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Abstract: This paper introduces another multilevel 

cascaded-sort dynamic voltage restorer (MCDVR) with 

fault current restricting function. This topology can 

work in two operational modes: 1) pay mode for voltage 

variances and unbalances, and 2) cut off restricting 

mode. The present constraining function of the 

MCDVR is performed by enacting against parallel 

thyristors amid the short out fault, and deactivating 

them amid ordinary operation. The mathematical 

model of the MCDVR system is likewise settled in this 

paper. The control conspire plan and ideal parameter 

choice are outlined based on the point by point 

hypothetical investigation of the converter. The 

transient states of the MCDVR in both the pay mode 

and current-constraining mode are likewise broke 

down. Simulation results based on the PSCAD/EMTDC 

programming and test results on a research center 

setup help to approve the proposed topology and the 

hypothetical examination. 

 Index Terms—Dynamic voltage restorer 

(DVR), multilevel inverters, fault current limiter, 

voltage restoration. 

 

I. INTRODUCTION 

 

There are two noteworthy difficulties that 

cutting edge power grids must manage: voltage 

vacillations and short out faults [1]-[2]. There are 

renewable energy based generators (e.g. wind, solar) 

in the grid that can have fluctuating output 

generation capabilities. Besides, the exponentially 

expanding power request and prominence of 

distributed generation have brought about expanding 

fault current levels.  

A dynamic voltage restorer (DVR) could 

produce a remuneration voltage, which is embedded 

into the grid through a series transformer [3-5], and 

could limit any voltage changes. In any case, a vast 

short out current will be drafted into the voltage-

source inverter (VSI) through the series transformer 

amid faults. To conquer this issue, one option is a 

side step conspire. It is a "safeguard" system in 

which the DVR can be taken disconnected. Another 

approach is to enhance the effectiveness of the DVR 

[7]. The control plans appeared in [7] permits the 

series compensator to accomplish load-side voltage 

restoration for upstream faults, and current restricting 

for downstream faults. The drawback of this 

approach is that an expansive limit storage system is 

vital at the DC side. In addition, the proposed 

topology comprises of a varistor and two or three 

against parallel thyristors, which are associated in 

parallel to the secondary winding of the series 

transformer [8].  

The central assurance component is a 

varistor, and the low-saturation attractive attributes 

of the series transformer are hard to accomplish. All 

things considered, the topology just shields the series 

VSI from the over-current and does not restrain 

expansive currents from flowing in the system [9].  

Then again, there are diverse topologies for 

fault current limiters (FCLs, for example, 

superconducting FCLs, solid-satisfy FCLs, and 

reverberation sort FCLs [10]-[11]. In any case, the 

extra hardware unavoidably prompts an expansion in 

the general venture and capital cost. Subsequently, a 

superior decision is enhancing the customary 

functionality of the DVR as far as possible the short 

out current. The series compensator could finish the 

different functions by including another branch [12]-

[13]. Besides, the proposed DVR can change the 

power factor through a thyristor-exchanged inductor 

branch [12]. Besides, a typical method is the place 

the side step is associated in parallel to the primary 

of the series transformer [13]. The hardware 

comprises of a side step electronic switch, comprised 

of against parallel thyristors, and a mechanical 

sidestep switch which permits the static series 

compensator (SSC) to be skirted [14]. In spite of the 

fact that the SSC is ensured amid faults, the fault-

current isn't constrained to the coveted esteem.  
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A fault current constraining dynamic 

voltage restorer (FCL-DVR) was proposed in [15]. 

Notwithstanding, the transient state of the FCL-DVR 

was not portrayed in detail. The warm soundness and 

maximal withstand voltage of the present restricting 

module were likewise disregarded. The ideal 

parameter determination of the series transformer 

ratio has not been taken in [15]. Then again, high 

power multilevel inverters produces bring down 

harmonic currents, and requires bring down rating 

power switches [16]-[18]. These previously 

mentioned points are of incredible centrality for the 

plan and utilization of the multifunctional system.  

In this paper, another multilevel cascaded-

sort dynamic voltage restorer (MCDVR) is 

acquainted with lessen the ratio of the transformer. 

The MCDVR gives comparative course inverter 

execution benefits, for example, the lower power 

rating and cost of the power devices utilized. 

Additionally, it restricts the short out current rapidly 

amid faults, and offers more viable insurance to the 

system. The contents of the paper are organized as 

follows: the topology of the MCDVR and its current-

limiting function are described in Section II. In 

Section III, an effective control scheme and optimal 

parameter selection for the MCDVR are proposed. In 

Section IV, the transient response state is studied in 

detail. In Section V, simulations and experimental 

results of the proposed MCDVR are provided. 

Finally, the main conclusions are presented in 

Section VI. 

II.MCDVR TOPOLOGY 

The MCDVR system based on multilevel 

inverters is appeared in Fig. 1. It comprises of a 

series-associated transformer T1, an energy storage 

capacitor Cdc, a seven-level course inverter, and a 

filter. The transformer T1 not just diminishes the 

voltage prerequisite of the inverters, yet additionally 

gives isolation between the inverter and the utility 

grid. There are likewise hostile to parallel thyristors 

K, which are the main contrast between the MCDVR 

and conventional DVRs [19]. In most reasonable 

inverters, there is likewise a sidestep switch 

associated in parallel with the infusion transformer 

[18]. Essentially, the energy storage capacitor (CDC) 

gives the expected power to make up for any voltage 

sag or variance in the utility grid. Albeit low-arrange 

harmonics are disposed of by the cascaded H-bridge, 

an extensive number of high-arrange harmonics are 

as yet show near the equal switching frequency [18], 

[20]. Therefore, a LC filter involving Lf and Cf is 

utilized as the filter for the cascaded multilevel DVR, 

and in addition an impedance to restrict the fault 

current. In this way the LC filter can accomplish two 

unique functions, and this will advance the full usage 

of the hardware. 

A. Function of the MCDVR 

Under the ordinary working condition, the counter 

parallel thyristors are not let go. In this way, the 

proposed MCDVR is successfully observed as just 

containing the H-bridge course DVR. This multilevel 

converter not just understands the higher power and 

voltage appraisals utilizing littler rating switches, yet 

additionally lessens the general harmonic substance. 

Furthermore, it adds to a littler dv/dt in the output 

and along these lines diminishes undesirable 

electromagnetic interference [21]. 

 

Fig. 1: Schematic diagram of the proposed MCDVR. 

Then again, when a short out fault happens 

along the distribution line, the load current 

increments strongly. The thyristors are then enacted 

to embed the filter into the main current way through 

the series transformer. The filter, the series 

transformer and the counter parallel thyristors 

together shape variable impedance that works as the 

present restricting module. The fault current is 

restricted to the coveted esteem, and the components 

of the VSI and other hardware in the system can be 

ensured. As the voltage over the series transformer 

isn't the same in the distinctive modes, the 

mathematical model of the MCDVR is 
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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 

 

Instead, if the system is in the current-limiting mode, 

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

 

B. Current Limiting by the MCDVR 

The single-phase proportionate circuit of the 

MCDVR in current-restricting mode is appeared in 

Fig. 2. At the point when a short out fault happens, 

the IGBTs of the faulted phase in the VSI are killed 

and the course inverter is closed down. At that point, 

the thyristors are enacted. In this manner, the filter is 

embedded into the main current way through the 

series transformer T1, as appeared in Fig. 2(a). 

 
Fig. 2: MCDVR in current limiting condition: (a) 

Schematic diagram; (b) Single-phase equivalent 

circuit. 

The short-circuit current during the fault is then 

 

Where, Zlim is the limiting impedance. As 

Zlim>>Zs + Zl, 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 k. Lσ1 and R1 are the leakage reactance and 

resistance of the primary side respectively. Lσ2 and 

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 hence ǀ1/jCωǀ is typically a large value. 

Furthermore, the influences of Lσ1, R1, Lσ2, and R2 

can be ignored. It can then be concluded that the 

limiting impedance is 

 

Where Leq is the equivalent impedance and therefore 

 

Where δ is the trigger delay angle of the thyristors. In 

reality, ǀZmǀ >> k
2 ǀjωLeqǀ and ǀ1/jωCfǀ >> ǀjωLeqǀ. 

Thus, Ifault is mainly determined by ǀjωLeqǀ. Hence, 

the short-circuit current can be limited to the desired 

value by suitable selection of α, Lf and k. 

III. CONTROL SCHEME DESIGN AND 

OPTIMAL PARAMETER SELECTION 

The MCDVR can work in one of the two 

operation modes as indicated by the state of the grid. 

In this area, the control conspire outline and ideal 

parameter choice are clarified. 

A. Control Scheme 

The primary disadvantage of the H-bridge 

inverter is the plausibility of coincidentally short 

circuiting the information dc-link voltage by all the 

while switching on the two transistors in a leg of the 

inverter. This is the reason, in such converters, a 

dead time is normally acquainted with evade this 

shoot-through and vast over currents. New course 

inverters have additionally been proposed to take 

care of this shoot-through issue, and they can 

enormously enhance the general system unwavering 

quality [22-23]. In this paper, the cascaded H-bridge 

inverter is embraced as it is in wide utilize [16], [24].  

At the point when the MCDVR is in the 

voltage pay mode, it comprises of a multilevel 

inverter with three H-bridge cells in each phase 

(combining a 7-level output voltage), a little filter at 
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the air conditioner side, and three dc link capacitors. 

One of the main focal points of this topology, 

contrasted with other multilevel topologies, is that 

the maximum number of levels is just restricted by 

isolation limitations. Additionally, the secluded 

structure of the converter prompts preferences as far 

as assembling and general system adaptability [24].  

A considerable amount of research has been 

led on the control strategies for course inverter-based 

DVRs [5], [12]-[16]. The phase-moved PWM is a 

broadly utilized balance procedure for cascaded 

multilevel inverters as it offers an even power 

distribution among the cells and is anything but 

difficult to execute free of the quantity of inverters. 

This regulation moves the phase of every bearer by a 

reasonable edge to lessen the general harmonic 

substance of the output voltage [25]. As it offers 

various advantages, the outlined inverter plan and 

adjustment methodology are utilized as a part of this 

paper. In addition, the voltage remuneration control 

methodology for a MCDVR system, as depicted in 

[4], is utilized.  

At the point when the MCDVR is in fault 

current-constraining mode, it works as examined 

beforehand. This paper mainly concentrates on the 

fault current identification strategy and the transient 

state of the fault current constraining operation 

mode. A fault current discovery technique is created 

to detect the load current and its rate of progress. The 

fault current is subsequently restricted to a 

satisfactory level quickly, even before achieving its 

initially crest [26]-[27]. The plans of the unequal 

unsettling influence are embraced [15], and are not 

examined in this paper for quickness. The points of 

interest of the transient state of the MCDVR are 

depicted further in Section IV. 

B. Optimal Parameter Selection 

1) Cascaded inverter design: Using a PWM 

control strategy, the switches in the multilevel 

inverters should satisfy the following conditions 

 

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 

 

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

switching devices can be obtained 

 

Where, NS_min and NP_min are the 

minimum values of NS and NP respectively. 

Smin_total is the total minimum capacity of the 

multilevel inverters. It can be concluded that the 

capacity of the switching device, which is depended 

on Ur and Ir, can be altered by setting the values of 

the turns-ratio k, NS_min and NP_min. 

 

Fig. 3: Change in the fault current at different ratios 

of the series transformer. 

When a short out fault happens (e.g. a three-

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

times that of the ordinary load current. Give us a 

chance to expect that the fault current is λ times more 

prominent than the load current in steady state. At 

the point when a short out fault happens, the 

secondary current is kλ times more noteworthy than 

that of the load current. The ratio of the series 

transformer is 8:1 in [15], while the ratio is decreased 

to 3.5:1 in this paper. The adjustment in the fault 

current at various transformer ratios is appeared in 

Fig. 3. The fault happens at tfault, and MCDVR goes 

into the current-liming mode at tlimit. △t is the fault 

recognition period. The secondary current 

Ifault_pre=8Il amid △t in [19], while Ifault_pre 

=3.5Il in this paper. Accordingly by diminishing the 

turns-ratio, the secondary side current amid the 

preparatory period of the fault (where the point of 

confinement module isn't in series with the line) can 

be lessened. In general, this will decrease the effect 

on the IGBTs and dc bus capacitor. After tlimit, the 



                                                                                                ISSN 2394-3777 (Print) 

                                                                                                                  ISSN 2394-3785 (Online)    

                                                                                                   Available online at www.ijartet.com 

                International Journal of Advanced Research Trends in Engineering and Technology (IJARTET) 

                Vol. 4, Issue 3, March 2017 

 

198 

All Rights Reserved © 2017 IJARTET 

MCDVR enters the restricting mode and the fault 

current is constrained to the coveted esteem. 

2) Fault-current limiting module design: When the 

MCDVR works in the fault current restricting 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 amid the faults, and 

henceforth the limit of the series transformer is 

 

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: 

 

Where, QLf is the thermal stability of Lf during the 

fault. tfault and treturn are the time of the fault 

occurring and disappearing respectively. As the filter 

capacitor can be easily damaged by the overvoltage, 

 

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. [6] presented a brief outline 

on Electronic Devices and Circuits which forms the 

basis of the Clampers and Diodes. 

When the thyristors are deactivated, the 

voltages between the thyristors are the same as the 

output voltage of the course converter. The 

maximum estimation of the output voltages is 

roughly equivalent to the DC side voltage, while the 

present flowing through the thyristors is zero. At the 

point when the thyristors are enacted amid the fault, 

the present flowing through the thyristor is k times of 

the fault current at the primary side. Consequently, 

the thyristors can be given by 

 

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 pu, the MCDVR should inject an 

active power given by 

 

to restore the pre-sag rated voltage UL at the load 

terminals [14]. Here, the load current IL and the 

power factor φL are assumed to be constant. 

Furthermore,  P L = √3 U L I L cosϕ L is the rated load 

power. If tsag is the voltage sag duration, the energy 

to be supplied by the MCDVR is 

 

then, 

 

If the initial dc-link voltage is assumed to be 

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

udc(t0+tsag)=kdUdc0 where kdUdc0 is 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 maximum 

expected sag duration Usag,max, the capacitance 

should be 

 

Expanding Udc0 permits the lessening of the size of 

the dc capacitor, yet the decision of that voltage 

likewise relies upon the maximum voltage rating of 

the H-bridge power electronic devices. Moreover, the 

capacitor voltage rating additionally constrains the 

maximum infusion voltage. Two adjusting plans are 

embraced [28], and are not talked about in this paper 

for curtness. 

4) LC design: Despite the fact that the comparable 

switching frequency of the course multilevel inverter 

is high (e.g. 15kHz), there are a few higher harmonic 

components close to the proportional switching 

frequency. To constrict these components and 

successfully bring down the swell voltages and 

currents, a LC based filter is proposed. Setting the 

reverberation frequency of the filter as fc, at that 
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point 2� fc Lf � 1/(2� fc Cf). The comparable 

protection of the inverter on the dc link can be 

ascertained as takes after [29] 

 

Hence, the resonance frequency is 

 

In most engineering applications, a damping factor of 

= ρ (0.5 ~ 0.8)RL is present [15]. Assuming that the 

damping factor ρ =  √(L f /C f ), then according to 

(20) and (21), Lf and Cf can be calculated as 

 

The rated current in Lf is mainly determined by the 

fault current, which is described in detail in Section 

IV. 

5) DC-link capacitor protection: Varistors are 

notable components regularly used to brace 

overvoltage transients [8]-[9], [30]-[31]. In this 

paper, varistors are intended to ensure the dc-link 

capacitor. In addition, the over-voltage security and 

under-voltage insurance of the dc-link capacitor are 

additionally connected in the product. 

IV. TRANSIENT STATE ANALYSIS 

A. From Compensation Mode to Current-Limiting 

Mode 

 
Fig. 4. The trend of the fault current during the 

forward switching scheme. 

The forward switching plan (from the 

compensation mode to the present constraining 

mode) is to disconnect the VSI from substantial 

currents amid faults. The plan accomplishes this by 

quickly including constraining impedance in series 

with  transmission line to restrict the short out current 

to the coveted esteem. As the plan includes the state 

changes of the multilevel inverters and thyristors, the 

forward switching sequence is given in Fig. 4.  

At the point when a short out fault happens 

at t1, the line current increments quickly. Once the 

present size surpasses a preset edge it (which relies 

upon the transfer insurance) at t2, the IGBTs are 

killed to totally deactivate the inverter. Considering 

the detecting time of the fault identifier, the dead-

time and non-perfect attributes of the switches, the 

IGBTs are really killed at t3. At that point, the 

control system gives a trigger signal to the thyristors 

at t4. Considering the non-perfect attributes of the 

thyristors, the way K through the thyristors is in 

conduction at t5. At that point, the forward switching 

is at long last finished.  

(1) During △t1, the fault current mainly 

relies upon the system impedance Zs, and the leakage 

impedance Zσ of the series transformer [30]. 

Subsequently, 

 

From Fig.4, it is obvious that the fault 

current I△t1 increments forcefully. The duration time 

△t1 is critical to different devices and subsequently a 

quick fault current recognition technique is 

important.  

(2) During △t2, the MCDVR incorporates 

the supply power Us, the series transformer, and the 

filter capacitor Cf. The identical circuit is appeared in 

Fig. 5. Accordingly, 

 

Where Zm>>Zσ, and Zσ is ignored. For the series 

transformer, the values of the excitation impedance 

Zm and 1/jωCf are large, and hence I△t2 is much 

smaller than I△t1. 

 
Fig. 5. Equivalent circuit of the MCDVR during △t2. 

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

fault current will increase. After the thyristors are 

activated, the fault current Ifault is determined 
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mainly by the limiting impedance Zlim, as given in 

(5). From (4) and (25), as Zlim is much smaller than 

Zm and 1/ jCωf , Ifault is larger than I△t2. 

B. From Current-Limiting Mode to Compensation 

Mode 

The regressive switching plan (from the 

present constraining mode to the pay mode) is to kill 

the thyristors after the fault. This plan includes the 

state changes of the multilevel inverters and the 

thyristors, and the regressive switching sequence is 

given in Fig. 6.  

The short out fault vanishes at t6. In the 

event that the greatness of the load current is not as 

much as the arrival current rage at t7, the control 

system expels the trigger signal to the thyristors. rage 

is the reference estimation of the fault identification, 

and is bigger than the pinnacle estimation of the load 

current. At the point when the voltage over the 

thyristors is negative in extremity and the current is 

under the maintaining current, the thyristors are 

killed at t8. At that point, the majority of the IGBTs 

in the inverter are turned on at t9. Hence, the 

thyristors are as yet initiated for the period △t3 (from 

t6 to t8) and are killed amid △t4 (from t8 to t9). 

 
Fig. 6. The fault current during the backward 

switching scheme. 

(1) During △t3, the fault disappears. The equivalent 

circuit is shown in Fig. 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 

 

As the leakage impedance Zσ is ignored, 

 

(2) During △t4, the thyristors and the IGBTs also are 

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. 

 
Fig. 7. Equivalent circuit of the MCDVR during △t3. 

 
Fig. 8. Equivalent circuit of the forward switching 

sequence during △t4. 

Thus, the load current is 

 

From (26) and (27), because 1/ jLω f is 

much smaller than Zm and 1/ jCω f , I△t3 is larger 

than I△t4. After the backward switching sequence, 

the line current will recover to the normal value. 

V.SIMULATION RESULTS 

To confirm the practicality of the MCDVR, 

simulations are run utilizing PSCAD/EMTDC 

programming. The system simulation display is 

appeared in Fig.1. The MCDVR is associated in 

series between the supply arrange and the ensured 

load. The relating parameter esteems utilized for the 

simulation are given in Appendix A. The supply 

voltage is thought to be 10kV and the source is 

accepted to have a reactance of 100ω. This compares 

to a fault level of 1MVA. In the simulations, while a 

seven-level course inverter is embraced, a few high-

arrange harmonics are as yet exhibit close to the 

proportionate switching frequency. Thus, a LC filter 

ought to be considered in the cascaded H-bridge. On 

the off chance that a THD of 5% is considered as a 

limit for the load voltage, the proposed strategy can 

meet the prerequisite. Additionally, the seven-level 

course inverter can successfully ride-through both 
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adjusted and uneven faults for voltage dips down to 

80% at the converter terminals for 243 ms. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 9. Simulation results of the MCDVR system. 

Top to bottom: (a) the supply voltage Us, (b) the load 

voltage UL, (c) the secondary voltage Udvr, (d) the 

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

Fig.9. demonstrates the execution of the 

MCDVR under voltage sags and faults. As appeared 

in Fig 9(a), voltage sag happens in the vicinity of 

0.15s with a profundity of 20%. In Fig 9(b), it is 

observed that the load voltage UL is controlled to a 

constant amplitude amid this voltage sag.  

The system is then subjected to a three-

phase downstream fault by establishing the three-

phase supply for 0.1s (i.e. five cycles). The load side 

voltage is about zero amid the fault (from 0.2s to 

0.3s), as all the voltage would drop over the present 

restricting module as appeared in Fig. 9(b)- (c). The 

load current will be immediately constrained to the 

coveted an incentive because of the present 

restricting function as appeared in Fig. 9(d). In spite 

of the fact that the dc-link voltage drops somewhat at 

0.2s, it comes back to its typical esteem instantly as 

appeared in Fig. 9(e). 

A. Forward Switching Simulations 

When the transient fault happens at t1=0.2s, 

the load current increments pointedly. The MCDVR 

goes into the present restricting mode before the 

amplitude of the fault current achieves its initially 

crest. The simulation results of the forward switching 

plan are appeared in Fig. 10. Considering the fault 

discovery defer time, the load current IL rises all of a 

sudden before t2 as appeared in Fig. 10(a). All the 

IGBTs are killed at t2. From Fig. 10(c), the output 

current Idvr of the VSI increments from t1 to t2. The 

control system gives trigger signals to the thyristors 

at t2. Amid t3<t<t5, the fault current is computed 

utilizing (24) and is little. After the thyristors are 

actuated at t5, the fault current is controlled by the 

present restricting module. In this way, when 

t1<t<t5, the output current of the VSI expands first 

before diminishing. Fig. 10(d) demonstrates that the 

dc-link voltage increments marginally amid the 

forward switching sequence. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 10. Forward switching simulations of the 

MCDVR system, top to bottom: (a) the load current 

IL, (b) the current Iscr in the thyristor’s path, (c) the 

dc-link voltage Udc, and (d) the timing sequence. 

B. Backward Switching Simulations 

Expecting that the transient fault is cleared at 

t6=0.3s, the MCDVR goes into the DVR mode and 

can accomplish the voltage controlling function amid 

sags. The simulation results of the regressive 

switching plan are appeared in Fig. 11. Considering 

the time taken to recognize that the fault has 

vanished, bolting signals are just given to the 

thyristors at t7 in the simulations.  

 
(a) 
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(b) 

 
(c) 

 
(d) 

Fig. 11. Backward switching simulations of the 

MCDVR system, top to bottom: (a) the load current 

IL, (b) the current Iscr in the thyristor’s path, (c) the 

dc-link voltage Udc, and (d) the timing sequence. 

Because of the half-controlled normal for 

the thyristors, they are just killed totally at zero-

intersection points. As talked about beforehand, the 

IGBTs are actuated at t8. In this way, when t8<t<t9, 

the output currents of the VSI are ascertained 

utilizing (27). Fig. 11(d) demonstrates that the dc-

link voltage remains unaltered at 0.310s. 

VI. CONCLUSIONS 

Cascaded multilevel inverters have been connected 

in the business as a savvy means of series sag pay. In 

any case, a vast current will be drafted into the VSI 

through a series transformer amid faults, and this is 

unsafe to the VSI and the other gear in the grid. In 

this paper, the MCDVR was proposed to manage 

voltage sags and short out current faults. The 

MCDVR has not just the benefits of the H-bridge 

course inverter, yet additionally decreases the 

secondary side current in the preparatory period of 

the fault. A mathematical model of this system was 

likewise settled in this paper. A cautious 

investigation of the transient state checked the 

achievability of the proposed MCDVR. Based on the 

hypothetical examination, PSCAD/EMTDC 

simulations and the test results, we can finish up the 

accompanying:  

1) The H-bridge course inverter can be received to 

lessen the series change ratio and the secondary 

current amid the preparatory period of the fault.  

2) The transient state of the MCDVR system was 

presented in extraordinary detail.  

3) The proposed control technique can confine fault 

current with two cycle. The textures between the 

simulation results and trial results help to check the 

proposed topology and hypothetical examination. 

APPENDIX A 

Source parameters: Us=10kV, Zs=1.21Ω, f0=50Hz. 

Line: Zline=0.340Ω. 

Load parameter: 1MW resistive Load 

MFSC parameters: seven-level cascade inverter. 

Switching frequency: 5 kHz. 

DC link capacitor (per H-bridge module) 

Cdc=10000µF. 

LC filter inductor Lf=2mH. 

LC filter capacitor Cf=15µF. 

Series transformer ratio: 3.5:1. 

Leakage reactance: 0.1p.u. 

No load losses: 0.1 p.u. 

Magnetizing current: 0.4%. 
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