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Abstract: Power quality is an important issue in novel power system studies. Many types of fault
current limiters are proposed for power quality improvement until now. In this paper a resonant type
Fault Current Limiter (FCL) is proposed for power quality improvement in distribution level. The
proposed FCL has no effect in normal operation of system. When fault occurs, the proposed FCL
limits the fault current and therefore prevent voltage sags in sensitive load feeder. By we carried out
analysis of the voltage and current waveforms for fault conditions. Analytical analysis and designing
procedure are presented. The proposed method has been tested by simulation results using EMTDC
software. Results show that the proposed FCL successfully limits the fault current an improve power
quality.
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INTRODUCTION

Power quality is an important issue in novel power system studies. Maximum short circuit current of
modern power systems is becoming so large that the current should be reduced to make more efficient use of
power system transmission capability (Nagata et al, 2001). At the time of a fault, huge currents are induced.
They can reach 20–30 times the rated current, and electrodynamics stresses on the components can be 400–900
times higher than those existing during normal operation. Because of these high constraints, electrical apparatus
must be over-designed, which lead to higher costs. The fault current is only limited by the short-circuit
impedance at the node of the fault for a clear fault. At high voltages, the fault current is not reduced in
amplitude, only cut by switchgear when the alternative fault current naturally crosses zero (Tixador et al,
2002). Electrical systems are always designed to interrupt available fault current using protective devices which
are rated for the maximum available fault current. Fault current limiting devices reduce fault current and allow
the use of lower rated protective devices. Their primary benefit is in saving the cost of removing lower rated
and installing higher rated equipment in existing installations where electrical system improvements (such as
the upgrade of substation transformers) have increased fault current above the original equipment ratings.

Fault Current Limiter (FCL) is a promising solution of this problem and it can be categorized into two
types: constant impedance type FCL and current limiting type FCL. Current limiting type FCL such as rectifier
type super-conducting FCL (RSFCL) has variable equivalent impedance depending on the limit of the current
through FCL and power system impedances (Nagata et al, 2001). Using a FCL, the short-circuit power can
increase indefinitely to secure the network and to improve the voltage quality. These are two nowadays real
demands and needs. FCLs bring technical and economic advantages but their own cost must be obviously not
too high (Ahmed et al, 2002), (Chen et al, 2004), (Lee et al, 2003), (Tsutomu et al, 2001).

Many types of fault current limiters are proposed until now. In this paper a resonant type of fault current
limiter are presented. In normal operation condition the limiter has no obvious effect on loads and the resonant
branches are short circuit. When fault happens, thyristors triggered and a bypass resistor will insert to limit
the short circuit current, when the control circuit detects a short circuit fault, the solid state valve in FCL
works and is opened as soon as possible. Subsequently the fault current is fully limited by the impedance of
fault current limiter. The magnitude of FCL resistance must be designed. In the other hand the fault current
should be equal or less than line current in normal operation. In this case the fault has not any effect on PCC
voltage. If the FCL resistance equal with zero the FCL change to two series infinite resistance and we have
not any line current at fault duration. In general this type of FCL is useful for power quality improvement
when fault is occurred in distribution systems.
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Proposed Topology for Resonant Type FCL:
Proposed topology of fault current limiter is shown in Fig. 1.

Fig. 1: Circuit diagram of resonant type FCL.

This circuit consists of two resonant branches (L1-C1 and L2-C2), two thyristors, T1 and T2 and a
resistance, R. During normal operation of circuit, the thyristors is off and the resonant branches are short
circuit (C1 and L1, C2 and L2). The relationship between (C1, C2) and (L1, L2) are shown in eqs. (1), (2) as
follow:

   (1)1
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Therefore there is not any voltage drop on FCL. In this way, in normal system operation case, the FCL
will not have almost any effect on load operation. After a short time of fault occurring, when line current
reaches to desire value for control circuit, the control circuit will trigger the thyristors T1 and T2 in positive
and negative alternance respectively. Therefore the resistance of FCL conducts fault current and limits it. 

Fig. 2: Circuit diagram of resonant type FCL when fault occur without using resistance.

So, in this case FCL have equivalent impedance that it can limit the fault current. The magnitude of
equivalent impedance and also the magnitude of fault current depend on the resistance magnitude and trigger
phase angle of thyristors. Without using resistance when thyristors triggered the equivalent impedance will be
infinite. Fig. 2 shows the FCL mode in fault time without using resistance.
Eqs. (3), (4) show the FCL equivalent impedance
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Power System Analysis and Simulation Result of Proposed FCL:
In order to study the performance of proposed FCL, a test system is selected as shown in Fig. 3. The

system consists of two distribution feeders with a point of common coupling (PCC). The feeder F1 is a long
line, which is prone to system fault whereas the feeder F2 is a short line supplying a sensitive load. The
proposed FCL is placed on feeder F1 for limiting of fault current and maintaining the voltage of PCC on
desired value during fault condition.

Fig. 3: Simplified diagram of the study system.

In this section analytical analysis of the study system in Fig. 3 to show power system situations in fault
condition and FCL operation for sensitive load protection is given. For a fault at the distribution level, for
example on F1, FCL activation on the faulted feeder introduces large limiting impedance between the fault and
PCC. The introduced impedance has the effect of isolating the fault from the PCC; hence sensitive loads
supplied through the parallel feeder F2 will not feel any significant disturbance due to the fault. The utility
voltage is a sinusoidal waveform with angular frequency w, peak value V.

Classification of Voltage Sags:
First of all it is necessary to determine the Point of Common Coupling (PCC) and its short circuit

reactance. The PCC is the place where the paths from the source to sensitive load and from source to short
circuit divide. In other words, it is the place where the load current branches off the short-circuit current
(Ahmed et al, 2002). ZS is the source impedance at the PCC. The impedance between PCC and sensitive load
define with Z2, also the impedance between PCC and load1 define with Z1. It is also necessary to calculate
the reactance between the PCC and the fault location. Zf defined line impedance between the PCC and fault
including any fault impedance, if the fault impedance is neglected or included in Zf. in normal operation the
resulting voltage and phase angle can be expressed by 

ZN=Z15Z2   (5)
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where
Z1= R1+jX1 (Load 1 and F1 impedance), Z2= R2+jX2 (sensitive load and F2 impedance),           : Voltage( )PCC NV

phasor at PCC at normal operation, VPCC(N): Voltage magnitude at PCC at normal operation, φPCC(N): Phase angle
of voltage at PCC at normal operation.
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When fault occurs the resulting voltage and phase angle can be expressed by

ZF=Z25Zf   (9)
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where
Z2= R2+jX2 (sensitive load and feeder F2 impedance), Zf= Rf+jXf  (line impedance between the PCC and

fault including any fault impedance in  feeder  F1),           : Voltage phasor at PCC at normal operation,( )PCC FV

VPCC(F): Voltage magnitude at PCC when fault occur and φPCC(F): Phase angle of voltage at PCC when fault
occur.

As can be seen from Eq. (12) when fault occur in feeder F2 the changing XN/RN ratio and (XN+XS)/(RN+RS)
ratio between causes a phase angle jump at the PCC. This can be referred as the initial phase angle jump. Also
fault occurrence causes vital change in ZN and in result voltage magnitude. In this paper, SFCLs will be added
to the power systems to evaluate their effectiveness in reducing the initial phase angle jumps and voltage sag.
The SFCL can be used to increase the impedance of the fault by introducing impedance. As the same way
it does as a fault current limiter. Then when the SFCL is limiting fault current, therefore it is improve the
quality of the supply by mitigating sag.

Time Sequence of Simulation:
A series of simulations were conducted to analyze the performance of the SFCL. The short-circuit fault

was supposed to occur on the distribution feeder F1 between PCC and load1 as shown in Fig. 3. The
Simulation was carried out based on the time sequence as shown in Fig. 4.

Fig. 4: Time sequence of simulation.

Thyristors T1 and T2 triggered achieved when fault current reach to 2.5 (pu) after fault occurrence and
the clearance of the fault was supposed to be achieved at about 0.5 (sec) after the occurrence of the fault. Fig.
4 shows the time sequence of simulation. 

Fault is occurring in feeder F1 where feeder F2 is supplying a sensitive load. In this paper, the FCL is
placed at the substation end of the distribution feeders (F1) as shown in Fig. 3. At these sites, the FCL
activation on the faulted feeder will help to keep the bus voltage level at acceptable value. The load is
assumed to be a balance R-L load with rL and LL as its resistor and inductor, respectively. 
Power equipment data are as follow:
Generator: 20 kV, 10 MVA, 1.608  
Distribution feeder data:
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Resistance = 0.220  /km 
Reactance = 0.444  /km 
Length of F1 = 10 km 
Length of F2 = 2 km
Length of Line1 = 10 km
L1 = 0.1 H 
L2 = 0.1 H 
C1 = 101.3 uF 
C2 = 101.3 uF 
Resistance of FCL R = 25  
Load data in feeder F1:
Resistance = 20  
Inductance = 0.1 H

Fig. 5 shows the behavior of the distribution bus (PCC) without the SFCL present. It shows that PCC
voltage of the unlimited system is significantly reduced during the fault and phase angle is jumping and Fig.
6 shows the fault current during the fault Fig. 7 and Fig 8 shows the distribution bus (PCC) voltage and fault
current respectively without the FCL and with uses of circuit breaker. It shows that circuit breaker operate after
3.5 cycle of fault occurrence and with its operation PCC voltage is a little increased when line1 retreat from
test system by circuit breaker operation. These figures are result in simulation analysis. However, when the
FCL is placed into the system, the bus voltage (PCC) is kept practically undisturbed and no dramatic voltage
sag is visible. Also the change in phase angle is eliminated. Fig. 9 and Fig. 10 show distribution bus (PCC)
voltage and fault current with using FCL. It shows that PCC voltage and phase angle of the limited system
is kept at acceptable value during the fault and just PCC voltage have little distortion in first cycle after fault
occurrence.

Fig. 5: PCC voltage without using any protection when fault.

Fig. 6: Line current without using any protection when fault.

Fig. 11 shows the current of the FCL when fault occurred. This figure shows that before fault occurrence
there is not any current and voltage on FCL resistance and after fault voltage and current on this impedance
is approximately equal with load1. On the other hand this impedance replaced with lode1. When thyristors T1
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Fig. 7: PCC voltage with using circuit breaker when fault occurred.

Fig. 8: Line current with using circuit breaker when fault.

Fig. 9: PCC voltage with using resonant type FCL when fault occurred.

Fig. 10: Line current with using resonant type FCL when fault occurred.

and T2 turned on the fault current conducts from FCL resistance. Fig. 12 shows the current of the FCL when
fault cleared. It shows that after fault clearance the resistance there is not any conducting and therefore there
is  not  any  voltage drop. Also Fig. 13 shows the fault current when fault is cleared from power system. It
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Fig. 11: FCL resistance current with when fault occurred.

Fig. 12: FCL resistance current with when fault retreat.

Fig. 13: Line current with using resonant type FCL when fault retreat.

shows that after fault clearance and when the sensing current reaches lower than 0.7 (pu) thyristors firing will
be off and FCL impedance retreat from power system. Therefore we have the normal load current in feeder
F1. Also Fig. 14 shows the PCC voltage when fault cleared from power system and we can clearly see that
there is not any disturbance in PCC voltage. Figs. 15 and 16 show the effect of FCL resistance amplitude on
fault current and therefore on PCC voltage in Fig. 15 a relatively high resistance (R=50 ) used and the fault
current is less limited.

But in Fig. 16 low resistance (R=0.1 ) used and fault current limited completely and there is not any fault
current. Without using any resistance when thyristors valve conduct points A and B are short circuit and we
have approximately infinite impedance.

Conclusion:
In this paper a resonant type fault current limiter with using bypass resistance for power quality

improvement presented. The proposed FCL is capable of mitigating voltage dips and the associated phase angle
jump to acceptable levels for the distribution system considered in this work. However, in order to achieve
good voltage dip mitigation (5% to 10% dips), fault currents would need to be reduced to about 2 pu.
Subsequently the fault current is fully limited by the presented FCL. 
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Fig. 14: PCC voltage with using resonant type FCL when fault retreat.

Fig. 15: Line current with using resonant type FCL at fault duration with high FCL resistance (R=50 ohm).

Fig. 16: Line current with using resonant type FCL at fault duration with low FCL resistance (R=.1 ohm).
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