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Abstract

The integration regarding various power electronic devices has led to an increase in the complexity of power systems. Limiting the
fault currents is crucial for protecting these systems, the augmentation of fault reliability, and the stability. Many Faults Current
Limiters (FCLs) were used in power systems because they quickly and effectively fault current limiters. The presented work gives a
thorough literature review regarding the use of various FCL types in the power systems. The non-superconducting and
superconducting FCL applications have been divided into five categories: (a) application in transmission, distribution and generation
networks; (b) applications in the systems of alternating current (AC)/direct current (DC); (c) applications in the integration of
renewable sources of energy; (d) applications in the distributed generation (DG); (e) applications for improving stability,
reliability, and fault ride through capabilities. With examples of their practical implementation in various nations, impact,
modeling, and control approaches of various FCLs in the power systems have been shown. With the alteration of its structures,
appropriate control design, and optimal placement recommendations have been given in order to enhance performance
regarding FCLs in the power systems. In order to incorporate the continuing research advances in practical systems, industry and
researchers working on power system stability concerns can benefit greatly from this study.

Keywords- superconducting; fault current limiter; non-superconducting; power system stability; optimal placement; fault ride through
capability.

I. INTRODUCTION

The majority of nations have changed the way their electric systems are managed, with distinct businesses now in charge of
transmission, generation, and distribution. The distribution and transmission systems have added more energy producers, such as
residential and independent ones, raising levels of fault current. New agents occasionally raise fault current levels, over-stressing
installed protection equipment and requiring system modifications. Although it requires money and time, replacing the
overstressed equipment is the best course of action. For the operation of circuit breakers (CB), it is frequently necessary to reduce the
fault current to levels that are safe. There was a hunt for trustworthy FCL devices since the 1970s. The cost of introducing a FCL
device is less than completely upgrading substation's equipment without decreasing reliability and redundancy [1] .

Electromechanical circuit breakers, which typically require no less than one current cycle for opening the circuit, are the
standard method of overcurrent protection in the power systems. In the case when a fault current exceeds the substation limits,
such technology could interrupt the circuit following the fault but cannot prevent damage. FCL devices are indicated in the case
when circuit breakers cannot interrupt a short circuit. The majority of power systems operate as a voltage source; however,
certain wind farms and photovoltaic plants operate as current sources because of their power electronics-controlled output. The only
approach to control fault currents in voltage source system is to enhance the fault transmission circuit by inserting a series line
impedance. Given the inductive nature regarding line transmission and the majority of the loads, it would be dangerous to add
capacitive impedance in series with load because it would reduce system's global impedance and raise fault current. Thus, the quickest
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and simplest approach for limiting current is to quickly connect an inductive or a resistive impedance in series with distribution (or
transmission) line after the fault current is recognized. The symmetrical current throughout the fault is a benefit of a resistive limiter,
yet there are losses because of resistance, and heat that has been generated must be dissipated. Asymmetrical current and significant
electro-magnetic pollution in substation throughout fault are drawbacks of inductive limiter. Losses are nevertheless less than the
resistive FCLs. Those ideas outline the operation of FCL. Let's assume for the time being that FCL is a black box connected to the
system in series, as shown in single-line diagram of Figl. This black box has variable impedance which could increase in the case
when the current rises unexpectedly. The transmission (or distribution) line is shown in Fig. 1 (a) without any FCL, and the FCL is
inserted in Fig. 1 (b). All these 'black boxes' will be discussed and opened together with the manuscript. The FCL's impedance
should be as low as feasible for the system to operate normally. Its energy dissipation must be minimal at this point. The device is in
charge of inserting series impedance into system so as to reduce the amount of the current in a case when a fault occurs, though.
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Figl. Single-line diagram of distribution or transmission system:
(&) With no FCL (b) with including a FCL device.
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Fig. 2 shows how FCL is actuated following a system fault. The electric current which might flow through the conventional system
in a case of a fault is represented by the red curve in the literature as the prospective current. The green dashed curve displays how
the overcurrent is constrained by FCL's impedance.
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Fig2. Comparisons of the electric currents for a system with and without an FCL device.

I1. BASIC CONCEPT OF FCL

The use of a FCL can be defined as one of the alternative solutions being studied more frequently to strengthen the reliability
regarding electrical systems. Suppressing the fault current is the main goal of installing FCL in a distribution or transmission system.
In a case when functioning normally, FCL is a series element with a relatively low impedance. FCL increases its impedance when the
fault takes place, preventing high current stresses that might have likely caused mechanical forces, degradation, and additional heating
of electrical equipment. For combatting transmission and distribution voltages and currents, such FCLs are required. In the case
when it comes to performance, FCLs are held to particular expectations. Throughout normal operation, they must have low
impedance, low voltage drop, and low power loss, whereas under fault conditions, they must have a high impedance. In the faulty state
of operation, such attribute must stop the large fault current. FCLs must limit the amount of current before the fault current reaches its
first peak and should have a very quick recovery time. Any value regarding the magnitude of the fault current and/or phase
combination should cause them to react appropriately. They ought to be able to withstand faulty conditions for a long enough period
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of time. They must have great reliability, thermal endurance, and longevity. They must operate entirely automatically and have a quick
recovery time so that they can quickly return to normal state following a fault rem oval. Also, they must have a low cost and
generation volume regarding their own to reduce power generation and transmission costs [2].

I11.  CLASSIFICATION OF FAULT CURRENT LIMITERS

As shown in fig. 3, the enhancement of power electronics, superconducting and magnetic resource technologies has led to the
development of several types of fault current constraining devices recently.

Fault Current
Limiters

Current Supercon Solid .

[Limiting] [ ducting ] [ State ] [ Hl-y(lggd ]
Reactors FCL FCL

1

[ 1
Resistive Inductive
SFCL SFCL

Fig. 3. Classification of FCL

1. Current Limiting Reactors:

Current limiting reactors have been studied in the start of 19th century with the goal of protecting equipment. The reactor has
been inserted in series with the line for limiting current in a concept of the current limiting reactors. With regard to short circuit
conditions, behavior regarding current limiting reactors with the turbo generator systems was studied [3]. For one of the high current
superconductors in the power devices, current limiting is added after some changes [4]. In [5], the key components of installation and
use of the current limiting reactors are provided.

2. Superconducting FCL (SFCL):

All SFCL designs utilize a superconducting to conventional conversion, and the superconducting components are
directly implanted after the power circuit to be safeguarded. With regard to a current limiter, a superconducting trigger coil has been
developed and tested [6]. So as to examine the impact of SFCL on the power grid, wind power generation serves as a good example of
renewable energy sources. When it comes in contact with current system, it may be simpler to increase short circuit current during the
error than at its most advanced stage of applications that comes before the evaluation of circuit breaker. The system network as a
whole could become less consistent as a result [7] .SFCLs are viewed as a reasonable way to prevent a power network shutdown that
would result in significant social and economic damages [8]. By using such current limiters, perpetual power supply and power
supremacy could be supported and strengthened. The modified SFCL system could protect the critical load power as well as grid
connection point of fault collapse with just a superconducting coil in addition to being able for limiting peak and continuous fault
current [9].

New SFCL designs have been suggested with straightforward design to instantaneously direct superconductor current to the
appropriate coil [10] .This design can hold load of superconductor to a minimum, resulting in a smaller and less expensive
superconductor. In some cases, such as when lightning strikes a power line, power lines become shorted to the ground, or trees fall on
power lines, it might result in the error state in the system of electric power transmission. In order to limit the high short-circuit current
in the power grids, SFCL is a newly developed technology [11]. In [12] ,a technique for choosing an appropriate site and designing the
minimum SFCL capacity in the loop power system was developed. The system's reliability and voltage must be improved. Without the
increase of short circuit stress on network's components, an SFCL with parallel combination regarding radial feeder system has been
presented [13].SFCL principles are evaluated for some certain transmission current, voltage, and fault limiting level. With
electromagnetic transients’ programs, theoretical suggestions are industrialized and adjustments are discussed [14] .SFCLs have been
identified as top hierarchical approach using new growths and having great deal of the potential for the future cost-cutting practical
advancements. For limiting the fault current in the power grid networks, the saturated core SFCL is a major and novel technology. For
the calculation of current limiting effect of the SFCL, a field circuit connected simulation method has been provided in [15].

In order to withstand the different faults of the short circuit in a modern power system, a high temperature SFCL offers a
potential solution[16-19]. The requirements of the performance of a power system component can now be met by superconducting
materials. For performing fault current limiting action, a significant fraction of suggested FCL designs make use of the
superconducting materials. With its superconducting property, SFCL represents a new power technology that can result in the
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automatic limitation of fault current to safe levels. SFCLs have successfully met almost all of the criteria for an effective current
limiter, just a few of which were specified in the preceding article. One kind of SFCL is the transformer type SFCL [20-23].

Resistance of mercury vanished as temperature degree dropped to less than a set of critical values, according to a Nobel Prize
Dutch Scientist, Kamerlingh Onnes, who made this discovery in 1911 [24]. This phenomenon is known as mercury
superconductivity. Subsequent studies also revealed that numerous additional materials or components show those same properties of
superconductivity with their own critical degree of the temperature[25]. Current limiting SFCL properties are dependent upon its
non-linear responses to the magnetic field (B), temperature (T), and current. [26]
B

Figure 4 Showing Critical Characteristics of a Superconductor FCL

In the case when a superconducting material is exposed to conditions above critical levels for temperature, current density,
and magnetic field, the superconductivity of the material is destroyed [27] . It possesses negligible resistance below such critical
values, indicating that it is in its superconducting mode, and substantial resistance beyond such critical levels, indicating that it is
in its current limiting state. As a result, increasing any of such 3 parameters above their critical limit will result in conducting
material losing its feature of superconductivity[28, 29]. As depicted in Fig.4, SFCL utilizes its changing resistance property
throughout a fault to limit fault current.

2. 1. Resistive SFCL

With regard to field tests of SFCLs, resistive SFCLs were the preferred option. Its comparatively straightforward concept,
lower weight and size, and resistive nature are all factors. Recent studies examined the application of such technology as a potential
preventative measure in distributed generation distribution systems and islanded electrical power distribution systems[30-32]. An R-
SFCL operation depends on SC fast resistivity increase owing to superconductor quenching that has been generated by excess current
throughout a fault. The current flowing through the SC during a short circuit rises significantly over its critical current (Ic), causing a
rapid change from superconducting to normal states. RSFCL's thermal control of heat that has been created in SC throughout the time
of fault limitation as well asheat that has been released in the quench is its main weakness. In the superconducting state,
superconductors have extremely low level of thermal conductivity. They are exposed to hot areas as a result, which may cause the
quench to occur before Jc is reached. In order to prevent thermal instability and hotspots, superconductors that have been made for the
applications were created and inserted to the material of high thermal conductivity. The electrical schematic for this equipment is
shown in Fig. 5. The improvement of analytical models under different simulation suppositions and the detailed description of the
correlation with experimental test results may be found in [33] .

CB R — SFCL CB |

Shll"C/Lshunt

Fig.5. Electrical Circuit of an R-SFCL.
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2. 2. Inductive SFCL:

FCL is typically regarded as one of first high temperature superconductor materials to be relevant in energy technology.
Typical Inductive type SFCL is depicted in Figure 6. In the case where discriminating current has been surpassed, the use of
constitutional presumptions regarding the superconductor converts zero-resistance case to high resistance one. For current
limitation that has been obtained through progressive transition regarding superconducting tubes to the resistive state, homogeneous
superconducting and thermal management qualities had been created in Inductive FCLs [34]. Active superconducting elements in
inductive FCL with high short-circuit current are afflicted by existence of superheated thermal domains. Throughout incidents,
excessive thermal domain expansion results in the datal mechanical destruction related to the superconducting element [35]. With
numerous optimization techniques of the design of distribution network parameters of the power system, subsequent advances of the
Inductive type SFCL are organized. The open core inductive SFCL design parameter was optimized using the finite element method.

Cryogenic Shield

- Secondary Coil

SN
O—D—NW—e/o—o
Load Breaker
Fig. 6. Inductive SFCL

Casel: SFCL Applications in Power Grid
A. SFCL in Main Position
The FCL is utilized in this instance to protect the entire bus. The direct application of FCL to the power grid occurs when it is
mounted in the primary position on a bus as shown in figure 7. The following are the key benefits of FCL:
» Without upgrading the breakers, a larger transformer could be utilized in order to handle the increased demands on a bus.
« I’R, damages to transformer are limited because of lower prospective fault current values.

-

PPPTTT

Fig7: FCL in the Main Position

B. SFCL in the Feeder Position
An individual load on a bus is protected by FCL in this position,as shown in figure 8 . Underrated equipment could be
protected selectively as necessary. The individual circuit on the bus is thus protected by an SFCL. Here, the small and less
expensive limiters are employed in a selective manner so as to protect wired off or overly stressed equipment, like as transformers
and underground cables, that is difficult to replace.

L&A_Ll

”’%5“
PP

Fig. 8: an FCL in Feeder Position
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C. SFCL in the bus-tie Position
Two buses that are comparable to one another are joined by a bus-tie knot. Just one transformer will supply the entire fault
current to a potential bus fault. The employed limiter might require a small current rating while simultaneously having the
next advantages:
* No bus will see a significant increase in the fault duty. Different buses might then be connected.
* The voltage drop across the Limiter increases dramatically when a fault occurs, keeping the level of the voltage on non-faulted

bus constant [36, 37] .
" e

TaaEer

Fig. 9: An FCL in the bus-tie Position

Case2: Application of SFCLs in improving power system reliability and stability

The fault levels in the power systems rise as a result of the increased electrical power demand, seriously damaging power
system equipment. Connecting the power systems so they may exchange power with one another is one of the key approaches to
enhance the stability and reliability of a power system [38] . Yet, in the case when a fault develops in system, fault current is added to
fault point from all inter-connected parts, limiting the inter-connection to specific level so that fault current might be kept within
breaking capacity of circuit breakers. To improve reliability and stability of interconnected power systems, FCLs can be used [39] .
Application of SFCLs was described [40] for limiting fault current and enhancing active distribution network stability
through lowering influence upon the circuit breaker. In [41, 42], various SFCL types were used in a medium voltage active
distribution networks in order to examine how they affected the circuit breaker's transient recovery voltage. This study demonstrates
how SFCLs can increase system stability by lowering the amount and rate regarding the rise of transient recovery voltage on circuit
breakers. Several FCLs have been used to improve the stability of micro grids, multimachine systems, wind systems smart grids, high
voltage direct current (HVDC), and PV systems. Several branches of power system were used to evaluate the SFCLs. Unfortunately,
non-superconducting FCL has only been used in a few power system branches.

3. Solid State FCL (SSFCL)

The FCL is a crucial feature of SSFCL. Fault limiting functionality is achieved by SSFCL by combining capacitors,
inductors, and a Thyristor or IGBT. A variable impedance device called a FCL is put in series with a circuit to limit the current during
fault conditions[43] . SSFL must have extremely low impedance when running normally and a high impedance when experiencing a
fault [44] . Figure 10 depicts the SSFCL's fundamental configuration, which consists of two parallel-connected solid-state switches.
The first branch, referred to as Thyristor Branch 1, consists of switches made of thermistors, while the second branch, referred to as
Thyristor Branch 2, consists of a thyristor and a reactor for current limiting. For the two branches, switches are connected in an
inverse parallel way. The system is shielded from voltage surges throughout switching by a surge arrester [45]. SSFCL current
limiting behavior depend on quick acting ON/OFF status change regarding semiconductor switches for inserting current limiting
reactor. In order to decrease or limittransient fault currents from growing overly big, a SSFCL could be activated
extremely quickly[46, 47]. The development of high-power semiconductor technologies, like Emitter Turn-off Thyristors (ETO),
emerging SiC devices, new thyristors, and high power IGBTSs, enables the implementation of a SSFCL that is commercially practical .

Surge ArTester

il

Thyristor Branch 2

B,
Source -3 Current Load

Limiting 1-1

Reactor ™
Thyristor Branch 1

— b
i

Fig. 10 The basic configuration of the SSFCL

http://doi.org/10.58564/1JSER.2.2.2023.70 https://ijser.aliragia.edu.iq



5% Al-Iragia Journal for Scientific Engineering Research, VVolume 2, Issue 2, June 2023 51 of 57
..~ ISSN: 2710-2165

Casel: Applications of SSFCL in Power Grid
A. Reduction of voltage on the distribution system
Through limiting the short circuit current, the voltage sag is undoubtedly decreased. The FCL's task is to limit potential fault

current levels to a reasonable level without significantly affecting the distribution system. [48]shows the modeling of SSFCL
regarding a single line diagram of an existent distribution line with the use of the sim-power System in MATLAB/SIMULINK. The
first scenario was a simulation without SSFCL, whereas the second case was a model that included SSFCL. Also, SSFCL serves as a
circuit breaker element in a power system by limiting the fault current to a safe level. SSFCL is regarded as a solution for the rise in
power system short circuit current levels. It is the most cost-effective alternative to other traditional solutions to solve this problem.
Data gathered from the distribution line was evaluated to better understand the impact of voltage sag brought on by fault current. The
results of the simulations demonstrated that SSFCL efficiently reduces the current throughout fault occurrence.

B. Improvement of Smart Grid Performance

The effect of SSFCL on the smart grid is discussed in[49, 50] . Both a fault current limiter and a circuit breaker, SSFCL
was utilized in this instance. The fault current has been limited by SSFCL, which also enhances the functionality of the smart grid.
With regard to the power system, a simulation model of SSFCL as well as its control system is created and validated. When inserting
SSFCL throughout a three-phase fault, the smart grid system simulation model is employed to evaluate its effectiveness. For
different fault types, a comparison regarding the current smart grid system without and with SSFCL was conducted. FCL's use in
electric power networks goes beyond just regulating current magnitudes in short circuits. They might be working on other projects
including improving power system reliability, power quality, enhancing the transfer capacity of transformers, and limiting transformer
inrush currents. To lessen the negative effects of the DGs on transient stability, power quality and power protection, various FCL
configurations are recommended.[7, 51-60]. Through regulating the voltage drop throughout a fault, SSFCL-L has been utilized as
inductor to limit short circuit current levels and is more successful at enhancing the quality of the system power. The transient stability
regarding SSFCL-R, at the same time, is improved by utilizing the generator's acceleration energy throughout a fault [61].

4. Hybrid SFCL

Hybrid SFCLs generally include superconducting material, switching component (it could be a solid-state device or fast
switch), and shunt component for limiting fault current and dissipating power. Combination of superconducting material as well
as solid-state switch device (i.e. thyristors, in the present study) in same equipment can maintain benefits of every technology and
avoid issues that are found in the two. Suggested Hybrid SFCL, which has been depicted in figurell, is made up of the anti-parallel
thyristors that are connected in series with 2Gtape (i.e. variable resistance - Rtape). This branch has been connected in a parallel
manner to air-core reactor (L) that enhances restriction and assures superconductor element's safe operations.

IF.1.1|II

| —

Conirol |

Fig. 11. Simplified hybrid SFCL circuit in
(a) a normal operation (b) throughout fault conditions

According to Fig. 11, the suggested Hybrid SFCL operates as follows: as seen in figure 11(a), system current passes through
thyristors and superconducting element (R ) in steady state. The current increases and superconducting transition begin when the
fault occurs. Because of the inherent properties of such materials, a voltage drop arises in the material current throughout such process
as the current increases. The thyristors are instructed to open using the voltage drop as a control parameter. As shown in figure 11 (b),
the current then travels to shunt reactor that serves to limit fault current. At the Hybrid SFCL terminals, the voltage is measured, and
its value is put to comparison with the limit values. The thyristors get the open command signal in the case when the threshold is
crossed. Because of the features of this switch, it will just open in the case where current reaches 0-value. Fault current will totally
pass through super-conducting element throughout this time that will be in charge of limiting itself. Fault current won’t be limited
throughout the 1% half-cycle without superconducting element, and the system could have certain electromechanical stress problems
[62].

V. OPTIMUM PARAMETERS AND PLACEMENTS OF THE FAULT CURRENT LIMITERS

There are various potential advantages to placing FCLs at the optimal location in power network. They include increasing the
interconnection regarding renewable energy, boosting fault ride through capability, decreasing fault voltage and fault current, and
enhancing system security and reliability. Many optimal placement approaches were published in literature [24, 63-72] . The FCL
placement in power systems is done while keeping a number of goals in mind, including fault and system improvement, fault current
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reduction, FCL cost reduction, and optimizations of over current relays' operating time. Several of works primarily concentrated on
optimum placement with a specific objective function, such as stability enhancement[12, 73] or fault current reduction[72] . When
there is a trade-off between different objectives, advancing one could result in the decline of the others. The aforementioned issue has
been reported to be resolved using multi objective optimization approaches [66, 74] . Unfortunately, the majority of optimal placement
algorithms do not consider uncertainties in the power systems, particularly unpredictable changes in status of wind, DG, and PV
systems in the case of identifying ideal site for SFCL. For improved performance, new algorithms of placement could be created while
taking into account various network uncertainties. Table 1 summarizes optimal placement parameter selection methods for various
SFCLs.[63]

Table 1. Optimization approaches for superconducting FCL placement.

Objective Used /Algorithm | Types of FCL Considered These strategies Ref.
Functions Networks
Minimizing main- Multi objective SFCL of IEEE 33bus | Locatiom and size may be [65]
backup Particle Swarm Impedance radial system obtained with no pre-
Over-current relay, Optimization & assumption
(OCR)-pairs (MOPSO) IEEE 30bus + Applications for the meshed
coordination Meshed as well as radial networks.
maintenance index system
and total required
FCL costs.
Maximization of the Multi objective Impedance IEEE 39 bus | Penalty factor has been [74]
reliability, using SFCL & introduced in the problem of
minimization of both | Pareto algorithms IEEE 57bus | the optimization for the
Ir & FCL costs systems purpose of keeping I¢ within
maximal allowable ranges.
Minimizing Scenario Hybrid 17-bus power |-optimum SFCL placement [64]
SFCL number, optimizations resistive system keeps I within the breaking
Ir and optimum SFCL including the | capacity of the protective
relay operating time DGs devices.
- No changes in relays of
coordination are needed
throughout installation of the
DGs in a system.
Minimizing Transient stability Resistive IEEE The optimum location of the | [72]
Angular deviations index approach SFCL Bench marked | method of SFCL has the
between 4-machine ability to limit I for 3 @-
synchronous 2-area test fault at any point in this
machine rotors system network.
Minimizing Iterative mixed Impedance IEEE -FCL installation costs are [66]
total installation integer non-linear SFCL 9-bus, IEEE | minimized throughout the
costs, which include programming 30-bus and reduction of I
fixed installation real North - this approach is restricted
costs and American by pre-determined location
incremental 395-bus and random search methods.
impedance costs transmission | - Location sensitivity indexed
system isn’t required for suggested
approach
- Method is straight-
forward and may be
implemented for any mesh
networks.
Minimizing Genetic algorithms Impedance 6-bus testing - utilizing minimal FCL unit | [69]
FCL unit and SFCL system and amount and settings, I is
parameters IEEE 30-bus kept under CB interrupt
system rating.
- The proposed method
approach includes a factor of
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sensitivity for the search
space reduction.

Minimizing Sensitivity index Resistive IEEE - Efficient enhancement of [70]
power loss approach SFCL Bench system damping.
marked -In the case where even fault
4-machine develops distant from
2-area test optimal SFCL placement,
systems shot circuit current

decreases drastically.

- The flaw of this method is
that it disregards the
problem of the protection
coordination.

SUMMARY

Table-2 provides guidance for choosing the ideal application regarding a FCL based on a number of factors. The following data
shows that hybrid FCL is preferred for a medium voltage and highest current rating. For external triggering applications, SSFCL has
been considered as the most preferable and has a benefit of working with no special cooling. Hybrid FCL and SSFCL are desirable
since they require less time to reset. Resistive type FCL are preferred for the applications of short and small voltage. Generally,
Hybrid FCL and SSFCL function well, and both are at various stages of development and research.

Table 2
Comparison of Various Fault Current Limiters

Parameters Resistive Solid-State Inductive Hybrid
SFCL FCL SFCL FCL
Maximum rating 138 kV 69 kV 11 kV 12 kV
0.9A 3 kA 2 kA 2 kA
Activation Time T< Yicycle < 10us Immediately 100 ms
Triggering Internal External Internal External
Need cooling Yes No Yes Yes
Reset Time Tensms-2s Controllable <5 ms Controllable
Status Design & tested Development stage R&D stage Research stage
Weight and Size Small Medium Heavy and Large Small but additional
component could
increase the size

V. CONCLUSION

This study aims to provide a thorough and in-depth analysis of FCLs in power systems. The use of the FCLs in various power system
branches, including transmission, generation, and distribution networks, AC/DC systems, distributed network systems, and integration
of renewable energy sources, is documented and examined. The main discussion is broken down into many sections, including the use
of the FCLs in various branches regarding power systems, discussing and categorizing structure of various FCLs, the advantages and
disadvantages of various FCLs, grid operation and testing FCLs, parameter design and fault augmentation, and real and real ride
through capability systems using various FCLs. The literature study reveals that FCL placement is crucial for limiting fault current and
enhancing power system stability. Yet, there are still many obstacles to overcome when using FCLs in a power system, including the
minimization of interference with nearby communication lines, reducing loss during normal operations, developing optimal
parameters, coordinating the control design of the FCL as well as other protective devices, field testing, feasibility analysis, and real
grid line operation. This study highlights a number of gaps that present difficulties for FCL application and control in the power
systems that have been considered as fascinating subjects for the power system researches.
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