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Abstract: Electric Power Grid is a man-made complex dynamical system. It is highly interconnected and 

spread over vast areas. In order to meet the rapidly growing power demand, renewable energy resources, 

distributed generators, electrical vehicles are integrated in the systems further making the power system 

more complex. These circumstances not only made the power system to operate near to its stability 

limits and increased the fault limits above the rated values. Such a high short circuit currents above the 

rating of the existing switch gear such as circuit breakers, power electronic devices etc., gets demanded. 

In order to overcome this situations, adoption of superconducting fault current limiter is an economic 

and reliable solution to limit the high short circuit currents. Hence in this paper, a basic introduction to 

the principle of fault current limiters and their types is presented. Application of superconducting fault 

current limiters to enhance power system transient stability, power quality, protection systems and fault 

ride through capabilities is reviewed by analysis presented in the literature. Finally, the few research 

gaps identified are also reported in the paper. 
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Introduction 

Electricity demand is rising at a very high pace and electricity demand is running ahead of supply. The 

biggest shift occurring in the distribution network is the advent of distributed energy resources (DES). In 

order to meet the continuously growing demand for electricity, there has been an increased integration of 

DES with the distribution network using electronic power converters. The penetration level of 

distributed energy resources is projected to increase further in the future. This leads to the increase of 

fault currents more than the rated capacity of the existing protection switch gear. Under such scenarios, 

the existing infrastructure will be damaged and need to be protected as it is an expensive affair. So, a 

device that limits the fault current should be introduced. 

A Fault Current Limiter (FCL) is a device that can overcome the above said problems due to increased 

fault current levels. In power systems, two kinds of fault current limiters are extensively used viz. super 

conducting and non-superconducting FCLs. In recent years several case studies and application of 

superconducting fault current limiters to different parts of power systems is reported in the literature [1-

7]. They are also applied in generation, transmission and distribution system as well as in the presence 

of renewable energy resources [8-11]. Now-a-days deregulated market mechanism and restructuring of 

power system resulted in high fault currents. This is also one motive for showing interest towards Fault 

Current Limiters technologies. 

The organization of the paper is as follows: Section I presents the basic principle of Fault Current 

Limiters (FCLs). Then types of superconducting FCLs are discussed with their advantages in Section II. 

In Section III, application of superconducting FCLs for identified power system problems. Finally, 

important research gaps are identified and concluded with possible future scope. 
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I. Basic principle of Fault Current Limiter (FCLs) 

In order to understand the use of fault current limiter, let us understand different components in short 

circuit current. It consists of symmetrical component and a decaying DC offset. They combine to form 

an asymmetrical fault current having a maximum peak in the first cycle, if the fault occurs at zero 

voltage crossing. This fault current initiated after a fault in the power system can be limited by a device 

called Fault Current Limiter (FCL). This helps in utilizing a low power protective device as the actual 

fault current is limited to a lower values. 

Ideally, a fault current limiter is one which shows different impedance behaviors at normal and faulty 

operation of power systems. During the normal operation of power system i.e., before a fault, it acts as a 

short circuit and as a large impedance in faulty situations. This large limiting impedance can either be 

realized by superconductors or by power electronics components. It should be able to operate within the 

first cycle of fault current as discussed and should be able to return to the normal state within a short 

time after the current is limited. It should also be able to operate reliable for multiple operation with 

higher longevity. Its presence should not affect the relay coordination. Finally, size and cost the device 

should be reasonable [12-14]. 

 

II. Types of Superconducting Fault Current Limiters (Superconducting FCLs) 

Conventionally, the fault current limiters are classified as series type, shunt type and solid state diode 

types. The implementation principle in series type FCLs is by shorting a capacitor in a tuned LC parallel 

resonance circuit. In a shunt type of FCL, a bypass switch in parallel to an impedance is opened which is 

normally closed during healthy operation of power system. On the other hand, current conservation law 

in a bridge is utilized in the solid state diode type of FCLs [15]. 

Due to the high nonlinear nature of the superconducting materials, they are very useful to build FCLs. 

These superconducting FCLs can be classified into the following types based on the structure and 

principle of operation as [7] 

 Inductive type 

 Non Inductive type 

 Resistive type 

 Transformer type 

 Magnetic shield type 

 Flux lock type 

a. Inductive type[16]: 

As shown in the Fig. 1, Inductive type superconducting FCLs consists of two coaxial windings, wherein 

the primary winding is made up of copper and secondary winding is made up of a high temperature 

superconductor. It also has a magnetic core (optional). The whole unit is cooled by bathed in liquid 

nitrogen. In the pre fault conditions, almost zero impedance is by Inductive type superconducting FCL 

and a high impedance during contingencies. 

b. Non inductive type[17]: 

The non-inductive type of superconducting FCL presented in [17], has a current limiting coil and trigger 

coil arranged as shown in the Fig.2. They are magnetically coupled and anti- parallel to each other. This 

arrangement can further be modified as coaxial arrangement and as a bifilar winding arrangement. Of 

these two high impedance ratio is offered by the second type of arrangement. 
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Fig.1: Inductive type Fig.2:Non inductive type 

c. Resistive type[18]: 

A basic arrangement of n unit in resistive superconducting FCL is shown in Fig.3. It consists of a 

superconducting (Rnc) and stabilizing resistances (Rns) in parallel. Then an inductive coil is connected 

in series with these parallel resistors. The values of stabilizing and superconducting resistors varies with 

time depending on the state of power systems according to their characteristics. The value of coil is 

chosen in such a way that it provides minimal loss during steady operations. This type of superconducting 

FCLs are efficient and quick in suppressing the fault currents to maintain the transient stability of power 

system. 

d. Transformer type[19]: 

In transformer type of superconducting FCL, the primary winding of the transformer is connected in 

series with the system load and the secondary winding of the transformer is connected in series with the 

superconductor as shown in the Fig. 4. From the figure, it can be observed that,during faulty scenarios, 

an arc is quenched limiting the fault current in the secondary side of the transformer to very less value. 

This leads to the limiting of fault current on the primary side also. This type of superconducting FCLs 

has shown better performance in enhancing power system reliability and stability. 

Fig.3: A simple resistive unit in resistive type Fig.4: Transformer type 

e. Magnetic shield type[20]: 

As shown in the Fig. 5, Magnetic shield type superconducting FCL has a high temperature 

superconductor (HTS) tube wound around an iron core below a current carrying primary coil. The 

currents flowing through the primary coil penetrates in to the iron core through the HTS tube. During a 

fault, the resistance of HTS tube is reflected into the primary circuit, this infiltrating the magnetic flux 

leading to the increase of limiter impedance. 
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f. Flux lock type[21]: 

The configuration of the flux lock type superconducting FCL with over current relay (ORC) is shown in 

Fig.6. This arrangement consists of two parts viz. the current limiting part and a current interrupting part. 

The two parallel connected coils and a high temperature superconductor (HTSC) connected in series to 

one of the coils forms the current limiting part and The ORC and circuit breaker falls into the current 

interrupting part. During the steady operation, the magnetic flux cancel each and induce zero voltage 

across the coil. But during a system contingency, voltage is developed across the coils which limits the 

fault current. This type of superconducting FCLs has a less power burden for HTSC element. A hybrid 

type superconducting FCLs is proposed and its operating characteristics are analyzed in [22]. 

 

Fig.5: Magnetic shield type Fig.6: Flux lock type 

 

III. Applications of Superconducting FCLs 

Now-a-days, superconducting fault current limiters are extensively used in different parts of the power 

system. In this section, various applications of superconducting fault current limiters are presented. 

Broadly they are used for the purposes: 

a) Transient Stability and Power Quality Enhancement 

b) Power System Protection Improvement 

c) Fault Current Reduction and Fault Ride Through Capability Enhancement 

 

a. Transient Stability and Power Quality Enhancement: 

Day-to-day, the power system is expanding in capacity as well as becoming more and more complex 

due to the interconnection of many renewable energy resources. On the other, increase in power demand 

forcing the grid to operate near to the maximum operating points. Such a situation lead to the increased 

fault level and reduced the security of the system in terms of stability. Such higher short circuit currents 

results in dip of voltages at different buses below the acceptable limits in view of power quality. So, as 

discussed a superconducting FCLs are reliable and cost effective solution to improve the power quality 

and transient stability of the system [24-26]. 

The studies performed in [23], have summarized the performance of the resistive and inductive type 

superconducting FCLs in enhancing the power quality and transient stability of power systems. The 

simulation results shown that a resistive type superconducting FCLs is able to improve the power quality 

as well as the transient stability of the systems. But enhancement of both power quality and transient 

stability is not obtained at the same time. As a device to improve the power quality, resistive type 

superconducting FCLs placed at a feeder location reduced the three phase fault current to 15% and the 

voltage dip at the faulted bus is reduced by 50%. But, its performance for transient stability is very poor. 

It is investigated that for better transient stability, the value of resistance in the FCL should be as low as 

possible. The inductive type superconducting FCL located at a particular location is able to enhance both 
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the quality as well as the stability of power systems. 

b. Power System Protection Improvement 

The fault currents levels may exceed the maximum short-circuit ratings of the switchgear. Traditionally, 

to alleviate the cost of switchgear and bus replacements, the most common ways to limit high-level fault 

currents are: uprating of switchgear and other equipment, splitting the power grid and introducing higher 

voltage connections (AC or DC), using current-limiting fuses or series reactors or high-impedance 

transformers, and using complex strategies like sequential network tripping. Nevertheless, these 

alternatives may create other problems such as loss of power system safety and reliability, high cost and 

increasing power losses [27]. 

In distribution network, the negative effects of DGs such as false tripping, miss coordination, reach 

reduction and blinding of protection devices are minimized by the application of superconducting FCLs 

[28]. Various protection evaluating indices are proposed for each individual effect. A resistive type 

superconducting FCL is suitable for high fault current and rapid current rising speeds. In a DC 

distribution system, the effect of resistive type superconducting FCLs is studied on the coordination of 

protection system is analyzed in [29]. In this paper a transient current protection is proposed which takes 

care of upstream and downstream protection relays. In [30], protection coordination of a flux lock type 

superconducting FCL with overcurrent relay is proposed. 

 

c. Fault Current Reduction and Fault Ride through Capability Enhancement 

In this deregulated power systems, Fault ride through capability is very much necessary. Application of 

superconducting FCLs for enhancement of fault ride through capability in Wind Farms are reviewed in 

[31-33]. Double fed induction generators (DFIGs) are highly sensitive to the disturbances in the power 

systems. As per the new grid code requirements, improvement of fault ride through capability for DFIG 

is one of the important issue due to partially rated back to back converters in it. This can be overcome by 

utilization of fault current limiting devices to limit the fault current levels and also protect back-to-back 

converter, solid state switches from damage. The interaction of DFIG wind turbine with the grid during a 

disturbance is illustrated in [33]. In order to have a fault ride through capability for a DFIG, converter 

control and protection systems are very much necessary. Whenever high transient currents and voltages are 

sensed in the generator or in the converter, protection devices should be triggered otherwise it leads to the 

damage converter system. 

In [31], a modified flux coupled type superconducting FCL is proposed to enhance the fault ride through 

capability. The application of superconducting FCLs have effectively limited the stator and rotor side 

fault currents and also improved the voltage sag. This strategy also prevented the possible disconnection 

of DFIG from the grid. 

 

Conclusions 

The reliability and economic feasibility of superconducting fault current limiters for limiting short 

circuit currents in the power system is rapidly gaining importance. In this paper, the basic principle of the 

fault current limiters is presented. The configuration of various types of superconducting FCLs along 

with their advantages is also discussed. Application of these devices to enhance grid stability, power 

quality, protection and fault ride though capability is illustrated with brief literature review. Finally, few 

research gaps in the application of superconducting FCLs to restructured power are identified as optimal 

placement of superconducting FCLs in highly renewable energy penetrated system, influence of these 

devices on the relay coordination, Economic analysis of utilization of these devices in AC/DC systems 

etc.,. 
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