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Abstract: Power system networks are growing day by day and its attributes are changing rapidly. The continuous increase in the 
interconnection of various power grids to form a central grid and the growing power demand has led to an increase in fault 
current levels. This increase in the fault current has led to a simultaneous increase in the current interrupted by the circuit 
breaker also which makes it to break fault currents which are out of its rated breaking capacity. This paper utilizes a resistive 
model of a superconducting fault current limiter (SFCL) modelled in Simulink environment of MATLAB to mitigate this 
problem. The current limiting effect is achieved by an almost immediate transition of the HTS material from the 
superconducting state to a normal resistive state. A power system network is modelled and fault currents are observed with and 
without the SFCL model. Graphical simulations are also presented to show the effectiveness of the proposed model and the 
percentage reduction in fault current levels is also shown. 
Keywords: Fault current, SFCL, Superconducting fault current limiter, Resistive SFCL, MATLAB Simulink/Simpower system. 

I. INTRODUCTION 
Due to continuous addition of distributed generation, large scale interconnection of power system networks and parallel operation of 
transformers to improve the reliability of the network, the fault current levels in the modern day power system networks is 
increasing. Excessive fault currents cause stresses and lead to high electrical, mechanical and thermal instabilities of electric 
networks. As a consequence, the ever-increasing levels of fault current are gradually exceeding the interruption capabilities of 
existing devices therefore causing the installed circuit breakers to burst while interrupting currents which it is not capable of 
interrupting [1]. Therefore there is an urgent need to limit the fault current levels because of which the installed circuit breakers are 
interrupting currents out of their rated breaking capacity as a consequence of which they are bursting. Until now, many devices such 
as split bus bars, transformers with higher impedance, and fuses have been used in industry to reduce the peak value of fault currents. 
However, the use of these devices has limitations, in that they can damage the reliability of the power system or increase power loss. 
SFCL presents an attractive prospect in limiting the fault current very effectively without additional power losses during normal 
operation and at the same time improving the transient stability of the system. 
When  any  of  the  critical  limits  defining  the  transition between the  superconducting  state  to  the  normal  state, such  as critical  
temperature  (Tc),  critical  current  density (Jc), or critical magnetic field (Hc), is exceeded the superconducting material almost 
instantaneously quenches from the superconducting state to normal state and thus offers a high resistance during fault conditions[2]. 
Additionally the SFCL returns to its superconducting state once the fault is cleared and its application requires no change in the 
existing network topologies. 

II. RESISTIVE SFCL MODEL 
Many models of SFCL have been developed till date resistive type, reactive type, transformer type, and hybrid type SFCLs. In this 
paper we will focus on the resistive model of SFCL developed using MATLAB/Simulink based computer simulation.[3] 
Mathematically, resistance of SFCL is expressed as given in the equations below 
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Where Rm is the maximum resistance of the SFCL in the quenching state, TSC is the time constant of the SFCL during transition 
from the superconducting state to the normal state. Furthermore, t0 is the time to start the quenching. Finally, t1 and t2 are the first 
and second recovery times, respectively. 

 
Fig. 1 SFCL behaviour charateristics 

 
Fig. 2 SFCL model developed in Simulink 

The graphical representation of the four equations is shown in Figure 1. The resistive model of SFCL modelled in MATLAB is 
shown in Figure 2. In the model the RMS value of the current passing through the SFCL is compared with the triggering current of 
the SFCL which is 550 Amperes in the model developed [4]. If the passing current is below the triggering value, the SFCL exhibits 
the lowest resistance state which is typically 0.01 ohms and continues to be in superconducting stage. If the current flowing is above 
the triggering value of current the SFCL quenches from superconducting stage to normal stage after a response time of 2ms and 
exhibits a maximum resistance of 20 ohms. The delay in the response is implemented using a step input block and a transport delay 
block which holds the step input to the system which is virtually the resistance to be offered by the SFCL for a period of 2ms. The 
resistance from the above model is then multiplied with the current flowing in the network to form a voltage which is filtered out 
using a first order filter to reduce harmonics and it is then given to a controlled voltage source to compensate for the voltage sag 
caused during short circuit or faulty conditions. 

Table. 1 SFCL vs. Conventional Solutions  
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Solutions Advantages Disadvantages Relative 
expense 

New Substation Provides opportunity for 
future growth 

Expensive and lengthy to 
install 

Most expensive 
solution 

Bus Splitting Separates sources of fault 
current 

Separates sources of load 
current from load centers 
and undermines system 
reliability 

High, if split bus not 
already installed 

Multiple Circuit 
Breaker Upgrades 

Most direct solution with 
no adverse 

Difficult to schedule 
outages; bus work 
reinforcement also 
required 

High to medium , 
depending on number 
of circuit breakers 

Current Limiting Reactors Easy to install Voltage Drop and power 
losses; potentially cause 
instability. 

Medium to Low 

Sequential Breaker 
Tripping 

No major hardware 
Installation involved 

Expands impact of fault to 
wider range of the system 

Low 

III.  COMPARISON OF SFCL WITH OTHER CONVENTIONAL SOLUTIONS 
Before analysing the effect of installing a SFCL in a network, the relative cost of SFCL with the other methods to reduce fault 
currents in a network were compared. Table I summarizes the conventional solutions and their respective pros, cons and relative 
cost [5]. Table I primarily considers the initial capital installation cost in the comparison. In the cases of multiple circuit breaker 
upgrades, the cost of bus work reinforcement must also be considered, since the level of fault current is not being reduced. 
This comparison reveals that the SFCL is cost competitive with most of the conventional solutions except current limiting reactors 
and sequential breaker tripping. 

IV.  POWER SYSTEM NETWORK SETUP 
There are two power system networks used in this paper to study the effect of SFCL when it is used to limit the fault current [6-7]. 
These power system networks correspond to the present network used by a company in Mumbai, India. The company encountered 
the problem of some circuit breakers either bursting or operating in over duty condition due to increase in fault levels across its 
network due to increasing demand and increase in generators being added to meet the demand. 

      
Fig. 3 Layout of Network-1 Network-2 

Both the networks are first modeled using Mipower and short circuit studies are conducted on both the circuits to obtain the actual 
fault current [8]. Then the networks were modeled in MATLAB Simulink and the SFCL model was inserted along with the modeled 
network and the simulation results were observed. The first network consists of an equivalent generator in place of an infinite bus 
whose parameters are entered using the 3-phase fault level on Bus-1. The three phase fault level on bus-1 is 5182.29MVA. The 



www.ijraset.com                                                                                                                   Volume 5 Issue IV, April 2017 
IC Value: 45.98                                                                                                                    ISSN: 2321-9653 

International Journal for Research in Applied Science & Engineering 
Technology (IJRASET) 

©IJRASET: All Rights are Reserved     
547 

generators are followed by two 75MVA 110KV/22KV Dy11 transformers connected in parallel on Bus-2. These transformers are 
grounded using a reactance having the value of 1.5 ohms/phase. The voltage is again stepped down from 22KV to 11KV using two 
20 MVA Dy11 transformers connected in parallel on Bus-3. There are two infinite buses which are replaced by an equivalent 
generator of 110KV and 220KV respectively and the values are specified using the short circuit MVA respective buses. The short 
circuit level on Bus-1 is 4055.66MVA and on Bus-2 is 13720.047MVA. Bus-1 and Bus 2 are interconnected using a 3 winding 
transformer through the secondary winding of the 3 winding transformer. A 75MVA 110KV/33KV Dyn11 transformer is connected 
between bus 1 and bus 3 which is grounded using a reactor of 1.5 ohms/phase. Bus 2 is connected to Bus 3 using the tertiary 
winding of the 3 winding transformer [9]. The 3 winding transformer is of 250/200/75 MVA, 220KV/110KV/33KV star-star-delta 
trans-former whose tertiary winding is grounded using a zig-zag grounding transformer [10]. Bus 3 and Bus 4 are connected by two 
20MVA 33KV/11KV Dy11 transformers connected in parallel. The secondary of the transformers are solidly grounded. The 
network is shown in figure 3. 

V. SIMULATION RESULTS 
Short circuit studies were conducted on the two networks using SFCL installed above Bus-2. LLL and LG fault conditions were 
created using Simulink and the effectiveness of installing SFCL to limit fault current was observed. Fault analysis on network-1: 
Figure 4(a) and (b) shows the waveform obtained for a LLL fault at bus 2 without and with SFCL respectively. Figure 5(a) and (b) 
shows the waveforms obtained for a LG fault at Bus 2 without and with SFCL installed respectively. Similar faults were created at 
bus-3 also. It can be seen that the introduction of SFCL reflects in the fault current with the fault current decreasing substantially 
during various faults which were simulated. 

      
(a) LLL fault at Bus 2 without SFCL installed-22.144KA           (b) LLL fault at Bus 2 with SFCL installed-4.96KA 

Fig. 4 LLL fault at Bus 2 without SFCL installed-22.144KA and LLL fault at Bus 2 with SFCL installed-4.96KA 

         
(a) LG fault at Bus 2 without SFCL installed-9.771KA      (b)    LG fault at Bus 2 with SFCL installed-4.77KA 

Fig. 5 LG fault at Bus 2 without SFCL installed-9.771KA and LG fault at Bus 2 with SFCL installed-4.77KA 

Fault analysis on network-2: The zig zag grounding transformer used to ground the delta winding of the 3 winding transformer 
blocks positive and negative sequence currents and allows only zero sequence currents to flow through it during unbalanced fault 
conditions. 
Figure 6 (a) and (b) shows the waveforms obtained for a LLL fault on bus-3 without and with SFCL installed respectively. Figure 7 
(a) and (b) shows the waveforms obtained for a LG fault on bus-3 without and with SFCL installed respectively. Similar faults were 
created at bus 4 also.  
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(a)   LLL fault at Bus 3 without SFCL installed-16.627KA     (b)    LLL fault at Bus 3 with SFCL installed-5.47KA 
Fig. 6 LLL fault at Bus 3 without SFCL installed-16.627KA and LLL fault at Bus 3 with SFCL installed-5.47KA 

       
(a) LG fault at Bus 3 without SFCL installed-8.443KA             (b)    LG fault at Bus 3 with SFCL installed-4.94KA 
Fig. 7 LG fault at Bus 3 without SFCL installed-8.443KA and LG fault at Bus 3 with SFCL installed-4.94KA 

The results which are summarized in Table-II and Table-III shows the dominant effect of SFCL when it is introduced in the network 
to reduce the fault current. The fault currents get reduced by a substantial margin thus allowing the circuit breakers to operate well 
within their duty.  

VI.  CONCLUSION 
This paper conducted short circuit studies on two of the practical network topologies used by a Generation and Trans-mission 
Company in Mumbai, India and the effect on fault current after installing an SFCL on such a network was observed. The 
Superconducting Fault Current Limiter is a promising device to limit the escalating fault levels caused by the expansion of power 
grid and integration of renewables. It was shown from the results that the resistive SFCL is very effective in reducing the level of 
short circuit current quasi instantaneously. Therefore the reliability and stability of power system can be improved by the application 
of SFCL. 
However, the optimal location of SFCL in a large scale power system is a matter of further research. The protection co-ordination 
problem of the SFCL with other protective devices installed is another one of the remaining questions which needs to be answered 
in future. In other words, existing protective devices such as a recloser, may not be operated correctly when the fault current level is 
very low by the damping that the SFCL can provide. 
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