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Abstract–Nowadays, the presence of distributed generation (DG) units in the distribution 

network is increasing due to their advantages. Due to the increasing need for electricity, the use of 

distributed generation sources in the power system is expanding rapidly. On the other hand, in 

order to respond to the growth of load demand, the network becomes wider and more 

interconnected. These factors increase the level of fault current in the power system. Sometimes 

this increase causes the fault current level to exceed the ability to disconnect the protective devices, 

which can cause serious damage to the equipment in the power system. Using fault current limiters 

(FCLs) in power system is very promising solution in suppressing short circuit current and leads 

use of protective equipment with low capacities in the network. In this paper, in order to solve the 

problem of increasing the fault current, first using sensitivity analysis, network candidate lines are 

selected to install the fault current limiter, which helps to reduce the time and search space to solve 

the problem. Simultaneously finding the optimal number, location and amount of impedance for 

the installation of a resistive superconductor limiter is solved using the multi-objective Non-

dominated genetic algorithm with non-dominated sorting (NSGA-II). The method presented in a 

20 kV ring sample network, simulated in PSCAD software, is evaluated in the presence of 

distributed generation sources and its efficiency is shown. 
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1. Introduction 
 

Due to the growing need for electricity, environmental 

problems and the high cost of fossil fuels, the use of 

renewable energy sources in the electricity system is 

expanding. The network is also broader and more 

interconnected in response to increasing demand for cargo. 

These factors increase the fault current level in the 

electrical system. Sometimes this increase causes the fault 

current level to exceed the ability of the protective devices 

to cut off, which can cause serious damage to the 

equipment in the system [1-3]. Various methods have been 

proposed, including upgrading protection devices to new 

fault current levels, isolating bus loads, using higher 

impedance transformers, and using compatible relays to 

respond to the problem. Since the above methods have 

disadvantages such as high cost, reduced reliability, 

increased power losses and complexity in operation, the use 

of fault current limiters has been considered today [4]. Fault 

current limiters are divided into active and passive 

categories. In passive methods, the system impedance is 

constantly increasing, which causes power loss in the 

system. In contrast, active methods typically add a small 

impedance to the network and reduce the fault current level 

by increasing the impedance injected into the network when 

a fault occurs. The use of fault current limiters delays the 

need to upgrade existing protection equipment. In addition, 

fault current limiters have the ability to reduce the fault 

current level in the first quarter of the cycle and also reduce 

transient fault current, while conventional protection 

equipment requires several cycles to cut off fault current [5-

15]. Given the advantages mentioned, the use of fault 

current limiters can be ideal. However, due to the high cost 

of this equipment, it is not possible to install a limiter for 

each distributed source of production. To install this 

equipment in the power grid, the optimal location for 

installation, the optimal amount of injection series 

impedance at the time of fault and the problem of 

coordination of protection with other existing protection 

equipment must be considered[6].  

So far, many studies have been conducted on the location 

of the limiting fault current. However, none of them 

selected the number, location and amount of impedance 

limiting the fault current simultaneously using multi-

objective genetic algorithm [7], [8, 9]. The advantage of 

using multi-objective genetic algorithm over the old 
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innovative solving methods such as weighting method, 

finite constraint method, etc. is that at t

algorithm, it can get several different optimal answers and 

allow the user to do so. Choose one of the answers 

according to your priority.

In this paper, a 20 kV loop sample test network with 

three distributed production sources is si

software. By applying a three

network bus bars, it is observed that in some bus bars, the 

fault current rate exceeds the allowable level of protective 

equipment if the distributed generation sources are 

connect

reduction of bus fault current due to change in system 

branch parameter, candidate locations for fault current 

limiter installation are identified, which reduces search time 

and space to solve the problem. The

objective genetic algorithm, the number, location and 

optimum impedance of the fault current for installation on 

the candidate lines are determined simultaneously.

 

2. Modeling of resistive superconductor limiter
 
Equation (1) expresses 

resistive superconductor considered in this paper in 

different states [10, 11].
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innovative solving methods such as weighting method, 

finite constraint method, etc. is that at the end of solving the 

algorithm, it can get several different optimal answers and 

allow the user to do so. Choose one of the answers 

In this paper, a 20 kV loop sample test network with 

three distributed production sources is simulated in PSCAD 

software. By applying a three-phase symmetric fault to the 

network bus bars, it is observed that in some bus bars, the 

fault current rate exceeds the allowable level of protective 

equipment if the distributed generation sources are 

ed to the network. Using sensitivity analysis, 

reduction of bus fault current due to change in system 

branch parameter, candidate locations for fault current 

limiter installation are identified, which reduces search time 

and space to solve the problem. Then, using a multi

objective genetic algorithm, the number, location and 

optimum impedance of the fault current for installation on 
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Table 3: Information of loads

Load 
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ZFCL injection in the branch between the j and k basses are 

obtained from Equation (5). 
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fault current changes in a bus after ZFCL injection are 

calculated from Equation (6). 
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By placing relation (5) in relation (6) we have. 
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If the limiter used reduces the fault current from the 

original values of Ii, N to Ii, F, the required Zp is easily 

calculated from Equation (8). 
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According to Equations (8) and (4), the required limiting 

impedance value will be calculated from Equation (9). 
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4. 2. Calculation of sensitivity coefficient 
 

If the installation location of a limiter is known, the 

amount of impedance required to limit the fault current to 

an acceptable level is calculated by Equation (9) [12]. 

However, in a large power system, where the fault currents 

measured at several points in the network are close to or 

exceed the performance of the protection systems, it is 

difficult to determine the optimal number, location, and 

limiting parameters. In order to reduce the search space and 
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Where BN(i) is the ist bus number of biggest fault 

reductions. 
l
iFI ,∆ Is the reduction in fault current is based on the 

impedance change in line l. As a result, the sensitivity 

matrix between the limiting location and the reduction of 

the Bus fault current is presented as follows. 
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NL is the number of network lines. Suitable candidate 

locations for the limiter can then be suggested using SF. 

 

 

4. 3. Objective function  
 

The problem of locating the optimal fault current limiter 

different goals can be pursued. In this paper, the aim is to 

simultaneously minimize the number and amount of 

impedance limiting the fault current, which in turn 

minimizes the cost.  Objective functions and problem 

constraints are given in Relationships 13 to 15. 

 

(13) 

f1 = min NFCL 

( )∑
=

=
FCLN

i

FCL iZf

1

2 min

 

(14) ( ) FCLFCLFCLFCL NiZiZZ ,...,2,1maxmin =≤≤
 

(15) 
n

sc
j

sc
j BjII ,...,2,1

max, =≤
 

 
sc
jI  

is the bus jst fault current After installation, the fault 

current limiter and max,sc
jI is the maximum fault current can 

be cut off by bus jst protection equipment. 
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Using Equations (4) and (5), the changes in the diameter 

elements of the impedance matrix are calculated based on 

the change in the line parameter.ZFCL is considered equal 

. Then, using Equation (6), the sensitivity of 

changes in bus fault current to changes in line parameter is 

calculated. Finally, the matrix of Equation (10) is 

formed.Figure 7 shows the algorithm for determining 

a resistive 

 
Candidate line determination algorithm for installation of 

equal to 

installation of the limiter for 

0 to 1, 5 to 28, 1 to 20, 18 to 27, 20 to 21, 21 to 22, 21 to 26, 22 to 23 

objective genetic algorithm with non-

dominated sorting and according to the objective functions 

and constraints expressed in relations (13) to (15) 

simultaneously determine the number, location and amount 

r current among 15 

candidate lines It determines. Since this response minimizes 

the number of fault current limiters and their impedance 

effective answer.In this paper, 

the maximum allowable fault current of the equipment is 10 

objective 

genetic algorithm considering all candidate lines (mode 1) 
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and without considering the high voltage side of the system 

(line 0 to 1) is shown in Table 9. 

By placing the fault current limiter in the obtained places, 

the fault current of the buses returns to the cut-off range of 

the protective equipment. Figure 8 shows the output of the 

multi-objective genetic algorithm in condition 2. 

 
Table 9: The most optimal answer obtained from the multi-objective 

genetic algorithm 

 Number location Amount of impedance[Ω] 

Condition1 1 Line 0 to 1 1 

Condition2 2 
Line 1 to 2 and 

line 1 t0 20 
Both of 1 and 2 

 

 

 

 
Figure 8: Output of multi-objective genetic algorithm in condition 2 

 

 
 
7. Conclusion 
Due to the advantages of using fault current limiters, they 

can be used in power systems. However, in distribution 

networks equipped with distributed generation sources, due 

to the high cost of this equipment, a limiter cannot be 

installed for each distributed generation source. To install 

this equipment in the power network, the optimal location 

for installation, the optimal value of the injection series 

impedance at the time of fault must be considered. This 

paper presents a method for determining the optimal 

number, location and amount of impedance for the 

installation of an fault current limiter.  

 Due to the connection of distributed generation sources, 

the fault current of some network bus passes through the 

ability to the protective equipment cut off the fault current. 

In this paper, in order to reduce the time and volume of 

calculations, first using the initial sensitivity analysis, 

changing the fault current of the buses according to the 

change in the line parameter, suitable candidate locations 

for installing the fault current limiter are identified. Then, 

the problem of optimization was solved by using multi-

objective genetic algorithm with non-dominated sorting. By 

using a superconducting fault current limiter installed at the 

specified location and calculating the optimal impedance 

value, the fault current of the busbars is reduced to the cut-

off capacity of the protective equipment.  The proposed 

method is applied on a ring network with 2 feeders (20 kV) 

in the presence of 4 distributed generation sources. The 

simulation results show that using the proposed method, the 

number, location and the amount of impedance limiting the 

fault current can be determined optimally. 
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