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Abstract 

As a result of the increasing power demand and the high penetration of distributed generations (DG), a 

current can suddenly increase during a contingency. This fault current gives the possibility of exceeding 

the ratings of the existing protective devices. Therefore, in power systems, the utilization of 

superconducting fault current limiters (SFCLs) can suppress the unanticipated short-circuit currents in 

utility distribution and transmission networks, so that the underrated switchgears can be operated safely. 

SFCL's eliminate or greatly reduce the financial burden on the utilities by reducing the wear on circuit 

breakers and protecting other expensive equipment. Superconducting fault current limiter (SFCL) based on 

high temperature superconductors (HTS) is an enabling technology for the extensive fault current 

limitation when compared to conventional circuit breakers (CBs) and other fault current limiters.  

Superconducting FCLs can be installed at optimum locations in the transmission network to reduce fault 

currents to within a tolerable range when a new power plant is installed. With these placements, we can 

make full use of the advantages of smart grid’s communication network and different characteristics of 

FCL devices in different categories to offer a more flexible and reliable protection for future power grid. 

This paper outlines various types and basic application guidelines for using superconducting fault current 

limiters in electrical utility network. 

Keywords: Fault current, smart grid, superconducting fault current limiter 

1. Introduction 

With current initiatives on smart grid and 

sustainable energy, distributed generations (DGs) 

are going to play vital role in the emerging electric 

power systems 
[1]

. Recent studies have predicted 

that by year 2010, distributed generation will 

account for up to 25% of all new generation 
[2]

. By 

the addition of Distribution Generation (DG) to 

distribution networks, voltage profile of the 
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network is improved and loss reduction and 

energy demand decreases from the utility network. 

Also enhancing DG is an attractive distribution 

planning option will avoids causing degradation 

of power quality, reliability and control of the 

utility systems 
[3]

. The high degree of penetration 

of DGs has a considerable impact on the 

operation, control, protection and reliability of 

existing power utility systems. The introduction of 

a DG into a distribution system brings about a 

change in the fault current level of the system and 

causes many problems in the protection system, 

such as false tripping of protective devices, 

protection blinding, an increase and decrease in 

short-circuit levels, undesirable network islanding 

and out of- synchronism reclosers 
[4]

. 

Several possible solutions have been proposed to 

overcome the above problems, such as upgrading 

circuit breakers, installing microprocessor based 

recluses 
[5]

, employing adaptive protection 
[6]

, 

decreasing the generation capacity of DGs or even 

cut off the DGs from the main grid during fault 

conditions 
[7].

 These methods are complex and 

expensive, and in many cases put constraint in 

using DG capacity and limiting the benefits from 

DG units. 

Among the countermeasures to solve the short-

circuit problem in a power distribution system 

considering the increase of the DG, the 

superconducting fault current limiter (SFCL) has 

been noticed as one of the promising devices 
[8],

 

because it has   negligible power loss and 

capability to limit initial fault currents effectively 
[9].

 Nexans is the premier developer of FCL in 

Europe and has installed several devices. The 

initial work by Nexans was on resistive SFCLs, 

and they were the first to fabricate and install a 

commercial SFCL 
[10]

. 

This paper describes potential application of High 

Temperature Superconducting Fault Current 

limiter presently under development by American 

Superconductor. Zenergy Power Inc. and Super 

Power Inc. etc: 

 A project implemented by Zenergy Power 

Inc. and aiming to design, test and demonstrate a 

138-kV transmission class inductive HTS FCL 

 A project implemented by SuperPower 

Inc. and aiming to design, test and demonstrate a 

138-kV resistive HTS FCL that features a matrix 

design 

 A project implemented by American 

Superconductor which is developing and in-grid 

testing a three-phase, high-voltage, 138-kV 

resistive HTS FCL, called a Super Limiter™, 

which uses second-generation (2G) wire 
[11]

.  

In 1996, the first prototype high-temperature-

superconductor SFCL with a rating of 1MVA at 

10.5kV was installed in Switzerland 
[12]

. On 

March 7, 2001, ABB demonstrated the world’s 

most powerful SFCL with a rated power of 

6.4MVA at Baden, Switzerland 
[13].

 No major 

SFCL developments have been announced by 

ABB since 2001 
[14].

 The SFCL systems based on 

CC tapes are the subject of two running projects 

ENSYTROB and ECCOFLOW. These are 

coordinated by NEXANS. “ENSYSTROB” 

aiming at the development of a SFCL for the 

application in the auxiliary supply of a power 

station rated at 12kV & 800A. The European 

“ECCOFLOW” project aims at developing a 

resistive SFCL which will serve two installation 

sites of two different utilities. Even though one 

site operates at 16 kV as a bus bar coupling in the 

grid of Endesa and another at 24 kV as a 

transformer feeder in the grid of VSE, it was 

possible to find a common design 
[15].

 

2. High-Temperature Superconducting 

(HTS) FCL: 

The first superconducting fault current limiters 

(SFCLs) were proposed in the 1970s 
[16]

, and 

significant research and development has been 

undertaken, particularly since the discovery of so-

called high-temperature superconductors (HTS) in 

1986. HTS materials typically permit liquid 

nitrogen to be used for cooling the 
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superconductor, rather than a more costly cryogen 

such as liquid hydrogen. 

High-Temperature Superconducting (HTS) 

FCLs, as its name suggests, this category uses 

superconducting-based material, which has the 

following properties:  

 Zero resistivity below a critical temperature 

(TC) and a critical current density (JC). 

 As soon as JC and/or TC are surpassed, the 

resistivity of the material increases rapidly. 

As explained in 
[17]

, most HTS FCL concepts 

exploit this sharp transition of superconductors 

from zero resistance at normal currents to a finite 

resistance at higher current densities. Therefore, 

fault currents are limited instantly when the 

critical current is exceeded. Thanks to these 

characteristics, a superconducting FCL comes 

close to the “ideal” fault current limiter behavior 

of a self-triggered, failsafe device.  

The continuous efforts to suppress the increase of 

the short-circuit current have resulted in the 

development of various types of superconducting 

fault current limiters (SFCL) in many countries 
[18]

. 

2.1. Resistive type SFCL 

A generic configuration of a resistive-type SFCL 

is provided in figure 1. The figure includes HTS 

elements (superconducting part) in a vacuum-

insulated vessel filled with coolant (usually liquid 

nitrogen, LN2), a pair of current leads (to connect 

HTS elements at cryogenic temperature to room-

temperature bushings), and a cooling system. The 

HTS elements are inserted in series with the line 

being protected. During a fault, the critical current 

(IC) is surpassed and their resistance increases 

rapidly, leading to quenching of HTS elements 

before the first peak of short-circuit current is 

reached. In 50 or 60 Hz AC systems, HTS 

elements quench within 1-2 ms after initiation of a 

fault, depending on the ratio of prospective fault 

current to normal current. Dimensions of the 

bushings and cryostat are substantial for achieving 

adequate voltage standoffs, particularly at the 

transmission voltage levels. 
[19]

 Prototype FCL 

concepts have been built and tested with varying 

degrees of success. 

 

Figure 1: An arrangement of SFCL 

Figure 2 shows a typical circuit for a resistive 

fault current limiter. 

 

Figure 2: Resistive SFCL 

Resistive SFCL works with the concept of zero 

resistance under normal operating conditions i.e. 

current is below a critical value IC and 

temperature below a critical value TC. Under fault 

conditions, when the current exceeds IC, the 

resistance of superconductor significantly 

increases due to quenching and this S-N 

transitions then acts like a limiter switch 
[20]

. This 

version of the SFCL utilizes a resistor in parallel 

with the superconducting material that protects the 

superconductor from hotspots that may develop 

during the quench, as well as avoiding over-

voltages. Resistive SFCLs are considered fail safe 

and can be built to exhibit negligible impedance 
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during normal system operation. A recovery time 

is however required following a quench, which 

can range from one second to one minute, 

depending on the superconducting material 

employed. One of the disadvantages is that there 

is energy loss in the current leads coming from 

room temperature to cryogenic temperature. 

According to 
[21]

, this will result in approximately 

40-50 W/kA heat loss per current lead at cold 

temperature. This would equate to a maximum 

operating loss of approximately 80kW for a three 

phase SFCL operating in series with a 10MW 

generator connected at 11kV. 

From the point of view of power systems, the 

resistive SFCL is preferable because it increases 

the decay speed of the fault current by reducing 

the time constant of the decay component of the 

fault currents, and can also make system less 

inductive 
[22]

. 

2.2. Inductive type SFCL
[23]

 

Inductive SFCLs come in many designs; the 

simplest design is a transformer with a closed 

superconducting ring as the secondary. In un-

faulted operation, there is no resistance in the 

secondary and so the inductance of the device is 

low. The inductive limiter can be modeled as a 

transformer (Figure 3). 

Figure 3: Inductive SFCL 
[24]

 

The impedance of this limiter in the steady state is 

nearly zero, since the zero impedance of the 

secondary (HTS) winding is reflected to the 

primary. In the event of a fault, the large current 

in the circuit induces a large current in the 

secondary winding causes loss of 

superconductivity. The resistance in the secondary 

is reflected into the primary circuit and limits the 

fault. The advantage of this design is that there is 

no heat ingress through current leads into the 

superconductor, and so the cryogenic power load 

may be lower. However, a large amount of iron is 

required and hence inductive SFCLs are much 

bigger and heavier than resistive SFCLs 
[23].

 

2.2.1. Inductive FCL with Shielded-Core  

One of the first SFCL designs developed for grid 

deployment was the shielded-core design. Figure 

4 shows the scheme of a shielded iron core SFCL, 

which is made up of a primary winding around an 

iron core with a superconducting cylinder in 

between. This SFCL is also called an inductive 

SFCL because its structure is similar to a 

transformer with a short circuit secondary 

winding. During normal operation, the current in 

the superconducting cylinder is lower than its 

critical current and it screens all the flux from the 

iron core. The impedance of the device, which 

consists of the resistance of the primary winding 

and the stray inductance, is very low. In the event 

of a fault, the current in the superconducting 

cylinder exceeds the critical current and the 

cylinder starts to develop a resistance. The 

magnetic flux penetrates into the iron core, so the 

inductance of the primary winding increases. The 

equivalent impedance of the device becomes the 

inductance of the primary winding and the 

referred cylinder resistance to the primary in 

parallel. 

 

Figure 4: Shielded iron core SFCL 
[20]
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Figure 5: Shielded iron core superconducting 

fault current limiter. 
[25]

 

  
Figure 6: Shielded-Core SFCL Concept 

[20]
 

According to 
[17],

 shielded iron core FCLs have the 

following advantages: no current leads are needed, 

and since the number of turns of the secondary 

winding can be much smaller than the primary 

turns, only short superconductors are needed and 

the voltage drop in the cryogenic part of the 

device is very low. However, their main 

drawbacks are their relatively large volume and 

high weight.  

2.2.2. Inductive FCL with Saturated Iron 

Core 

Unlike resistive and shielded-core SFCLs, which 

rely on quenching of superconductors to achieve 

increased impedance, saturable core SFCLs utilize 

the dynamic behavior of the magnetic properties 

of iron to change the inductive reactance on the 

AC line 
[23]

. 

The saturated iron - core concept utilizes two iron 

core per phase as shown in Figure 7. A 

conventional copper coil could be used to saturate 

the cores during normal operation. However, in 

order to reduce I 2 R losses in the copper coil and 

to make the device acceptable to the users, 

developers have opted to use a superconducting 

coil for saturating the core. The most attractive 

feature of this FCL is simplicity and a fail - safe 

mode of operation. Faults of long durations can be 

handled and recovery from a fault is 

instantaneous, enabling the device to handle 

multiple successive faults in rapid succession, 

such as auto - recloses on a protected line or 

circuit breakers with existing reclosing logic. 

Explained below is the principle of operation 
[26]

: 

 During normal operation, large ampere - 

turns created with DC in the secondary 

superconducting HTS coil drive the core into 

saturation. This lowers impedance of the copper 

coil in the primary AC side near to that of an air - 

core coil. 

 During a fault, a large fault current 

demagnetizes the core and drives it from the 

saturated to unsaturated state (Linear B – H 

region). This increases the primary AC coil 

impedance. The increased impedance limits the 

fault current to the desired level. 

 

Figure 7: Inductive FCL concept with saturated 

iron core (Courtesy Zenergy Power) 

 

Figure 8: Saturable-Core superconducting fault-

current limiter 
[27]
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Since an AC wave has both positive and negative 

peaks to magnetize the iron core, it becomes 

necessary to employ two separate cores for each 

phase. Each core has a normal (copper) coil in 

series with the line being protected. One core 

works with the positive peak of the AC and the 

other with the negative peak. A three - phase 

arrangement of this concept is shown in Figure 7 , 

which has six primary copper coils (two for each 

phase) and a common secondary DC HTS coil for 

saturating all cores simultaneously. This device, 

installed in the Avanti Circuit of Southern 

California Edison in March 2009, became the first 

SFCL to operate in a US utility system. Abbott 
[28]

 

has described operation of such a limiter.  

A major drawback of saturable-core SFCL 

technology is the volume and weight associated 

with the heavy iron core; however, manufacturers 

hope to improve this issue in future prototypes. 

Zenergy has recently tested a prototype saturable-

core SFCL based on an entirely new design 

concept that is four times smaller than its 

predecessor. GridON, an Israeli-based startup 

company, is in the process of developing 

saturable-core concept intent on reducing size and 

weight to more accommodating levels for 

commercial use 
[27]

.  

2.3. DC biased iron core type SFCLs 
[23]

 

Noe and Steurer (2007) explained that these 

devices incorporate two iron-core coils that are 

driven into saturation by introducing a DC bias 

current under normal operating conditions. These 

two cores are placed in series path of the potential 

fault current. While these two cores are operating 

in saturation mode, their (and hence the SFCL) 

inductances are low. When a fault current flows, 

these coils will be driven out of saturation, 

resulting in an increase of the apparent coil 

inductance. 
[20],  [25], [27]

. 

This concept has the advantage of requiring 

relatively less superconductor material and a 

smaller cryogenic system to cool the device. The 

requirement for the iron cores does however make 

the device bulky when compared to other SFCL 

devices 
[20]

.  

2.4. Magnetic assisted resistive type 

 
Figure 9: Schematic of magnetic assisted resistive 

type SCFCL 

As implied by its name, the magnetic assisted 

resistive SCFCL works similar in principle to the 

resistive SCFCL described above. A copper coil is 

connected in parallel with the superconductor 

elements. Also, this shunt coil is physically 

wrapped around elements. During normal 

operation, the superconductor carries all the 

normal operation current and presents little 

impedance to the power network. Under fault, the 

resistance of the shunt coil has the same function 

as the shunt resistor in the resistive type SCFCL, 

bypassing the fault current and preventing hot-

spots caused by inhomogeneous quenching of the 

superconductor. Other than this, a voltage drop 

caused by the initial quench is seen by the shunt 

copper coil, and builds up a magnetic field inside 

the coil. This magnetic field effectively 

accelerates the quenching process of the 

superconductor, since the superconductors’ 

critical temperature reduces substantially when 

exposed to external magnetic fields (as shown in 

Figure 9) 
[20], [29]

.  

2.5. The Active SFCL 
[30]

 

Active-type SFCL take full advantage of high-

density superconductors unimpeded carrying 

capacity, combined with modern power 

electronics and control technology with fast 

response and flexible control features to achieve 

active current limiting, breaking the previous 

limitations of superconducting current limiter sex. 
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Figure 10 for the Institute of electrical current 

compensation proposed superconducting current 

limiter. 

In the event of failure, the system rapidly increased 

the main current I1, I2 have increased accordingly, 

the outside IP (IP remains the same) part of the 

compensation will be transferred to the current 

limiting resistor R, equal to R immediately put 

into the fault current limiter. With modern power 

electronics and control technology continues to 

evolve, devices continue to lower prices and loss 

of control increasing accuracy and speed of 

response, and the real high-temperature 

superconducting materials, especially the second 

generation high temperature superconducting tapes 

continues to develop, there Source 

superconducting current limiter will have a good 

prospect. 

 

Figure 10: The structure of the active SFCL 

2.6.   The Bridge SFCL 
[30]

 

The concept of bridge-type SFCL by the LANL 

and the U.S. power company Westinghouse in 

1983 made. The limiter works is not based on 

superconducting materials from the 

superconducting state to normal state transition, 

but to use a superconducting material in the DC 

state of unimpeded carrier characteristics. This 

SFCL employs solid state technology to control 

the flow of current through a superconducting 

inductance. Figure 11 for the bridge type SFCL 

single-phase circuit. It consists of diode bridge 

D1-D4, the superconducting coil L and the 

composition bias supply Vb, Vb for the 

superconducting coil to provide bias current IL 

 

 

. 

 

 

 

 

 

 

Figure11: The structure of Bridge SFCL 

In a failed state, when i amplitude increased to I0 

when i was a half weeks in the diodes D3 and D4 

is not conducting, while the negative half weeks in 

the Dl and D2 is not conducting, superconducting 

coils in series on the line is automatically , fault 

current was limited by a large inductance L. 

However, during normal operation, the 

superconducting coil current amplitude by more 

than the DC circuit, so by the introduction of low 

loss current leads large. It also needs the power 

diode bridge and the bias power, the system is 

more complex 
[31]

.  

The inductor does not have to be made of 

superconducting material, but superconducting 

material can be used to minimise the losses. In 

addition, during normal conditions, the inductor 

only carries DC current, which makes a 

superconductor an ideal choice. Thyristors can be 

used to replace the diodes, so it is possible for 

them to turn off the current at the next current 

zero-crossing after a fault occurs. 

Advantages: 

 No AC losses in the superconducting coil 

because it is operating with DC current. 

 Fast recovery after the fault clears because 

the coil remains in the superconducting state 

during the fault. 

 The trigger current level can be adjusted 

by the DC current source. 
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 Does not require a room 

temperature/cryogenic interface in the power line. 

Disadvantages 
[32]:

 

 AC losses in the semiconductors are 

relatively high. 

 No fail safe mechanism. If one of the 

semiconductors fails and creates a short circuit, 

the SFCL cannot limit the fault current. 

2.6. The Three-Phase Circuit Reactance 

SFCL 
[30]

 

The Three-Phase  Circuit  Reactance  SFCL  

consists  of  3   same  superconducting windings 

which is in a single core. The structure model is 

given in Fig 12. When 2-phase or 3-phase short-

circuit fault occurs, the impedance of the device 

increases. When the short-circuit current reach to 

the critical value, the superconducting windings 

will quench, the short-circuit current will be 

limited by a large normal resistance. 

The outstanding advantage of the Three-Phase 

Circuit Reactance SFCL is that it will not quench 

when a single-phase ground fault occurs. 90% of 

the power system fault is the single-phase ground 

fault so that the Three-Phase Circuit Reactance 

SFCL cannot limit major short-circuit current in 

the condition of non-quenching. 

In addition, it is necessary to improve the normal 

resistance of high-temperature superconducting 

wire (with materials) to make it widely be used 

because the cost of cooling high-temperature 

superconducting material is much lower than the 

low-temperature superconducting material. 

 

 

 

 

Figure 12: The structure of the Three-Phase 

circuit reactance SFCL 

2.7. Flux-lock type SFCL 

A flux-lock type SFCL consists of a flux-lock 

reactor with a superconducting coil L3 and a 

magnetic field coil. A schematic circuit of a flux-

lock type SFCL is shown in Figure 13. During 

normal operation, the superconducting element is 

in the superconducting state, so the voltage across 

it is zero. The magnetic flux linkage through the 

iron core is constant in a DC mode and therefore 

the voltages across these three coils are zero, and 

the impedance of the SFCL is negligible. Once a 

fault occurs, the superconducting element loses its 

superconductivity and develops a resistance, 

which reduces the fault current. The magnetic flux 

then varies in the iron core and the induced 

voltage across the coils changes. The current 

flows in the magnetic field coil and the external 

magnetic field is applied to the superconducting 

element, which causes the resistance of the 

superconducting element to increase faster and 

relatively evenly along its length. 
[32]

 

            Figure 13: Flux-lock type SFCL 

Advantages: 

 During a fault condition, the magnetic field 

coil applies the magnetic field to the 

superconducting element to make it quench 

equally, which prevents hot spot problems 

in the superconducting element. 

 The superconducting element is isolated 

from the power line. 

Disadvantages: 

 The device is very bulky and heavy due to 

the iron core. 

 AC losses in the three windings. 
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 Long recovery time. Due to the heat 

dissipated and temperature rise of the 

superconductor, it may take several seconds 

to several minutes to recover. 

A flux-lock type SFCL with two triggering 

current levels produces more effective current-

limiting using a second superconducting element 

in case the initial transient component of the fault 

current is large 
[33]

. 

2.8. Fault current controller SFCL 
[20]

 

A fault current controller SFCL consists of two 

anti-series connected thyristors, with each 

thyristor connected with a superconducting coil 

inductor in parallel, as shown in Figure 14. 

 

Figure 14: Fault current controller SFCL 

The thyristors are triggered at their respective 

peak load current and then constant DC currents 

circulate through the parallel thyristors and 

inductors. The triggering signals are removed after 

the thyristors are turned on. During normal 

operation, the AC current is lower than the 

constant DC current, so that the thyristors are 

conducting and short-circuit the inductors. When a 

fault occurs, the AC current rises above the 

constant DC current. When the current is in the 

positive half-cycle, the current through thyristor 

T2 will go across zero and then T2 will turn off. 

Inductor L2 is inserted into the circuit to reduce 

the fault current. Thyristor T1 will subsequently 

turn off at the negative half cycle and insert 

inductor L1 into the circuit [32].This FCC type 

has similar characteristics to the diode bridge type 

SFCL but requires less power electronics 
[23]

. 

 

Advantage: 

 Fast recovery after the fault clears because 

the coil remains in the superconducting state 

during the fault. 

Disadvantages: 

 AC losses in the semiconductors and 

superconducting coil. 

 No fail safe mechanism. If one of the 

semiconductors fails and creates a short circuit, 

the SFCL cannot limit the fault current. 

2.9. Matrix-Type Superconducting Fault 

Current Limiter 

The matrix-type superconducting fault current 

limiter (MSFCL) consists of the trigger and 

current-limiting parts. The trigger part with 

reactors connected in parallel improves the 

quenching characteristics by applying the external 

magnetic field into the superconducting units. The 

current-limiting part with superconducting units 

connected in parallel and shunt reactors connected 

in series limit the fault current when the fault 

occurs 
[34]

. 

Figure 15 shows a simplified equivalent circuit 

representation of the MFCL in a transmission 

system. Here the MFCL is represented by an HTS 

element shown as variable resistance in parallel with 

a reactor. Under normal operating conditions, the 

peak of the AC current level of the power 

transmission network is always below the critical 

current level of the superconductor, therefore there 

is essentially not voltage drop across the device 

and there are no I
2
R losses. The device is 

"invisible" to the grid. When the fault occurs, the 

fault current level exceeds the critical current level 

of the superconductor, creating a quench condition. 

The superconductor is forced to transition to the 

high resistive state and most of the fault current is 

shunted into the parallel inductor to introduce the 

current limiting impedance Z0 into the grid to limit 

the fault current 
[35].
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Figure 15: Electrical Equivalent of MFCL in a Power 

System 

3. Fault-Current Limiter Applications 
[36]

 

Fault-current limiters can be applied in a number 

of distribution or transmission areas. Three main 

applications areas are shown in Figs. 16, 17, and 

18. 

 

Figure 16: Fault-current limiter in the main 

position 

The fault-current limiter FCL protects the entire 

bus. 

 

Figure 17: Fault-current limiter in the feeder 

position 

The fault-current limiter FCL protects an 

individual circuit on the bus. Underrated 

equipment can be selectively protected as needed 

in this manner. 

 
Figure 18: Fault-Current limiter in the bus-tie 

position 

The two uses are tied, yet a faulted bus receives 

the full fault current of only one transformer. 

The most direct application of a fault-current 

limiter is in the main position on a bus (Fig. 16). 

Benefits of an FCL in this application include the 

following: 

 a larger transformer can be used to meet 

increased demand on a bus without breaker 

upgrades 

 a large, low impedance transformer can be used 

to maintain voltage regulation at the new power 

level 

 I
2
t damage to the transformer is limited 

 reduced fault-current flows in the high-voltage 

circuit that feeds the transformer, which 

minimizes the voltage dip on the upstream 

high-voltage bus during a fault on the medium-

voltage bus 

An FCL can also be used to protect individual 

loads on the bus (Fig. 17). The selective 

application of small and less expensive limiters 

can be used to protect old or overstressed 

equipment that is difficult to replace, such as 

underground cables or transformers in vaults. 

An FCL can be used in the bus-tie position (Fig. 

18). Such a limiter would require only a small 

load current rating but would deliver the following 

benefits: 
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 separate buses can be tied together without a 

large increase in the fault duty on either bus 

 during a fault, a large voltage drop across the 

limiter maintains voltage level on the unfaulted 

bus 

 the paralleled transformers result in low system 

impedance and good voltage regulation; tap-

changing transformers can be avoided 

 Excess capacity of each bus is available to both 

buses, thus making better use of the 

transformer rating. 

Table 1: SFCLs’ installation options and related advantages 
[21]

 

Installation options Related Advantages of SFCL Installation 

Fault current 

limiters in the 

incoming feeders 

 

 The short-circuit current of the feeding sources 

(transformers and generator) will be reduced 

 By parallel connection of transformers (two systems), 

one will get an even distribution of the feeding 

transformers 

 Reduction of the network impedance 

 Reduction of the required short-circuit capability of the 

system 

Fault current limiter 

in the coupling 

 

 No disconnection of the feeding transformers after 

tripping of the FCL. By parallel connection of 

transformers (two systems), one will get an even 

distribution of the feeding transformers 

 Reduction of the network impedance 

 Reduction of the required short-circuit capability of the 

system 

Fault current 

limiters in the 

outgoing feeder 

 

 Reduction of the network impedance 

 Reduction of the required short-circuit capability of the 

subsystems 

 By parallel connection of the transformer (two systems), 

one will get an even distribution of the feeding 

transformers 

 In each outgoing feeder, an FCL is installed. By doing 

this, only the short-circuit current flowing to the faulty 

outgoing feeder will be reduced. The main bus must be 

designed to carry the total short-circuit current 

The results of an inquiry carried out by the 

Working Group regarding the preferred locations 

for installing fault current limiters are shown in 

Figure 19. From this survey follows that the 

majority of fault current limiters will be installed 

in bus ties (52 %) and incoming feeders (33 %) 
[25]

. 

 

Figure 19: Preferred locations for installing 

fault current limiters 
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The optimal location of the SFCL in electric 

power grid is determined so as to improve 

transient stability and low-frequency oscillation 

damping performance of the system, when a 

severe damage is introduced (three-phase fault). 

The advantage of the proposed method in Ref. 

[37] is that the selected location of the SFCL takes 

into account the fact that the fault can occur 

anywhere in the studied grid. 

4. Conclusion: 

Utilities always look for ways to get more out of 

their existing equipment. The HTS FCLs present 

an option to rein in the fault current levels to 

within the capability of existing equipment. To 

help address these problems, with R & D funding 

from the US Department of Energy, equipment 

manufacturers, electric utilities, and researchers 

from private industry, universities, and national 

laboratories are teaming up to spur innovation and 

development of new technologies, tools, and 

techniques. Because of these efforts, the future 

electric grid will likely incorporate technologies 

very different from those that have been 

traditionally employed. The S FCL is one of these 

technologies, and the first units are already being 

deployed commercially. Manufacturers and users 

are already working on developing standards for 

FCLs under IEEE. 

With the use of 2G HTS, SFCLs have to compete 

with the conventional breakers in cost, size, long 

operation feasibility and cryogenic reliability. The 

most compact SFCL at distribution voltage levels 

are viable in the near future. Some projects have 

already started recently to develop SFCL 

prototypes for transmission voltage levels. To 

commercialize SFCLs, it is essential to further 

improve their properties (e.g. superconductor AC 

loss) and reliable, compact and low-cost 

cryocoolers.  

There are many possible locations in power 

systems where FCLs installation offers technical 

and economical benefits. The bus-tie position 

appears to be the most economical option among 

other alternatives. 
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