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Abstract: 

In this project Comparative analysis of FCL and dynamic 

voltage restorer for fault current limitation is presented. 

Potential fault current levels in power grids is approaching, and 

may eventually exceed, the short-circuit current limits of 

existing protection devices. Alternative to expensive system 

upgrades of protection devices, Fault Current Limiters (FCL’s) 

provide more cost-effective solutions to prevent old protection 

devices and other equipment on the system from being damaged 

by excessive fault currents. Short circuit fault is detected by 

sensing the load current and its rate of change. The voltage 

fluctuation is detected by measured change in voltage. In order 

to protect the grid from blackout and the sensitive equipment 

from damages, FCLDVR serves in efficient way. The life and 

quality of the equipment is improved. Combined operation of 

FCL-DVR is performed by a bidirectional thyristor switches in 

the output terminal. Switches are activated under fault condition 

and deactivated under normal condition. The model of a three 

phase grid system with different fault condition is simulated 

using MATLAB SIMULINK software. A new multilevel 

cascaded-type dynamic voltage restorer (MCDVR) is introduced 

to reduce the ratio of the transformer. The MCDVR provides 

similar cascade inverter performance benefits, such as the lower 

power rating and cost of the power devices used. The FCL and 

DVR comparative analysis is simulated by using MATLAB / 

SIMULINK software. 

 

Key words: Dynamic voltage restorer (DVR), multilevel 

inverters, fault current limiter, voltage restoration. 

 

I. INTRODUCTION 

 

Modern power systems are complex networks 

consists of generating stations and load centers 

interconnected through long power transmission and 

distribution networks. The main concern of consumers is 

quality and reliability of power supplies at various load 

centers [1]. Even the power generation in most well-

developed countries is reliable, but the quality of the 

supply is not consistent. Power distribution systems must 

provide their customers with an uninterrupted flow of 

energy with smooth sinusoidal voltage. However, in 

reality, power systems, especially in the distribution 

systems, we have numerous nonlinear loads, which 

significantly affects the quality of power [2]-[5]. The 

purity of the waveform is lost due to the integration of 

these nonlinear loads into the system [6].  

 

This ends up producing many power quality 

issues. Apart from the nonlinear loads, some usual (e.g. 

capacitor switching, motor starling) and unusual (e.g. 

faults) events could also impose power quality problems. 

The consequences of power quality problems could range 

from a simple nuisance flicker to production shutdown 

[7].  

Voltage sag is defined as a rapid decrease in 

supply voltage down 90% to 10% of nominal, after a 

short recovery time A typical duration of sag is, 10 ms to 

1 minute according to the standard [8]. Voltage swell, in 

contrast, is defined as a sudden increase in supply voltage 

up 110% to 180% of RMS voltage at the network 

fundamental frequency within the duration from 10 ms to 

1 minute. Turning off a large inductive load or energizing 

a bulk capacitor bank is a typical system event that creates 

swells. To recompense the voltage sag/swell in a power 

distribution system, suitable devices need to be connected 

at appropriate locations [9]. These devices are installed at 

the point of common coupling [PCC] which is described 

as the point where the ownership of the network changes. 

The DVR is one of the custom power devices which can 

improve power quality, especially, voltage sags and 

voltage swells. Nowadays fault current levels are 

increased and these fault levels may exceed the current 

rating of system equipment [10]. In this circumstance, the 

recognition of a fault current limiter (FCL) is going to be 

expected strongly [11]. FCL arrangements not only are 

used for effective control of fault current in power system 

but also are applied to a variety of applications such as 

power quality and transient stability improvement. 

However, these structures have two main problems. 

Firstly, because of high technology and costs 

(construction and maintenance costs) of superconductors, 

these are not commercially available [12]. Secondly, by 

using these structures, the peak of current is not constant 

during the fault and has increased in variation. So, for the 

faults that exceed for a long time, it may be harmful to 

utility equipment, even considering high-speed breakers. 

Besides, by the increase of fault current, selection of the 

power rating of breakers will be a great problem [13]. In 

this paper, a new topology of series resonance type FCL 

is introduced. Using non-superconducting inductor in this 
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topology tends to low construction and maintenance costs. 

By the proposed FCL, fault current's peak will be 

constant[14]. Also, the capacitor of this structure can be 

used as a series compensator in conventional operation; 

this is not possible in previously introduced series 

resonance type FCLs because in those structures inductor 

and capacitor are in resonance condition under normal 

operation of power system [15].  

A new concept of fault current limiting dynamic 

voltage restorer (FCL-DVR) is proposed in this paper. 

This topology can operate in two operational modes, 

compensation mode for voltage fluctuation and the fault 

current limiting mode. It should be noted that only one 

additional bidirectional thyristor switch is connected 

across the output terminals of each phase of the 

conventional DVR, greatly simplifies its implementation. 

Furthermore, the new FCL-DVR can maintain the same 

power rating as the conventional DVR without FCL 

function. 

 

II. MCDVR TOPOLOGY 

 

The MCDVR system based on multilevel 

inverters is shown in Fig.1. It consists of a series-

connected transformer T1, an energy-storage capacitor 

Cdc, a seven-level cascade inverter, and a filter. The 

transformer T1 not only reduces the voltage requirement of 

the inverters, but also provides isolation between the 

inverter and the utility grid. There are also anti-parallel 

thyristors K, which are the main difference between the 

MCDVR and traditional DVRs [19]. In most practical 

inverters, there is also a bypass switch connected in 

parallel with the injection transformer [18]. Importantly, 

the energy-storage capacitor (CDC) provides the required 

power to compensate for any voltage sag or fluctuation in 

the utility grid. Although low-order harmonics are 

eliminated by the cascaded H-bridge, a large number of 

high-order harmonics are still presently close to the 

equivalent switching frequency [18], [20]. As a result, an 

LC filter comprised of Lf and Cf is used as the filter for the 

cascaded multilevel DVR, as well as an impedance to 

limit the fault current. Thus, the LC filter can achieve two 

different functions, and this will help promote the full 

utilization of the equipment. 

 
Fig.1. Schematic diagram of the proposed MCDVR. 

A. Function of the MCDVR 

 

Under normal operating conditions, the anti-

parallel thyristors are not fired. Thus, the proposed 

MCDVR is effectively seen as only being comprised of 

the H-bridge cascade DVR. This multilevel converter not 

only realizes the higher power and voltage ratings using 

smaller rating switches, but also reduces the overall 

harmonic content. In addition, it contributes to a smaller 

in the output and, thus, reduces unwanted electromagnetic 

interference (EMI) [21]. 

On the other hand, when a short-circuit fault 

occurs along the distribution line, the load current 

increases sharply. The thyristors are then activated to 

insert the filter into the main current path through the 

series transformer. The filter, the series transformer, and 

the anti-parallel thyristors together form variable 

impedance that operates as the current-limiting module. 

The fault current is limited to the desired value, and the 

components of the VSI and other equipment in the system 

can be protected. Since the voltage across the series 

transformer is not the same in different modes, the 

mathematical model of the MCDVR is 

  (1) 

Where Udc is the dc-link voltage, k is the turns-

ratio of the series transformer, and α is the modulation 

depth. Importantly, sgn (x) is the return function, and x is 

any valid value. For example, if the system is in the 

voltage regulation mode, x = 1 and sgn (x) = 1. Thus, (1) 

can be rewritten as 

 (2) 

Instead, if the system is in the current-limiting 

mode, x = 0 and sgn (x) = 0. Then, (1) can be rewritten as 
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       (3) 

B. Current Limiting by the MCDVR 

The single-phase equivalent circuit of the 

MCDVR in current-limiting mode is shown in Fig.2. 

When a short-circuit fault occurs, the insulated-gate 

biploar transistors (IGBTs) of the faulted phase in the 

voltage-source inverter (VSI) are turned off, and the 

cascade inverter is shut down. Then, the thyristors are 

activated. Thus, the filter is inserted into the main current 

path through the series transformer T1, as shown in Fig.2 

(a).  

 

 
Fig.2. MCDVR in the current-limiting condition: (a) Schematic diagram. 

(b) Single-phase equivalent circuit. 

The short-circuit current during the fault is then 

(4) 

Where Zlim is the limiting impedance. As Zlim≫Zs 

+ Zli, the Ifault is mainly determined by the magnitude of 

Zlim. Consequently, it can be limited to the desired value 

to protect the equipment in the system. Zlim is determined 

by L𝜎1, L𝜎2, R1, R2, Lm, Cf, and L𝜎1and R1 are the leakage 

reactance and resistance of the primary side, respectively. 

L𝜎2and R2 are the leakage reactance and resistance of the 

secondary side, respectively. Zm is the excitation 

impedance of the transformer. 

Referring to Fig.2 (b), Cf is usually a small value 

and, |
1

𝑗𝜔𝐶𝑓
| hence, is typically a large value. Furthermore, 

the influences of L𝜎1, L𝜎2, R1, R2can be ignored. It can 

then be concluded that the limiting impedance is 

    (5) 

Where Leq is the equivalent impedance and therefore 

 
   (6) 

Where 𝛿is the trigger delay angle of the 

thyristors. In reality, |𝑍𝑚| ≫ 𝑘2|𝑗𝜔𝐿𝑒𝑞|𝑎𝑛𝑑 |
1

𝑗𝜔𝐶𝑓
| ≫

|𝑗𝜔𝐿𝑒𝑞|. Thus, Ifault is mainly determined by|𝑗𝜔𝐿𝑒𝑞|. 

Hence, the short-circuit current can be limited to the 

desired value by a suitable selection of α, Lf and k. 

 

III. CONTROL SCHEME DESIGN AND OPTIMAL 

PARAMETER SELECTION 

 

The MCDVR can operate in one of the two 

operation modes according to the state of the grid. In this 

section, the control scheme design and optimal parameter 

selection are explained. 

 

A. Control Scheme 

 

The primary drawback of the H-bridge inverter is 

the possibility of accidentally short-circuiting the input 

dc-link voltage by simultaneously switching on both 

transistors in a leg of the inverter. This is why, in such 

converters, a dead time is typically introduced to avoid 

this shoot through and large over currents. New cascade 

inverters have also been proposed to solve this shoot-

through problem, and they can greatly improve the overall 

system reliability [22], [23]. In this paper, the cascaded H-

bridge inverter is adopted as it is widely used [16], [24]. 

When the MCDVR is in the voltage 

compensation mode, it consists of a multilevel inverter 

with three H-bridge cells in each phase (synthesizing a 7-

level output voltage), a small filter at the ac side, and 
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three dc-link capacitors. One of the main advantages of 

this topology, compared to other multilevel topologies, is 

that the maximum number of levels is only limited by 

isolation constraints. Moreover, the modular structure of 

the converter leads to advantages in terms of 

manufacturing and overall system flexibility [24]. 

Much research has been conducted on the control 

methods of cascade inverter-based DVRs [5], [12]–[16]. 

The phase-shifted PWM is a widely used modulation 

strategy for cascaded multilevel inverters as it offers an 

even power distribution among the cells and is very easy 

to implement independent of the number of inverters. 

This modulation shifts the phase of each carrier by a 

suitable angle to reduce the overall harmonic content of 

the output voltage [25]. Since it offers numerous benefits, 

the outlined inverter design and modulation strategy are 

used in this paper. Moreover, the voltage compensation 

control strategy for an MCDVR system, as described in 

[4], is used. 

When the MCDVR is in fault current-limiting 

mode, it operates as discussed previously. This paper 

mainly focuses on the fault current detection method and 

the transient state of the fault current limiting operation 

mode. A fault current detection method is developed to 

sense the load current and its rate of change. The fault 

current is consequently limited to an acceptable level 

rapidly, even before reaching its first peak [26], [27]. The 

schemes of the unbalanced disturbance are adopted [15], 

and are not discussed in this paper for brevity. The details 

of the transient state of the MCDVR are described. 

 

 

B. Optimal Parameter Selection 

 

1) Cascaded Inverter Design: Using a PWM control 

strategy, the switches in the multilevel inverters should 

satisfy the following conditions: 

  (7) 

  (8) 

Where NS and NP are the number of series 

switches in each inverter level and parallel branches in 

each leg of the inverter, respectively. Udvr is the rated 

peak value of the series injected voltage of the MCDVR. 

IL is the rated value of the load current. Ur and Ir are the 

rated blocking voltage and the rated current of each 

switching component, respectively. n is the total number 

of inverter levels in each phase. Then, the rated dc-link 

voltage of each inverter level Udch should meet 

 (9) 

From (7) – (9), the overall minimum capacity of the 

switching devices can be obtained 

(10) 

Where NSmin and NPmin are the minimum values 

of NS and NP, respectively. Smintotal is the total minimum 

capacity of the multilevel inverters. It can be concluded 

that the capacity of the switching device, which is 

dependent on Ur and Ir, can be altered by setting the 

values of the turns ratio k, NS_min and NPmin. 

When a short-circuit fault occurs (e.g., a three-

phase to ground fault), the fault current will be 6–10 times 

that of the normal load current. Let us assume that the 

fault current is λ times greater than the load current in 

steady state. When a short-circuit fault occurs, the 

secondary current is kλ times greater than that of the load 

current. The ratio of the series transformer is 8:1 in [15], 

while the ratio is reduced to 3.5:1 in this paper. The 

change in the fault current at different transformer ratios 

is shown in Fig.3.3. The fault occurs at tfault and MCDVR 

enters into the current-liming mode at tlimit. Δt is the fault 

detection period. The secondary current Ifault_Pre= 8Il 

during Δt in [19], while Ifault_Pre= 3.5Il in this paper. Thus, 

by decreasing the turn’s ratio, the secondary-side current 

during the preliminary period of the fault (where the limit 

module is not in series with the line) can be reduced. 

Overall, this will help to reduce the impact on the IGBTs 

and dc bus capacitor. After tlimit, the MCDVR enters the 

limiting mode and the fault current is limited to the 

desired value. 

 
Fig.3. Change in the fault current at different ratios of the series 

transformer. 

 

2) Fault Current-Limiting Module Design: When the 

MCDVR operates in the fault current–limiting mode, the 

fault current will flow through the series transformer T1, 

LC output filter, and the bidirectional thyristors. The 

series transformer withstands the supply voltage during 

the faults and, hence, the capacity of the series 

transformer is 
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  (11) 

In addition, the thermal stability of Lf and the 

maximal withstand voltage of Cf should be considered 

during the faults. This relation is expressed as 

 (12) 

Where QLf is the thermal stability of Lf during the 

fault. tfault and treturn are the time of the fault occurring and 

disappearing, respectively. Since the filter capacitor can 

be easily damaged by the over voltage 

 (13) 

Where UCf is the maximal withstand voltage of 

the filter capacitor. udc and uSmax are the dc voltage and the 

maximum voltage across the series transformer, 

respectively. 

When the thyristors are deactivated, the voltages 

between the thyristors are the same as the output voltage 

of the cascade converter. The maximum value of the 

output voltages is approximately equal to the dc-side 

voltage, while the current flowing through the thyristors is 

zero. When the thyristors are activated during the fault, 

the current flowing through the thyristor is k times of the 

fault current at the primary side. Thus, the thyristors can 

be given by 

 (14) 

 (15) 

Where Qthy is the thermal stability of the 

thyristors, and Uthy is the maximal withstand voltage of 

the thyristors. Also, ucf is the voltage of the filtering 

capacitors and ucf= us/k 

 

3) Ride-Through Capability: Assuming that the 

magnitude of the voltage sag (with no phase-angle jump) 

is Usag in per unit, the MCDVR should inject an active 

power given by to restore the pre sag-rated voltage UL at 

the load terminals [14] 

(16) 

Here, the load current IL and the power factor 

𝜑𝐿are assumed to be constant. Furthermore, 𝑃𝐿 =

√3𝑈𝐿𝐼𝐿𝑐𝑜𝑠𝜑𝐿 is the rated load power. If tsag is the voltage 

sag duration, the energy to be supplied by the MCDVR is 

(17) 

Then 

 (18) 

If the initial dc-link voltage is assumed to be its 

rated value, then udc (t0) = Udc0. Also, udc(t0 + tsag)= 

kdUdc0, where kdUdc0is the minimum-allowable dc-link 

voltage at the end of the voltage sag (0 < kd< 1). Thus, in 

order to compensate the maximum voltage sag magnitude 

for a maximum expected sag duration Usag,max, the 

capacitance should be 

    (19) 

Increasing Udc0 allows the reduction of the size of 

the dc capacitor, but the choice of that voltage also 

depends on the maximum voltage rating of the H-bridge 

power-electronic devices. Furthermore, the capacitor 

voltage rating also limits the maximum injection voltage. 

Two balancing schemes are adopted [28], and are not 

discussed in this paper for brevity. 

 

4) LC Design: Although the equivalent switching 

frequency of the cascade multilevel inverter is very high 

(e.g., 15 kHz), there are several higher harmonic 

components near the equivalent switching frequency. To 

attenuate these components and effectively lower the 

ripple voltages and currents, an LC-based filter is 

proposed. Setting the resonance frequency of the filter as 

fc, then 2𝜋𝑓𝑐𝐿𝑓 = 1/2𝜋𝑓𝑐𝐿𝑓. The equivalent resistance of 

the inverter on the dc link can be calculated as follows 

[29]: 

      (20) 

Hence, the resonance frequency is 

(21) 
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In most engineering applications, a damping 

factor of 𝜌 = (0.5 ~ 0.8)𝑅𝐿 is present [15]. Assuming 

that the damping factor 𝜌 = √𝐿𝑓 𝐶𝑓⁄ , then according to 

(3.20) and (3.21), 𝐿𝑓and 𝐶𝑓can be calculated as 

 (22) 

The rated current in 𝐿𝑓is mainly determined by the fault 

current, which is described. 

 

5) DC-Link Capacitor Protection: Varistors are well-

known components often used to clamp overvoltage 

transients [8], [9], [30], [31]. In this paper, varistors are 

designed to protect the dc-link capacitor. Moreover, the 

overvoltage protection and under voltage protection of the 

dc-link capacitor are also applied in the software. 

 

IV. TRANSIENT STATE ANALYSIS 

 

A. From Compensation Mode to Current-Limiting 

Mode 

 

The forward switching scheme (from the 

compensation mode to the current-limiting mode) is to 

isolate the VSI from large currents during faults. The 

scheme achieves this by rapidly adding a limiting 

impedance in series with the transmission line to limit the 

short-circuit current to the desired value. Since the 

scheme involves the state changes of the multilevel 

inverters and thyristors, the forward switching sequence is 

given in Fig.4. 

When a short-circuit fault occurs at t1, the line 

current increases rapidly. Once the current magnitude 

exceeds a preset threshold it (which depends on the relay 

protection) at t2, the IGBTs are turned off to completely 

deactivate the inverter. Considering the sensing time of 

the fault detector, the dead time and non ideal 

characteristics of the switches, the IGBTs are actually 

turned off at t3. Then, the control system gives a trigger 

signal to the thyristors at t4. Considering the non ideal 

characteristics of the thyristors, the path K through the 

thyristors is in conduction at t5. Then, forward switching 

is finally completed. 

 
Fig.4. Trend of the fault current during the forward switching scheme. 

1) During Δt1, the fault current mainly depends on the 

system impedance Zs, and the leakage impedance Z𝜎 of 

the series transformer [30]. Thus,   

(23) 

From Fig.3.4, it is evident that the fault current IΔt1 

increases sharply. The duration time Δt1 is very important 

to other devices and hence a fast fault current detection 

method is necessary. 

2) During Δt2, the MCDVR includes the supply power Us, 

the series transformer, and the filter capacitor Cf. The 

equivalent circuit is shown in Fig.5. Thus, 

 
Fig.5. Equivalent circuit of the MCDVR during Δt2. 

     (24) 

Where𝑍𝑚 ≫ 𝑍𝜎 , and 𝑍𝜎is ignored. For the series 

transformer, the values of the excitation impedance 

𝑍𝑚and |1/𝑗𝜔𝐶𝑓| are large, and hence IΔt2 is much smaller 

than IΔt1 

3) During the switching process of the thyristors, the fault 

current will increase. After the thyristors are activated, the 

fault current Ifault is determined mainly by the limiting 

impedance 𝑍𝑙𝑖𝑚, as given in (5). From (4) and (25), as 
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𝑍𝑙𝑖𝑚is much smaller than 𝑍𝑚and |1/𝑗𝜔𝐶𝑓|, Ifault is larger 

than IΔt2. 

 

B. From Current-Limiting Mode to Compensation 

Mode 

 

The backward switching scheme (from the 

current-limiting mode to the compensation mode) is to 

turn off the thyristors after the fault. This scheme involves 

the state changes of the multilevel inverters and the 

thyristors, and the backward switching sequence is given 

in Fig.6. 

 
Fig.6. Fault current during the backward switching scheme. 

The short-circuit fault disappears at t6. If the 

magnitude of the load current is less than the return 

current ire at t7, the control system removes the trigger 

signal to the thyristors. ire is the reference value of the 

fault detection, and is larger than the peak value of the 

load current. When the voltage across the thyristors is 

negative in polarity and the current is under the 

maintaining current, the thyristors are turned off at t8. 

Then, all of the IGBTs in the inverter are turned on at t9. 

Thus, the thyristors are still activated for the period Δt3 

(from t6 to t8) and are turned off during Δt4 (from t8 to t9). 

1) During Δt3, the fault disappears. The equivalent circuit 

is shown in Fig.3.7. It includes the power supply Us, the 

limiting modules, and the load ZLoad. Ignoring Zs and Zl, 

the voltage across the current-limiting module is 

 (25) 

Since the leakage impedance 𝑍𝜎is ignored 

  (26) 

 
Fig.7. Equivalent circuit of the MCDVR during Δt3. 

2) During Δt4, the thyristors and the IGBTs are also 

turned off. The equivalent circuit of the system is shown 

in Fig.8. It includes the supply power Us, the series 

transformer, and the load ZLoad. Thus, the load current is 

   (27) 

 
Fig.8. Equivalent circuit of the forward switching sequence during Δt4. 

From (26) and (27), because |1/𝑗𝜔𝐶𝑓|is much 

smaller than |𝑍𝑚|and |1/𝑗𝜔𝐶𝑓|, IΔt3 is larger than IΔt4. 

After the backward switching sequence, the line current 

will recover to the normal value. 

 

V. FAULT CURRENT LIMITER 

 

Many factors can cause a fault in a power 

system. The fault current level can be relatively large, 

which may damage equipment in the power system and 

even cause permanent failure. Power systems have to be 

designed to withstand mechanical and thermal stresses 

during a fault. Power system protection devices detect 

fault conditions and operate circuit breakers and other 
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devices to limit the damage side in order to limit the fault 

current.  

Today, fault current levels in land-based 

distribution systems are of increasing concern because 

they are generally rising due to the increasing capacity of 

connected distributed generation. Increasing fault current 

levels will require expensive network investment in 

upgrading equipment such as circuit breakers and 

transformers. There is a growing need therefore for fault 

current limiting devices embedded into electrical 

networks to avoid a large scale and expensive upgrade of 

existing switchgear. FCLs are expected to reduce fault 

current levels without adding additional impedance during 

normal operation. The capital cost of purchasing and 

installing FCLs must be less than the cost of upgrading 

the existing equipment before they can be attractive for 

commercial applications. 

 

VI. MATLAB/SIMULATION RESULTS 

 

 
Fig.9 Simulink model of MCDVR 

 
Fig.10 Simulation results of the MCDVR system. Top to bottom: (a) the 

supplyvoltage, (b) the load voltage, (c) the secondary voltage, (d) the 

load current, and (e) the dc-link voltage. 

 
Fig.11 Forward switching simulations of the MCDVR system, top to 

bottom: (a) the load current, (b) the current in the thyristors path, (c) the 

outputcurrent of the VSI, (d) the dc-link voltage, and (e) the timing 

sequence. 

 
Fig.12 Simulink model of MCDVR with Fault Current Limiter (FCL)  
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Fig.13 Simulation results of the MCDVR system. Top to bottom: (a) the 

supplyvoltage, (b) the load voltage, (c) the secondary voltage, (d) the 
loadcurrent, and (e) the dc-link voltage. 

 

 
Fig.14 Forward switching simulations of the MCDVR system, top to 

bottom : (a) the load current , (b) the current in the thyristor's path, (c) 

the outputcurrent of the VSI, (d) the dc-link voltage , and (e) the timing 
sequence. 

 

VII. CONCLUSION 

 

A new FCL-DVR concept is proposed to deal 

with both voltage fluctuation and short current faults. The 

new topology uses a crowbar bidirectional thyristor 

switch across the output terminals of a conventional back-

to-back DVR. In the event of load short, the DVR 

controller will deactivate the faulty phase of the DVR and 

activate its crowbar thyristor to insert the DVR filter 

reactor into the grid to limit the fault current.The FCL-

DVR will operate with different protection strategies 

under different fault conditions. 

Based on theoretical analysis, simulation and 

experimental study, we conclude the following. 

1) With the crowbar bidirectional thyristor across the 

output terminal of the inverter, the proposed FCLDVR 

can compensate voltage fluctuation and limit fault current.  

2) The FCL-DVR can be used to deal with different types 

of short faults with minimum influence on non-fault 

phases. The FCL-DVR has the same power rating as a 

conventional DVR.  

3) The delta-connection mode of the shunt transformers 

minimizes the influence of dc link voltage fluctuations 

and suppresses the 3rd harmonics.  

4) The proposed control method can detect faults within 

two cycles.  

5) The design methodology based on the analysis of the 

relationship between main circuit parameters and 

compensation capacity could be helpful to the design of 

FCL-DVR. 
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