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Abstract 

 
The objective of this paper is to determine the impact of the Hybrid superconducting fault 
current limiter (HSFCL) on transmission lines distance protection for line to ground and line 
to line fault. The MATLAB software is being used to simulate transmission system with 
distance relay protection along with Hybrid superconducting fault current limiter (HSFCL). 
The parameters included in the simulation studies are fault type and fault location. Mostly in 
context of line to ground and line to line faults, this paper explores the impact of HSFCL on 
measured impedance at the relaying point. Its installation position, in addition to the degree of 
constraint, has an impact on the measured impedance. In all situations, the collected research 
suggests that HSFCL has a negative impact on distance relay performance. The influence of 
both configurations of Hybrid superconducting fault current limiter (HSFCL) i.e. Resistive and 
Inductive over distance relay protection for line to ground and line to line faults are to be 
analyzed and compared. 

 
Keywords: Transmission Line, Distance Protection, Apparent impedance, Fault current 
limiter, Impedance trajectories. 
 
1. Introduction 

 
The constant increase in electrical energy demand causes an increase in short circuit currents 
in power networks. This is due to the addition of more generators to the power system, the use 
of larger cross-section conductors, and the use of double or multi-circuit lines. When short 
circuit currents increase, higher capacity circuit breakers are required, and the imposed stress 
on the equipment increases. Several solutions to this problem are presented, including the use 
of Fault Current Limiters (FCL) to reduce the rated capacity of the circuit breakers and to limit 
the imposed electrodynamics stress in associated equipment. 
In contrast to power system parameters, the imposed impedance due to the presence of FCL 
may affect the measured impedance even if the fault resistance is zero. In the presence of FCL, 
conventional distance characteristics are greatly prone to mis-operation in the form of both 
over-reaching and under-reaching the fault point. As a result, in the presence of FCL, the 
conventional characteristics may be ineffective. The authors in [1] provides a filter control 
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technique to reduce harmonics and a rectification approach for the overcurrent relay using 
voltage components in order to use SFCL and the concept of DG in a power distribution system. 
The effects of SFCL installation on DG enlargement in a power system are investigated while 
keeping the original relay coordination. One of the key solutions regarding interconnected 
power system and protection is to employ a hybrid type superconducting fault current limiter 
[2]. 
 The researchers in [3] offers a novel design for a Hybrid Superconducting Fault Current 
Limiter (Hybrid SFCL), which would be essentially made up of thyristors that are in series 
with just a superconducting element. The PSCAD/EMTDC programme was used to simulate 
the Hybrid SFCL throughout this research. The study revealed that the fault current is 
substantially reduced, and the proposed controller strategy performs very effectively. 
The researchers in [4] provide a unique hybrid SFCL with biased magnetic field and 2-stage 
current limiting characteristics. The short current is limited in this type of SFCL by such a 
noninductive superconducting coil during the first stage and a dual-split reactor as in second 
stage. The experimental results showed that such current limiting ratio reaches 89.66%, 
validating the concept and demonstrating the hybrid SFCL's potential use. 
It is suggested in the study [5] to create a power differential-based protection mechanism for 
appropriate detection and identification of transmission line faults underneath SFCL action. 
Based on normal load levels, a power differential protection strategy is constructed, and trip 
characteristics are determined. Simulation experiments on a 220 kV transmission line confirm 
the efficacy of the power differential technique. Three-phase as well as single line-to-ground 
faults are examined. In addition, the proposed system was tested for a wide variety of SFCL 
resistances ranging from 10 to 500Ω. The proposed differential protection mechanism detected 
faults in all test conditions. 
The research [6] proposes a novel remedy for the issue of relaying maloperation that does not 
necessitate any changes to the relay settings. Furthermore, the results suggest that FCL can be 
employed as a series compensator to increase power transfer with in transmission system while 
it is operating normally. This avoids the need to adjust the compensated line's relay settings. 
As a result, the dual function of improved power transfer and reduced fault current is 
accomplished. 
In the study [7], investigation is done about how SFCLs impact the effectiveness of travelling 
wave-based protection methods in high-voltage transmission lines. The results demonstrate 
that the SFCL attenuates the magnitudes of the travelling wave currents and that the pattern of 
the travelling wave is somewhat altered by the SFCL stray capacitances. 
Because to the rapidly developing of the distribution network, these have short lines and many 
nodes. The standard three-stage current protection technique is difficult to implement and has 
a long fault elimination time. To address the aforementioned issues, this study [8] discusses the 
basic design and operation characteristics of superconducting fault current limiter, as well as a 
new current protection strategy based on it. 
The authors in [9] investigate the effects of resistive-type SFCLs on transmission system 
incremental power frequency relay. The SIMULINK MATLAB programme was used to create 
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and simulate a model of a 220 kV transmission line also with incremental power frequency 
relay element. Three compensatory techniques for mitigating the detrimental consequences of 
SFCL integration are developed and compared.  
The literature review was studied and analyzed. In the survey, the influences of FCL on 
transmission line protection for various schemes are to be discussed. As per the previous study, 
the protection of transmission line gets affected at the time of current to be limited by fault 
current limiter. The literature survey shows the different types of fault current limiters and their 
effects on operation of relay for protection of transmission line. But in all these previous work, 
effect of fault current limiters on distance relay protection of transmission line is not discussed. 
In this paper the effects of Hybrid Superconducting fault current limiters on distance relay is 
to be analyzed. The inclusion of FCL in a fault loop will impact the voltage and current signals 
perceived from the relay point in both steady and fault states. As a result, the apparent 
impedance observed by that of the distance relay will be influenced. The effect of Hybrid 
superconducting fault current limiter on impedance computed by distance relay is explored in 
this work. This effect is studied using the MATLAB software for line to line fault. 
The paper is organized as follows: the operation principle and of HSFCL is presented in the 
next section. The theoretical model of HSFCL is discussed in section 2.2. Section 2.3 provides 
the simulation studies which are performed in MATLAB software. The results obtained and 
discussions for Distance relay performance for line to ground and line to line faults for both 
configurations of HSFCLs are explored in section 3. Finally, the conclusions remarks are given 
in Section 4. 
 
2. Methodology 
2.1 Operating Principle of Hybrid Superconducting Fault Current Limiter (HSFCL) 
The terminology Hybrid Superconducting Fault Current Limiter (HSFCL) refers to the method 
of establishing the limitation function by combining the HTS element with a fast mechanical 
switch, circuit breaker (CB), as well as power semiconductor switch. The schematic diagram 
of Hybrid Superconducting Fault Current Limiter (HSFCL) is shown in figure 1.  
 

 
Figure 1. Schematic diagram of Hybrid SFCL Concept [10] 

 



Journal of Northeastern University 
Volume 26 Issue 03, 2023 

Copyright © 2023. Journal of Northeastern University. Licensed under the Creative Commons Attribution Non-
commercial No Derivatives (by-nc-nd). Available at https://dbdxxb.cn/ 

229 

                                                                                 

                                                                 
 

 
The hybrid SFCL is a technology for limiting fault current within electrical power systems. 
The most significant advancement seems to be that the superconductor no longer serves as a 
demarcation for short circuit current, but instead as a sensor for short circuit current and a 
switch enabling short circuit current to transition toward a Current Limiting Reactor (CLR). 
Fast switch, current delimiter (current limiting portion), as well as high temperature 
superconductor (HTS) are the three primary components of hybrid SFCL. That hybrid SFCL's 
structure combines a fast switch alongside two mechanical switches, a vacuum interrupter (VI), 
and just a short bar (SB), as well as a driving coil and also an electromagnetic plate (EM) [11]. 
The fast switch is just a plunger with a switched on either end which commutates the line 
current when in operation. The driving coil pulls mostly on repulsion plate, causing the plunger 
to interact and activate the limiting reactor. It's worth noting that such CLP branch (RCLP or 
XCLP) can indeed be implemented with either a resistive or inductive element. Both types are 
analyzed in this research using analytical and simulation tests. 
 
2.2 Theoretical Model of Hybrid Superconducting Fault Current Limiter (HSFCL) 
The model of HSFCL is explicitly non - linear in nature, related to the working concept of 
HSFCL. The basic structure for HSFCL is represented in the figure 2. Nonlinear resistance 
must be employed to represent the behavior of the HTS element. However after quenching, 
overall resistance of such a superconductor exhibits a nonlinear fluctuation. In different 
patterns, equation (1) represents a time - dependent concept of the HTS component. Rn and TF 
denote the resistance with in quench phase as well as the time constant of such HTS element, 
respectively. Its quench inception time is indeed known as t0. 
 

 
Figure 2. HSFCL concept: the structure of HSFCL 

 
The theoretical expression of the HTS element is required to obtain the HSFCL impedance 
characteristic in different operating modes. The obtained results reveal that the resistance of 
the HTS element is time-dependent, as shown in equation (1) [12]. 

RHTS(t)= 
≈ 0 t<t0

Rn[1- exp (-(t-t0) TF  )⁄ ]1 2⁄ t≥t0
                                                                                  (1) 

 
where t0 is starting time of quench, the coefficients Rn (convergence resistance), TF(time 
constant). 
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The introduced impedance using HSFCL in various modes can be expressed in terms using the 
preceding equation and indeed the HSFCL operational principle: 

ZHSFCL=

≈ 0    t<t0
RHTS(t)×ZCLP

ZCLP+ ZHTS (t)
       t0≤t<t1

ZCLP    t ≥t1

                                                                                                 (2) 

t1 is first period of recovery modes, ZCLP is impedance of current limiting part and ZHTS is 
impedance of HTS element. 
Indeed, throughout this scenario, its CLP branch plays an important role in reducing fault 
current, while the HTS element serves as a fault detection sensor for such HSFCL. Equation 
(2) can so be modified as follows: 
 

ZHSFCL=
           ≈ 0                         t <t1                                  

ZCLP (RCLP or XCLP ) t ≥t1
                                              (

3) 
 
2.3 Simulation Studies 
The power system depicted in Figure 3 is utilized in simulation studies to explore the effects 
of HSFCL on apparent impedance seen with the distance relay. The HSFCL and case study are 
modeled using MATLAB software. The apparent impedance is calculated by the relay's 
measurement units. 
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Figure 3. Case Study [13] 

 
3 Result and Discussions 
 3.1 Waveforms for current and voltage at fault location  
Figure 4 and 5 depicts the line current in various conditions due to an under symmetrical fault 
now at beginning with line 1. According to Figure 5(b) and 5(c), RHSFCL reduces the very 
first cycle for fault current most effectively than IHSFCL and is capable of rapidly damping 
the DC component of fault current. The line current during symmetrical fault is found to be 4 
kA at main bus without fault current limiter. While by using RHSFCL, the corresponding 
current reduces to 2 kA. The effect of IHSFCL over short circuit current is that it can be reduced 
to 2.1 kA as shown in figure. Also it can be shown that installing RHSFCL and IHSFCL 
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modifies the phase of such fault current. Whenever the phase difference among curves is 
considered, it is discovered that the influence of RHSFCL here on phase relationship is greater 
than either IHSFCL.   

 
 

Figure 4-a. Current at fault location 

 

Figure 4-b. Voltage at fault location  

Figure 4. Waveforms for current and voltage at fault location 

As a result, in this scenario, the influence with RHSFCL on distance relay is correlated mostly 
to the phase and amplitude of such fault current, while the phase in IHSFCL only has a minimal 
impact on distance relay. 
 

 

 

Figure 5-a. Current at main Bus without HSFCL 
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Figure 5-b. Current at main Bus with RHSFCL 

 

Figure 5-c. Current at main Bus with IHSFCL 
Figure 5. Waveforms for current and voltage at main bus 

 

3.2. Distance Relay Performance for Line to ground and Line to line fault 
In this section, it must be assumed that the line to ground LG fault happens approximately 60% 
of line 1 and as such the PT position is at Pt1 as shown in figure 3. With instantaneous 
protection, the mho characteristic is configured to protect approximately to 80% of the line 
length. The impedance trajectories of instances are shown in figure 6 without HSFCL, with 
RHSFCL, and often with IHSFCL. 
It is possible to demonstrate that the implementation of RHSFCL or IHSFCL modifies the 
apparent impedance by analyzing the impedance trajectories depicted in figure 6. 

In this context, the overall measured impedance increased in the existence of RHSFCL 
and IHSFCL; however the relay currently operates efficiently. Whenever an A–G fault arises 
at 78 and 77 percent of line 1 or greater distance for RHSFCL and IHSFCL, accordingly, the 
impedance trajectories are entirely outside from mho characteristic, and also the relay is unable 
to detect the fault. Because the zone 1 reach limit is set to 80 percent of the line length, overall 
significance of these occurrences is moderate. 
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Figure 6. Impedance trajectories with mho characteristics for LG fault 

Both types of HSFCL influence apparent resistance and reactance, however the major effect of 
RHSFCL is dependent on apparent resistance, whereas the main effect of IHSFCL is dependent 
on apparent reactance. 
 

 
Figure 7. Impedance trajectories for L-L fault 
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Figure 8. Impedance trajectories with mho characteristics for LL fault 

The waveforms also obtained for LL fault by taking the same specification as mentioned for 
LG fault case. Figure 7 and 8 shows the impedance trajectories for LL fault and Impedance 
trajectories with mho characteristics   respectively. In the mere existence of RHSFCL and 
IHSFCL, instantaneous protection cannot recognize an L-L fault. 
  
4. Conclusions 
The working principles and structures of the Hybrid superconducting fault current limiter 
(HSFCL) have been elaborated in detail in this paper. In the next part, the effect of HSFCL 
over distance relay effectiveness was investigated for single line to ground fault using both 
modes of HSFCL i.e. RHSFCL and IHSFCL. Across all circumstances, the results showed that 
these SFCLs had a detrimental influence mostly on apparent impedance seen with distance 
relay. In comparison, the implementation of HSFCL results in significantly underreaching for 
the single line to ground fault. For line to line fault also the undereaching effect was observed. 
Comparing measured impedances by distance relay in different cases for PT placed before 
HSFCL revealed that under-reaching for line-to-line fault is greater than single line to ground 
one. 
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