 
is clearly observed from the fig. 10.

Table 2: Percentage Change in Wind Farm Fault Current Due to 
SFCL Locations for LG, LL Faults in Distribution Grid

L-G Fault in
Distribution grid

L-L Fault in
Distribution grid

Fault 
Magnitude 399A 547A

SFCL 
Location %Of    Affect %Of    Affect

Location 1 587A
(47% increased)

402A
(26% decreased)

Location 2 587A
(47% increased)

402A
(26% decreased)

Location 3 133A
(67% decreased)

550A
(0.01% increased)

IV. Conclusion
This paper presented a feasibility analysis of positioning of the 
SFCL in rapidly changing modern power grid. A complete power 
system along with a micro grid was modeled and transient analysis 
for three-phase-to-ground faults at different locations of the grid 
were performed with SFCL installed different locations of the grid. 
It has been observed that SFCL should not be installed directly at 
the sub-station Or the branch network feeder. This placement of 
SFCL results in abnormal fault current contribution from the wind 
farm. The strategic location of SFCL in a power grid which limits 
all fault currents and has no negative effect on the DG source is 
the point of integration of the wind farm with the power grid.
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