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Abstract: 

Worldwide, the use of electrical energy is rising rapidly. The electrical power supply will need to expand in  order to  meet the 

growing demand. Th is can be achieved by increasing generation capacities and adding Distributed Generation (DG) sets to the 

grid. Interconnection of such generation sets into existing grid leads to increase in fau lt current, which is a serious problem, 

because fault current exceeds the rating of circuit breaker which in turn threatens the reliability of the power system. The 

application of resistive Superconducting Fault Current Limiter (SFCL) provides effective solution to many of the concerned 

issues. In this paper, the application of resistive SFCL is used to determine the feasible location in the smart grid system.  The grid 

consists of conventional power p lant and a renewable energy source in the form of wind farm as a Distributed Generation unit . A 

complete power system model with resistive SFCL was implemented in  MATLAB/Simulation software. Feasible location is 

found out with respect to the wind farm fault current when a three phase fault  occurred at  distribution grid and SFCL is p laced at 

various locations. 
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I. INTRODUCTION  
 

Nowadays electrical energy is the most useful form of energy 

available universally. Electricity is only one of the many forms 

of energy which is used globally in various sectors for 

industrial, commercial and domestic use. As a result, there is an 

increase in the size of generating stations and interconnected 

networks called Power Grid. Increase in the size of generating 

units and grids may lead to abnormal operation in systems. 

There may be sudden decrease in impedance level of the power 

system network which causes increase in current known as 

fault current which are inevitable. To clear a fault, mechanical 

circuit breakers usually interrupt the short circuit current, but 

this takes two or more cycles, including the relay operation. 

However, faster operating current limiting devices used 

together with circuit breakers can shorten fault protection time 

[1]. There is no doubt that Superconducting Fault Current 

Limiters will be used if their technical and economic benefits 

are high enough.  Numbers of studies have been carried out to 

show suitable applications of SFCL but very few reports have 

been published on their technical and economic benefits in 

existing networks. The technical and economic benefits for the 

different locations are listed [2]. 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 more reliable, resilient and responsive as well as 

cleaner than conventional power systems [3]. Connecting 

distributed generation to the distribution network is in focus 

nowadays. There are several reasons supporting a widespread 

use of distributed generation. As distributed generation 

becomes more common, the implementation of protection may 

form a barrier of use. According to the Nordic surveys made, 

the protection is considered to be the biggest technical barrier 

of a widespread use of distributed generation among network 

companies Controlling the protection problems and evolving 

new protection techniques will probably play a significant role 

in the future of the distributed generation [4].  International 

environmental regulations of the leaking carbon become 

effective to keep pace with the global efforts for low-carbon 

paradigm, and high-quality reliable power is needed for 

particular customers. These factors are contributing to the 

growth of DG. However, the introduction of various types of 

DG can be a reason why the short-circuit current in the 

electrical power grid has continuously increased [5–9]. 

Recently, the development of superconducting fault current 

limiters offers one of the most attractive alternatives to solve 

the fault current problems [10, 11]. The concept of using the 

superconductors to carry electric power and to limit peak 

currents has been around since the discovery of 

superconductors and the realizat ion that they possess highly 

non-linear properties. The current limiting behaviour depends 

on their nonlinear response to temperature, current and 

magnetic field variations. Increasing any of these three 

parameters can cause a transition between the superconducting 

and the normal conducting regime [12].This paper gives 

feasible location of SFCL for wind farm fault current ,for that 

transient analysis of three phase fault at distribution grid is 

studied and results are discussed in section III.  
 

II. SIMULATION S ETUP 
 

A. Single line diagram 
 

Fig 1 shows single line diagram of proposed power system 

model for simulation set-up. In this paper, simulation model is 

implemented by MATLAB/simulation software using the 

SimPowerSystems toolbox.  

 

A typical power system including generation, transmission and 

distribution units with an integrated wind farm also modelled in 

it. For simulation MATLAB/Simulink software is used because 

of number of advantages over its contemporary simulation 

software. These advantages are as follows 1.open architecture, 

2.versatile analysis and 3.graphics tools. Control strategy used 

in Simulink can be directly combined with SimPowerSystem 

blocks [13]. 
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Figure.1. Single line diagram of proposed power system 
model 
 

B. Simulation Model    

A typical electric power system model is used in simulation 

model. The generating unit composed of three phase simplified 
synchronous machine, 100 MVA, 20KV, 50 Hz conventional 

power plant connected to a step-up transformer(T1) where the 

voltage is step-up to  of 154 KV  followed by 200 km long 154 
KV distributed parameters transmission line. At the substation, 

step-down transformer (T2) is used where the voltage is 
stepped down to 22.9 kV from 154KV. High power industrial 

loads of 6MW and a set of three low power domestic loads of 
1MW each are used. These loads are fed by separate 

distribution branch network. The wind farm is integrated with 

the micro grid through rated transformer (T3) and hence 
injecting power to distribution network. The 10 MVA wind 

farm is used as dispersed energy resources which is composed 
of five units of fixed speed induction generator each, each unit 

having capacity of 2 MVA and supplied to the customer loads 
at 400V, through distribution transformers (T) of rating 

22.9KV/400V. Three domestic loads are separated by each 

5KM transmission line and at each end of 5KM Transmission 
line a domestically load is connected through a distribution 

transformer [14], as shown in Figure 2. During fault domestic 
loads in distribution network are fed by wind farm power. 

Three phase fault in distribution grid  is created for transient 
analysis which is shown in figure 2. There are four key 

locations of resistive SFCL used in this model. Location 1 is at 

Substation (Location 1), location 2 is at branch network 
(Location 2), location 3 is at coupling point or integration point 

of wind farm with grid (Location 3) and location 4 composed 
of two SFCL, both placed at different location, known as dual 

SFCL. For dual SFCL, one is placed at substation and another 
placed at wind farm (Location 4).For different SFCL locations 

the results has been taken out with respect to fault occurred at 
distribution grid, wind farm fault current which is the output of 

bus 4, is shown in fig 2, exp lained in section III.  

Figure.2.Power system model designed in MATLAB/ 
Simulink. 

C. Resistive SFCL Model 

 
Figure.3. S FCL model built up in Simulink/ Sim Power 

System. 

  The resistive type of the SFCL is the simplest of several types 

of SFCL's because of its HTS (High Temperature 

Superconductor) inherent characteristics with  and without 

resistance, in superconducting and normal states respectively. 

The current limit ing element consists of a HTS, which can be 

wire, tape, or bulk material that provides path for the current. 

During normal operation, the resistance of the superconductor 

is zero, it carries the entire operating current and the voltage 

drop is zero. When a fault occurs, the current increases and 

causes the superconductor to quench thereby increasing its 

resistance exponentially. In essence, the superconductor acts 

like a switch with millisecond response that initiates the 

transition of the load current to the shunt impedance. SFCL 

mainly classified as L-types (inductive) and R-types 

(resistive). In our study, resistive SFCL is considered because 

of its advantages over inductive SFCL. Advantages of 

resistive SFCL over inductive SFCL are 1. Resistive SFCL is 

the simplest and most obvious form of SFCL. 2. Resistive 

SFCL is considered to be fail-safe. 3. There are virtually no 

electrical losses in the SFCL during normal operation. The 

capability of reducing fault current level with in first cycle of 

fault current is the main advantage of SFCL [15].A single 

phase SFCL model was implemented and shown in fig. 3. 

Resistive SFCL was modelled considering some fundamental 

parameter. These parameters with their selected values are: 1. 

Transition or response time = 2milliseconds, 2. Minimum 

impedance = 0.01 ohm. Maximum impedance = 20 ohm, 3. 

Triggering current =550 A and 4. Recovery t ime = 10 

milliseconds. The SFCL working voltage is 22.9kV. The 

SFCL model developed in MATLAB/Simulink System is 

shown in figure 3. The SFCL model works as follows. First, it 

calculates the RMS value of the current which is passing 

through SFCL and then compares it with the characteristic 

table. Second, if a  passing current is greater than the triggering 

current level, SFCL’s resistance increases to maximum 

impedance level in a pre-defined response time. Finally, when 

the current level goes down below the triggering current level 

the system waits for the recovery t ime and then goes into 

normal state [14].The SFCL model developed in 

MATLAB/Simulink System is shown in figure 3. The SFCL 

model works as follows. First, it calcu lates the RMS value of 

the current which is passing through SFCL and  then compares 

it with the characteristic table. Second, if a  passing current is 

greater than the triggering current level, SFCL’s resistance 

increases to maximum impedance level in a pre-defined 

response time. Finally, when the current leve l goes down 

below the triggering current level the system waits for the 

recovery time and then goes into normal state.  
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III. RES ULT AND DISCUSSION 

 

The four possible locations for SFCL installat ion were used 

for study. At first single SFCL is placed at  substation. Second, 

single SFCL is placed at branch network. Third, single SFCL 

placed at integration point of wind farm and grid. Fourth, two 

SFCL are p laced, called as dual SFCL, one at substation and 

another at wind farm. Init ially simulat ions were performed on 

the designed micro grid without the resistive SFCL then 

simulations ware again performed taking consideration of 

SFCL and both the results were studied. The fault case in our 

study is three phase to ground fault which is placed at 

distribution grid, which is triggered at 0.4 second for a period 

of 0.2 second, and the corresponding variation of wind farm 

fault current for different locations as discussed below. 

 

A. SFCL Placed at Substation (Location 1) 

 

When a three phase artificial fault was created at the 

distribution grid,  SFCL is placed at location 1, it was 

observed that the output of wind farm fau lt current get 

increased and the level of fau lt current was more compared 

with the situation when there was no fault current limiter 

connected in the system. The placement of superconducting 

fault current limiter at  location 1 causes increase in the value 

of the fault  current instead of reducing the fault current. This 

unforeseen increase in the value of the fau lt current from the 

wind farm was resulted from the abrupt transformation of 

power system impedance. On occurrence of the fault  when the 

superconducting fault current limiter is placed at substation 

(location 1), then fault current contribution from wind farm 

was increased and the magnitude of the fau lt current is greater 

than the case when there was no SFCL. The output of wind 

farm fault  current when SFCL is placed at location 1, and fau lt 

occurred at distribution grid is shown in fig. 4.  

 

 
Figuree.4.   Output of wind farm fault current when S FCL 

is placed at location 1 and fault occurred at distribution 

grid. 

 
B. SFCL placed at Branch Network (Location 2) 

 

Similarly for artificial fault at the distribution grid, on placing 

SFCL at location 2 it  was observed that fault current 

involvement from the wind farm get increased and the level of 

fault current was more, compared  with the situation when no 

fault current limiter was connected in the system. The 

placement of superconducting fault current limiter at location 

1 causes increase in the value of the fault current instead of 

mitigating the fau lt current. The output of wind farm fau lt 

current when SFCL is placed at location 2, and fault occurred 

at distribution grid is shown in fig. 5.  

 
Figure. 5. Output of wind farm fault current when S FCL 

is placed at location 2 and fault occurred at distribution 

grid. 

 

C.  SFCL Placed at the Integration Point of Wind Farm and  

the Grid (Location 3) 

When SFCL was placed at the coupling point of wind farm 

with the grid, indicated as location 3 in  Fig. 2. It was observed 

that fault current from the wind farm was successfully 

decreased. The output of wind farm fault current when SFCL 

is placed at location 3, and fault occurred at  distribution grid is 

shown in fig. 6. 

 

 
Figure. 6. Output of wind farm fault current when S FCL 

is placed at location 3 and fault occurred at distribution 

grid. 

 

D.  Dual  SFCL Placement in the Grid, One at  Substation 

and Another at Wind Farm( Location 1 and Location 4 

respectively) 

When the SFCL is placed at  dual position in the power grid 

,one at substation and another at wind farm, it was observed 

that fault current  reduces from the wind farm but it was also 

observed that even with dual placement of superconducting 

fault current limiter, fault current reduction from the wind 

farm was lesser than that was attained with single placement 

of SFCL at location 3 i.e . at integration point .Hence It is 

concluded that double installation of SFCLs one at location 1 

and other at location 4 is costly, and technically  not feasible. 

The output of wind farm fau lt current when SFCL is placed at 

location 1 and location 4 when fault occurred at distribution 

grid is shown in fig. 7. 

 

 
Figure.7.Output of wind farm fault current when S FCL is 

placed at location 1 and location 4 when fault occurred at 

distribution grid. 
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 Placement SFCL at different key location in the smart grid for 

fault at the distribution grid, it was concluded that positioning 

of superconducting fault current limiter at the integration point 

in the smart  grid  provides optimum result. Positioning of 

superconducting fault current limiter at this location reduces 

the fault current from both wind farm as well as from 

conventional power plant. Placement of superconducting fault 

current limiter at integration point provide maximum 

reduction of fault current whereas placing of superconducting 

fault current limiter at substation (Location 1) or at the branch 

network (Location 2) results in  increase in the value of the 

fault current from the wind farm instead of reducing it. Fig. 8 

shows comparison of the fault current approaching from wind 

farm for four different SFCL locations and without connecting 

SFCL in  the grid  (No SFCL), when fault occur at the 

distribution grid. 

 

 
Figure.8. Comparison of wind farm fault current for 

various locations of SFCL (fault occurred at distribution 

grid) 

 

Dual p lacement of SFCL one at the substation and one at the 

wind farm provides protection to the whole system including 

transmission line but the percentage reduction in fault current 

obtain (47%) is much less compared to single use of SFCL at 

the integration point (68%). Fig. 9 shows the comparison 

between four locations of SFCL placed and their contribution 

in wind farm fault current reduction for distribution grid fault.  

 

 
Figure.9. Comparison between four locations of S FCL and 

their contribution in wind farm fault current reduction for 

distribution grid fault. 

With four key locations of SFCL, percentage change in wind 

farm fault current in case of fault at distribution grid is shown 

in table I 

TABLE.1 . %  change in wind farm fault current for  

various locations of SFCL 

        

SFCL Position 

At Location 1 

% Change in wind farm         

Fault Current 

Fault at Distribution Grid  

At Location 1 40% Increased 

At Location 2 37% Increased 

At Location 3 68% Decreased 

At Location 1 & 4 47% Decreased 

 

IV. CONCLUS ION 

 

This paper presents the analysis of optimal positioning of 

SFCL in rap idly changing power grid. SFCL is a device used 

in the power system to mitigate fault current. An application 

of resistive SFCL is presented. A typical power system model 

with DG set as a wind farm was modelled and a three phase to 

ground fault is simulated at distribution grid. To show the 

effectiveness of SFCL, t ransient analysis with  and without 

SFCL was performed. Tab le I compares the results for all 

studied cases and gives brief overview of how resistive SFCL 

reduces the fault current in great extent, thereby it can  be 

conclude that location 3 which is coupling o r integration point 

of wind farm with the grid  is the optimum location to reduce 

wind farm fault current.      
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