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Abstract- Interruptions to supply and sags of distribution sys t em  
voltage are the main aspects causing customer complaints. There 

is  a need for analysis of supply reliabilit y  and volt age sag t o 

relate sy s t em p erformance wit h net work s t ruct ure and  

equipment design paramet ers . T his  analy s is  can also give 

p rediction of volt age dip s , as  well as  relat ing t radit ional 
reliability and momentary outage measures to the propert ies  of 

p rotection syst ems and t o net work imp edances . Exis t ing 

reliability analysis software often requires substantial t raining, 

lacks automated facilities, and suffers from dat a availabilit y . 

T hus it requires time-consuming manual int ervent ion for t he 
s t udy of large networks. Distribution system reliabilit y  can be 

divided into two aspects: system adequacy and system security .  

Adequacy describes the normal state capability of the system t o 

supply customer demands. Security describes the ability of t he  

system to continue to supply the customer in spite of fault s  in 
t he network. In this paper, the improvement of the voltage sag is 

analyzed according to the fault locat ion, res is t ance value of 

SFCL, and the length of the loop power dis t ribut ion sy s t em. 

F irs t ,  a res is t or -t y p e SFCL model is  used us ing t he 

M ATLAB/SIMULINK. Next, t he loop  p ower dis t ribut io n 
system is modeled. Finally, when the SFCL is ins t alled in t he 

radial or loop power distribution system with various  lengt hs , 

voltage sags are evaluated according to various fault locat ions . 

T he results of voltage sag analy s is  in t he loop  sy s t em are 

compared with the voltage sags in radial p ower dis t ribut ion 
system. In extension to the work discussed in paper the sy s t em 

can be tested under different Loading conditions and a study on 

p ositioning of super conducting fault  current  limit er can be 

analy z ed. 

Index Terms—Loop power distribution system, superconducting 
fault  current  limit er (SFCL), volt age sag 
 

I. INTRODUCTION 

Superconducting Fault Current Limiter (SFCL) has been 

developed in the world and applied to substation of power 

distribution system in Korea. SFCL can limit the fault 

current in power system using the increased resistance 

caused by quenching characteristics of superconducting  

elements. In addition, SFCL can improve voltage quality  

not only in faulted phase but in non-faulted phase when a 

1 phase to ground fault is occurred. The assessment 

method of voltage sag using the Information of 

Technology Industry Council curve is  presented in 

Reference [1] when SFCL is applied to power distribution 

system. The parallel connection of radial systems via the 

SFCL which can make voltage dips less severe is 

presented in Reference [2]. The improvement of voltage 

sags caused by decreased fault current is presented in 

References [3] and [4]. These studies dealt with the 

voltage sags in the power distribution system with SFCL. 

However, voltage quality such as voltage sag and 

overvoltage in faulted and non-faulted phase has been not 

dealt with. The magnitude of sag, whereas it may worsen 

the duration of sag because of the delayed trip time of a 

protective device by the decreased fault current. These 

effects of SFCL on voltage sags should be evaluated. 

Also, power distribution system will be changed to loop 

system such as micro grid or smart grid. Thus, effects of 

SFCLs should be evaluated and analyzed when SFCLs are 

installed in radial and loop power distribution system 

according to the location and impedance of SFCL, the 

length of feeder, and location of fault. However, the 

overall effects on voltage sag were not dealt with in the 

above mentioned studies. 

In this paper, we assess the impact of SFCL on voltage 

sags in radial and loop power distribution system. In 

Section II, we model a resistor-type SFCL. In Section III, 

the voltage sag occurred by fault current is explained. In 

Section IV, we evaluate the voltage sag magnitude 

according to the fault location and resistance of SFCL in 

radial and loop power distribution system.  

 
Fig. 1 Quenching and recovery characteristics of SFCL 

II RESISTIVE-TYPESFCL 

Many SFCL models have been developed. In this paper, 

we use resistive-type SFCL based on [1], [5]–[10] which 

represents the experimental studies for superconducting 
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elements of SFCL being applied to Korean power 

distribution systems. The impedance of SFCL according 

to time t is given at (1), where Rn and TF represent the 

impedance being saturated at normal temperature and 

time constant, respectively. In addition, t0, t1, and t2 

represent quench-starting time, the first recovery-starting 

time, and the secondary recovery-starting time, 

respectively. 

  (1) 

Fig. 1 represents quenching and recovery characteristics 

of the SFCL shown. When a reclosing scheme is 2 Fast 1 

Delay (2F1D). When a fault is occurs in a power 

distribution system, the resistance of SFCL increases.  
 

TABLE I 
PARAMETERS OFMODELEDSFCL 

 
If a reclose is tripped, SFCL is recovered. The scheme is 

repeated two times more. The used values for parameters 

are shown in Table I. The recovery time of SFCL is set to 

the value less than 0.5 s based on [9], because the 

reclosing time of power distribution system in Korea is 

0.5 s. 

III.VOLTAGE SAGS IN POW ER DISTRIBUTION 

SYSTEM 

When faults occur in power distribution system, the 

automatic recloser or circuit breaker with over-current 

relay (OCR) and reclosing relay will open to clear the 

fault and automatically reclose after a time delay. This 

reclosing behavior can take place several times in an 

effort to establish a continuous service when a temporary 

fault occurs [11]. 

The voltage sag generally happens from fault. In case 1 in 

Fig. 2(a), if a temporary fault occurs between CB and 

recloser, the reclosing operation of the OCR of breaker 

will be successful and the momentary interruption will 

occur. In this case, the customers at feeder 1 (faulted 

feeder) will experience voltage sag and a momentary 

interruption. The customers at feeder 2 (neighbor feeder) 

will experience the voltage sag during the fast-trip time of 

the OCR and this is shown in Fig. 2(b). 

However, if a permanent fault is occurs, the reclosing 

operations will be failed and the reclosing operation will 

be finally locked out. In this case, the customers in feeder 

1 will experience three voltage sags, two momentary 

interruptions and a sustained interruption. The customers 

in feeder 2 will experience two voltage sags during the 

fast-trip time of OCR and one voltage sag during the 

delay-trip time of OCR when reclosing scheme of OCR is 

1F1D; this is shown in Fig. 2(c).during a fault. 

In case 2 in Fig. 2(a), all sequences and phenomena is 

equal to that of case 1 such as the number of voltage sags, 

momentary interruptions, and sustained interruption 

except the fault clearing time of recloser instead of OCR. 

In other words, if a temporary fault is occurs, the 

customers at feeder 2 will experience the voltage sag 

during the fast-trip time of recloser instead of OCR, so on. 

As presented above, the automatic reclosing scheme in 

power distribution systems can produce various voltage 

sags to the customers on the neighbor feeder. Moreover, 

the number of neighbor feeder is about 6 to 10 while the 

number of faulted feeder is only one. Generally, a voltage 

magnitude at bus of secondary-side of main transformer 

(MTr.) during fault can be represented as equation (2) if 

fault impedance is ignored, a type of fault is 3-phase fault, 

and source voltage is 1.0 p.u. 

 (2) 

Where Zsource, ZMTr, and Zline are source impedance, 

transformer impedance, and line impedance from source 

to faulted location, respectively. Equation (2), also, can 

approximately represent the voltage magnitude at 

customers on all neighbor feeders. In this paper, the 

voltage magnitude is focused than sag duration. 
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Fig. 2 Voltage sag in power distribution system d. (a) Power system 
configuration, (b) voltage sags of customers (temporary fault), and (c) 

voltage sags of customers (permanent fault). 

IV ASSESSMENT OF IMPACT OF SFCL ON 

VOLTAGE SAGS 

If SFCL is installed at the starting point of feeder, (2) is 

changed to equation (3) during fault. 

(3) 

The voltage sag is improved more than the case without 

SFCL. To evaluate the improvement of voltage sag, the 

radial and loop power distribution system is modeled and 

the various cases are studied. 

 
Fig. 3. Power distribution system model 

TABLE II 
POWER DISTRIBUTION SYSTEM DATA 

 
TABLE III 

CASES FOR VOLTAGE SAG SIMULATION 

 
A . Power Dis t ribu t ion  Sys tem Model 
Fig.3 represents the power distribution system model with 

SFCL and interconnecting switch to simulate voltage 

sags. Table II shows the data of Fig. 3. 

B. Cas e Stud ies  

Total 10 cases of contingency analysis are studied as 

shown in Table III. Case 1-x is for radial distribution 

system and Case 2-x is for loop distribution system. The 

resistance of SFCL ranges from 0 to 2Ω and the fault 

location is 1 to 6 km. The length of feeder 2 varies 1 to 6 

km at loop distribution system.  

 

V. MATLAB/SIMULINK RESULTS 

Here the simulation is carried out by different cases they 

are 1) Radial distribution system Fault location without 

and with SFCL 2) loop distribution system Fault location 

without and with SFCL 3) radial distribution system Fault 

location without and with SFCL of R and RLC loading 

conditions 4) loop distribution system Fault location 

without and with SFCL of R and RLC loading conditions  

Cas e-1 radial distribution system Fault location  withou t  
and  with  SFCL 
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Fig.4 Matlab/simulink model of radial distribution system Fault at 3 km 

location without SFCL 

 

 

 
Fig.5 Voltage and current wave in radial distribution system Fault at 3 

km location without SFCL 

 
Fig.6 Matlab/simulink model of radial distribution system Fault at 3 km 

location with SFCL 

 

 

 
Fig. 7 Voltage and current wave in radial distribution system fault at 3 

km location with SFCL 

Cas e-2 loop distribution system Fault location without 
and with SFCL 

 
Fig.8 Matlab/simulink model of loop distribution system Fault location 

without SFCL 
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Fig.9 Voltage and current wave in loop distribution system Fault at 3 km 

location without SFCL 
 

 
Fig.10 Matlab/simulink model of loop distribution system Fault location 

with SFCL 

 

 

 

 
Fig. 11 Voltage and current wave in loop distribution system fault at 3 

km location with SFCL 

Cas e-3 radial distribution system Fault location  withou t  

and  with  SFCL of R load  

 
Fig.12 Matlab/simulink model of radial distribution system fault location 

without SFCL of R load 

 

 
Fig.13 Matlab/simulink model of radial distribution system fault location 

with SFCL of R load 

 
 

 

 
Fig. 14 Voltage and current wave in radial distribution system fault at 3 

km location with SFCL of R load 

 
Cas e-4 loop distribution system Fault location without 
SFCL of R and RLC loading conditions 
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Fig.15 Matlab/simulink model of loop distribution system Fault location 

without SFCL of R load 

 
Fig.16 Matlab/simulink model of loop distribution system Fault location 

without SFCL of RLC load 

 

 

 
Fig.17 Voltage and current wave in loop distribution system Fault at 3 

km location without SFCL of R and RLC loading conditions 

 

VI. CONCLUSION 

The main concept of this proposed converter is simulated 

at different loading conditions like R and RLC to check 

the performance of with and without SFCL conditions. 

Interruptions to supply and sags of distribution system 

voltage are the main aspects causing customer complaints. 

There is a need for analysis of supply reliability and 

voltage sag to relate system performance with network 

structure and equipment design parameters . The effect of 

SFCL on voltage sag is analyzed when a SFCL is 

installed to a radial and loop power distribution system. 

Firstly, resistor-type SFCL and radial/loop power 

distribution system are modeled. The simulation results  

found that the voltage sags at loop distribution system is 

more severe than radial distribution system by the 

increased fault current. The resistance of SFCL ranges 

from 0 to 2Ω and the fault location is 1 to 6 km. The 

length of feeder 2 varies 1 to 6 km at loop distribution 

system. Moreover, the results of simulation represent the 

SFCL with bigger resistance is needed to improve the 

voltage sags in loop system. These all results verified 

through Matlab/simulink software. 
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