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 Background and Objectives: Due to the increased sensitive loads, improving 
power quality in distribution grids by custom power tools is one of the 
important fields of electrical engineering. This paper proposes a new kind of 
three-phase three-wire dynamic voltage restorer (without including storage 
sources or DC link) and also its control method. 
Methods: The proposed structure includes an AC/AC converter, low-pass 
filters at the input and output sides, and three-phase injection transformers. 
The control system is based on the combination of feedback and feedforward 
control that its advantages are high speed, good response quality, and very 
simple implementation. To overcome the harmonics raised from AC/AC 
converter switching on the main line, a SOGI-PLL has been used. Also, SOGI-PLL 
operates independently on each phase so that the asymmetric voltage 
variations can be identified. 
Results: The proposed control method is capable to compensate the power 
quality problems such as voltage sag, swell, and harmonics in balanced and 
unbalanced conditions. The detailed modelling and design of the proposed 
controller are verified through computer simulations and experimental results 
under different operating conditions. Simulation and experimental results 
show that the proposed control strategy can compensate the power quality 
events as close as possible to the desired values under different operation 
modes. 
Conclusion: In this paper, a three-phase three-wire dynamic voltage restorer 
(DVR) was assessed using direct AC/AC converters without a supply source and 
DC link. A control system based on combined feedback and feedforward 
control (CFBFFC) and SOGI-PLL has been proposed for the DVR. The simulation 
results on a three-phase 20kV system as well as the experimental results 
obtained from a single-phase 220V system verified the performance of the 
DVR and the control system. It was shown that this structure can compensate 
for 0.5pu voltage sag, above 1pu voltage swell, and all kinds of harmonic faults. 
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Introduction 

At the distribution grid, power quality (PQ) problems 

occur for a variety of reasons including power system 
faults, nonlinear loads, large loads switching, and high-

power induction motor drives ‎[1]. 
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It should be noted that due to the very high 

expansion of renewable energy resources and electric 

vehicles in the future, the problems related to the PQ 

can be very significant ‎[2], ‎[3], ‎[4], ‎[5], ‎[6], ‎[7].  

Custom power devices are powerful tools based on 

the semiconductor switches used for protecting sensitive 

loads and solving PQ issues in the distribution 

system ‎[8], ‎[9], ‎[10], ‎[11]. In power systems, the voltage 

sag and voltage swell are the most common failures, and 

according to Electric Power Research Institute (EPRI) 

estimates, they account for about 87% of 

faults ‎[12], ‎[13]. 
DVR is one of the most effective, efficient, and 

economic custom power devices used in power 

distribution systems that can protect sensitive loads 

against PQ problems by injecting proper voltage in series 

during disturbance time ‎[14], ‎[15]. DVR has several 

structures and usually, a supply source or DC link is used 

in its structure. Removing the DC link from the DVR 

structure causes significant decreases in its volume and 

weight. As shown in Fig. 1, most of the power 

component problems during operation are related to the 

use of DC-link capacitors (diagram values can vary in 

different circuits), so by removing them, the relevant 

problems will be eliminated ‎[15], ‎[16].  
 

 

Fig. 1: Distribution of power component failure ‎[16]. 
 

In recent years, several control strategies have been 

developed for DVR control, some of which include: 

neural network control ‎[17], predictive control ‎[18], 

fuzzy control ‎[19], repetitive control ‎[20], and sliding 

mode control ‎[21], ‎[22]. In addition to the advantages, 

each of the above methods has its disadvantages, such 

as dependence on the model and sensitivity to 

parameter changes, but there are drawbacks to the 

complexity of implementation in all of them. In the 

industry, simple linear controllers are mostly used due to 

their easy structure and implementation and proper 

operation of these controllers. System simplicity and low 

complexity of implementation in the industry is very 

important and has several advantages, so in this article, 

the simple PI feedback control method is combined with 

the feedforward control and using it, the optimal 

response to compensate voltage sag, voltage swell and 

harmonic problems has been created in the distribution 

network. This method has several advantages, including 

high response speed due to the use of feed-forward 

control in the controller structure, good response quality 

according to the output results, Ease of implementation 

due to the controller structure, and removal of voltage 

source harmonics at the output. As a summary of the 

literature review, it can be concluded that various 

structures and control methods have been presented for 

DVR in the literature. The AC-AC converter-based DVRs 

do not require energy storage or DC-link capacitors 

which reduces the volume, weight and, failure of 

DVR ‎[15], ‎[16], ‎[23]. On the other hand, the combined 

feedback and feedforward control (CFBFFC) method has 

some advantages that are already mentioned ‎[24], ‎[25]. 

The CFBFFC application in AC-AC converter-based DVR 

has not been presented in the literature which is 

investigated in this paper. The novelties of this paper can 

be summarized as follows: 

 combined feedback and feed-forward control of 

the AC-AC converter-based DVR 

 SOGI-PLL is used to suppress the effect of grid 

voltage harmonics on the control performance 

 In addition to compensating the voltage sags and 

voltage swells, it is also able to eliminate the 

source harmonic voltages on the load terminals 

This paper is organized in the following sequence. 

First, the structure of the DVR system including general 

structure and compensation capability, operation of the 

converter, and control system are described. In the next 

section, simulation and experimental results are shown 

and in the last section, the conclusion of the article is 

presented. 

Structure and Control System of Dynamic Voltage 

Restorer  

A. General Structure and Compensation Capability 

Fig. 2a shows a three-phase three-wire network 

including a DVR and its detailed structure is depicted in 

Fig. 2b. The overall structure of the DVR consists of an 

input filter, PWM AC-AC converter, output filter, and 

injection transformer.  

The AC-AC converter includes four bidirectional 

switches in each phase that acts as a buck 

converter ‎[26]. It generates an output voltage with a 

desirable phase angle, therefore, it can compensate the 

voltage sag as well as voltage swell. Also, as three 

independent units are used, the asymmetric voltage sag 

and swell can be compensated. The real application of 

DVR is usually located at the medium voltage (20kV) 
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distribution lines where the ground wire of the network 

is not usually accessible, so for the correct operation of 

the circuit, a neutral point is created as shown in Fig. 2b. 
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 Fig. 2: DVR structure with AC-AC converter and input and 

output filters. 
 

Due to not requiring energy storage, the 

compensation time is not limited as in the conventional 

DVR with energy storage. However, in the AC-AC 

converter-based compensators, the current increase 

from the grid for compensation would reduce the grid 

voltage by itself, which can cause problems in weak 

grids ‎[27]. Because the proposed DVR uses the grid-

connected AC-AC converter and generates the 

compensating voltage using the grid voltage, the 

maximum value of the DVR output voltage magnitude 

will depend on the grid voltage as well as the 

transformer turns ratio. Based on Fig. 2 and neglecting 

the voltage drop on the input and output filters and the 

injection transformer, the following equation can be 

written: 

      (1) D GV nDV  

where, VD and VG are the magnitude of the DVR output 

voltage and that of the grid voltage, respectively. Also, n 

is the transformer turns ratio defined as the ratio of the 

number of grid-side turns to that of the converter-side. D 

is the converter duty cycle that will be discussed later. 

 Considering that the DVR output voltage is in-phase 

with the grid voltage, (2) can be written:  

(2) L G DV V V  

Using (1) and (2), the following equation is obtained: 

(3) 1L GV nD V  

Equation (3) can be manipulated as (4): 

(4) 
1

1
G

L

V

V nD
 

If the DVR operates successfully, VL is equal to its 

nominal value. Therefore, taking it as the voltage base 

value, (4) can be rewritten as (5) in per-unit (pu): 

     (5) ,

1

1
G puV

nD
 

The voltage sag can be defined as Vsag,pu=1-VG,pu. 

Based on this definition, (5) can be manipulated as (6): 

      (6) ,
1

Sag pu

nD
V

nD
 

Considering that the maximum value of D is 1, the 

maximum value of the voltage sag that can be 

compensated by the DVR (Vsag,pu, max) is achieved by (7): 

      (7) , ,max
1

Sag pu

n
V

n
 

 For example, if the turn ratio is 1, the DVR will be 

able to compensate for up to 0.5pu voltage sag. By 

increasing n, more compensation can also be possible. 

Also, for the voltage swell, 1L GV nD V  and 

, , 1swell pu G puV V , so the equation )8( is obtained: 

     (8) ,
1

Swell pu

nD
V

nD
 

In this equation, if the turns ratio is 1 and D is 0.5 the 

DVR will be able to compensate for up to 1pu voltage 

swell, and if 0.5 < 𝐷 <1, compensation more than 1pu 

can be obtained. 

B. Operation of the converter 

To demonstrate the performance of the AC-AC 

converter, the single-phase representation of the DVR is 

illustrated in Fig. 3. The converter consists of 

bidirectional switches as shown in the figure. Different 

configurations can be used for bidirectional switches, 

however, two common-emitter IGBTs are used as a 

bidirectional switch in this paper. At the input side of the 

converter, a low-pass LC filter is used to mitigate the 

high-frequency harmonics of the converter flowing to 

the grid. Also, another low-pass LC filter is used at the 

output side of the converter to filter out the high-

frequency switching harmonics of the output voltage.  

The filtered output voltage is injected into the grid via 
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single-phase transformers. If the input voltage is within 

the normal range, the switches are not operated and the 

DVR is bypassed through the bypass switch (Ma). When a 

voltage disturbance (voltage sag and voltage swell) is 

detected, the bypass switch is opened and the converter 

is controlled in a way that the required compensation 

voltage is generated and injected into the grid. The 

detailed structure of the DVR in a single phase is 

illustrated in Fig. 3. 

vs

 L 

R 

vGa

S1A S3A

S2A S4A

Ma

C

R 

 L 

C

Neutral

vLa
ZS -   vD   +iout

iout

iL
iC

+  vo  -

+  vC  -

+  
vi  
-

n  
:  
1

vL

iout

 
 

Fig. 3: Single-phase DVR structure with AC-AC converter. 

 

The AC-AC converter used in each phase has four 

switches denoted as S1A, S2A, S3A, and S4A. The switching 

table of the converter is shown in Table 1. The switching 

combinations S1A (or S3A) and S4A are used to generate 

the output voltage in-phase with the input voltage and 

hence compensating the voltage sag. To generate the 

output voltage with the opposite phase concerning the 

input voltage (and hence compensation for voltage 

swell) the switching combinations S2A and S3A (or S1A) are 

used. The typical operation of the converter in this case 

is indicated in Fig. 4. The figure shows the converter 

input voltage (vi), output voltage (vo), and the averaged 

(or filtered) output voltage (vc). 

Fig. 4a shows the voltage sag compensation 

operation. As the figure illustrates, the converter output 

voltage is a switched voltage between the input voltage 

and the zero voltage level.  

Fig. 4b shows the magnified view of the waveforms. 

As the figure indicates, in the time interval T1 the 

switches S1A and S4A are turned on and the output 

voltage is equal to the input voltage.  

Also, in the time interval T2 the switches S3A and S4A 

are turned on and the output voltage is zero.  

It should be noted that T=T1+T2 is the switching 

period which can be written as T=1/fs, where fs is the 

switching frequency. If the duty cycle of the converter is 

defined as D=T1/T, the average value of the converter 

output voltage in each switching period ( )ov can be 

written as follows: 

(9) o iv Dv  

If the voltage drop on the input and output filters are 

neglected (  ,o C i Gv v v v ) then the following equation 

can be written: 

 (10) C Gv Dv   

Equation (10) suggests that to generate the desired 

compensation voltage, the duty cycle should be 

obtained. In other words, the reference value of the duty 

cycle (D*) can be obtained as follows: 

(11) 
*

* C

G

v
D

v
 

 
vi

v
o

vD

  
(a) 

 

(b) 

 

vi

-vi

vo

v
D

 

(c) 

Fig. 4: Operation of the AC-AC converter, (a) voltage sag 
compensation, (b) magnified view, (c) voltage swell operation. 
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The operation of the converter in the case of voltage 

swell operation is similar to that of voltage sag 

compensation. However, as indicated in Fig. 4c, in the 

case of a voltage swell the output voltage is obtained by 

switching between -vi and zero.  
 

Table 1: Switching table of the AC-AC converter 
 

No ON switches Output voltage(vL) 

1 S1A, S2A 0 

2 S3A, S4A 0 

3 S1A, S4A +vi 

4 S2A, S3A -vi 

 

C. Control System 

  The simple method of execution and high response 

speed can be an important advantage in the design of 

the controller, so in this paper, a combination of feed-

forward control with PI feedback control is used. To 

control the circuit, a feedforward structure is used for 

high-performance speed since the DVR is usually located 

between the grid and the load and is supposed to 

compensate for the grid fault. To completely control the 

slight error in the output or to compensate for the faults 

due to load variation, a feedback structure with a PI 

controller is placed to eliminate the existing fault. The PI 

controller coefficients are Ki=0.7 and Kp=1 and are 

regulated manually.  According to the advantages 

icluding fast dynamic responses, ease to implement, 

optimal output quality, and removal of voltage source 

harmonics at the output and therefore in this research, 

this control method has been used.  

The overall controller structure is shown in Fig. 5. As 

shown in the figure, phase-locked loop (PLL) based on 

quadratic signal generation (SOGI) quadratic signal 

generation (QSG) is used for various purposes. The SOGI 

conversion functions are as following ‎[28]: 

(12) 
,

1 2 2
( )G

G

v K s
F s s

v s K s
 

and 

(13) 
2

,
2 2 2

( )
G

G

v K
F s

v s K s
s  

where ω is the angular velocity of the source voltage, 

and K is the damping coefficient of the algorithm. In ‎[28] 

for system analysis, the Bode plot was evaluated, in 

which for relations (12) and (13), the value of K=1 and 

ω=100π(rad/s) were considered. Using the Bode plot 

presented 1( )F s is a band-pass filter (BPF) and 2( )F s is 

also a low-pass filter (LPF), hence it can be said that the 

SOGI is an adaptive filter that is very effective in 

harmonic contaminated systems ‎[28], ‎[29].  

80%
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Fig. 5: CFBFF control structure with SOGI-PLL ‎[27]. 

 

The SOGI-QSG generates the two quadrature signals 

from the input grid voltage, one is in-phase with the grid 

voltage, ,Gv , and the other is in-quadrature with it,

,Gv  ‎[27]. It is important to note that if the grid voltage 

signal contains harmonics, the SOGI-QSG will remove 

them so that ,Gv will be without the harmonics. The 

quadrature signals are then in the PLL to extract the 

phase angle of the grid voltage as well as the dq 

component of it, .G dV , and .G qV  .  

As the PLL is supposed to align Gv  on the q axis,  .G dV  

will be zero in steady-state given that the PLL operates 

successfully, and also, .G qV  will be equal to the 

magnitude of the grid voltage. Therefore, the value of 

.G qV could be used to detect voltage sag and swell. As 

shown in Fig. 5b, ,G qV is compared to the nominal grid 

voltage magnitude , )( Lm refV , so if , , 0.9G q Lm refV V  

voltage sag will be detected and if , , 1.1G q Lm refV V , 

voltage swell will be detected.  In case of any voltage sag 

or swell, the control circuit enables the DVR to 

compensate for the grid voltage. 

As shown in Fig. 5b, to obtain the reference of the 

load voltage ,( )L refv , the normalized grid voltage 

, ,( / )G G qv V  and the reference value of the load voltage 

magnitude ,( )L refV  can be obtained as follows: 
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(14) 

,

,

sinG

G q

v
t

V
 

,

20000
2 16330 

3
L refV  

So by multiplying , ,( / )G G qv V  and ,( )L refV  , a reference 

voltage signal with a fixed nominal magnitude and in-

phased with the grid voltage is obtained as (15):  

(14) ,
, ,

,

16330sinG
L ref L ref

G q

v
v V t

V
        (15) 

Taking Fig. 3 into account, the converter output state 

equations are written as follows: 

    (16) C

L out

dv
i C ni

dt
   

and 

1 1

L
C G L

L
C G L

di
v Dv Ri L

dt
di R

v Dv i
dt L L L

  

 



  

                                          (17) 

where, L and C are the filter inductance and capacitance, 

respectively. Also, R is the equivalent resistance of the 

inductor.  

Moreover, 
L

i  is the filter inductor current, 
out

i is the 

load current.  

Finally, n is the transformer turns ratio. Hereinafter n 

will be considered to be 1 (n=1). As ( )Cv is the voltage on 

the output filter capacitor and the transformer turns 

ratio is n=1, it will be equal to the voltage on the 

transformer secondary side, i.e. it is the injected 

compensating voltage ( )C Dv v . 

 In (17) the positive sign is for the voltage sag 

compensation and the minus sign is for the voltage swell 

compensation. According to (17), Cv that is equal to Dv , 

depends on the value of D, and according to (2), 

 L G Dv v v , so if an error occurs in the output voltage

( )Lv , by using the combined feedback and feedforward 

control, the output voltage will be compensated and it is 

returned to the reference voltage  ,( )L refv . 

As shown in Fig. 5, for designing combined feedback 

and feed-forward control the following steps are taken.  

A) For feedforward control, the  
CFF

v  value, which is 

the difference between the reference voltage

,( )L refv  and the input voltage ( )Gv , is calculated 

according to (18):   

(18) ,CFF GL refv v v  

B) Feedback control ( )CFBv  consists of two voltage 

errors: 

1- the difference between the reference voltage and 

the output voltage ,( )L ref Lv v , to eliminate the 

output error includes amplitude or harmonic errors 

in the output. 

2- the difference between the input voltage (  )Gv and 

filtered input voltage by QSG-PLL ( ) v , to eliminate 

the harmonics on the grid. 

    (19) ,( )  )(CFB L GL refv v v v v  

C) After applying PI control on CFBv , the sum of CFBv   

and CFFv  is obtained and divided by Gv  to obtain 

a value between 0 and 1, considering that their 

value is multiplied by (-1) in the swell mode. This 

value is denoted by D according to (20):  

   (20) 
CFB CFF

G

v v
D

v
 

As shown in Fig. 5, the value of D that was obtained 

in (20), will be compared to a 10 kHz triangular 

waveform for creating a PWM waveform proportional to 

the amount of voltage sag, voltage swell, or harmonic 

fault. This PWM voltage is applied to the AC chopper and 

creates a waveform as shown in Fig. 4 and after being 

filtered by the LC low-pass filter, it is applied to the 

network in series through the injection transformer. 

Results and Discussion 

The effectiveness and feasibility of the proposed DVR 

with the proposed control system have been verified by 

simulations and experiments. For the simulation with 

MATLAB/Simulink software, a three-phase DVR installed 

in a three-phase 20kV distribution line is considered. 

Moreover, a scaled-down single-phase 220V prototype 

of the DVR is implemented that its results are presented 

and discussed.  

A. Simulation Result 

The simulation parameters are presented in Table 2. 
 

Table 2: Simulation parameters 20kV three-phase DVR 
 

Value Symbol Description 

20 kV VG Grid rms line-line voltage 

50 Hz f Grid frequency 

1:1 n Series transformer ratio 

1 mH L Filters inductance 

22 μF C Filters capacitance 

1 Ω R Filters resistance 

1 Kp Controller parameter (GPI) 

0.7 Ki Controller parameter (GPI) 

10 kHz fs Switching frequency 
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For the first case, simulation of DVR performance to 

compensate for balanced three-phase voltage sag 

compensation is investigated. The simulation results of 

this case study are presented in Fig. 6. The grid voltage 

encounters 0.25pu voltage sag starting at t=0.12s and 

ends at t=0.2. Fig. 6a indicates the grid voltage in which 

the voltage sag occurrence is clear.  As soon as the 

voltage sag is detected by the control system, the DVR 

operates to generate the required compensation voltage 

as shown in Fig. 5b. The DVR output voltage is added to 

the grid voltage so that the load voltage is restored to its 

nominal value which is indicated in Fig. 6c. 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Compensation of balanced voltage sag (0.25pu) (a) grid 
voltage, (b) injected voltage, (c) load voltage. 

 

The performance of the DVR in compensating for 

balanced three-phase voltage swell is shown in Fig. 7. In 

this case, a 0.3pu balanced three-phase voltage swell is 

applied on the grid voltage which starts at t=0.12s and 

ends at t=0.2s. The DVR output voltage which is injected 

in series to the grid is shown in Fig. 7b. As the figure 

indicates, the DVR voltage is in the opposite phase with 

the grid voltage so that the voltage on the load side is 

reduced to the nominal value as illustrated in Fig. 7c. 

According to the PQ monitored records, most of the 

voltage events in the three-phase systems are single-

phase voltage sag in which one phase is affected. The 

next simulation case study is for single-phase voltage sag 

compensation. As Fig. 8a indicates, the grid voltage faces 

0.45pu voltage on one of the phases which starts at 

t=0.12s and lasts for four fundamental cycles. The DVR 

output voltage, in this case, is shown in Fig. 8b. As this 

figure illustrates, the DVR generates the required 

compensating voltage in only the affected phase and 

injects it into the grid so that the voltage on the load side 

is a balanced three-phase voltage with nominal 

magnitude (Fig. 8c). 
 

 
Fig. 7: Compensation for balanced three-phase voltage swell 
(0.3pu), (a) grid voltage, (b) injected voltage, (c) load voltage. 

 

One of the important characteristics of the proposed 

control method is harmonic compensation. Fig. 9 shows 

concurrent harmonics and voltage sag compensation by 

about 12% of the THD and voltage sag of 0.3pu. Fig. 9b 

shown the DVR output voltage which is injected in series 

to the grid. The load voltage shown in Fig. 9c indicates 

that the harmonic compensation has been performed to 

an acceptable value and THD decreased to about 4.5%. 
 

 

 
Fig. 8. Compensation of unbalanced voltage sag in phase a 

(0.4pu); (a) grid voltage, (b) injected voltage, (c) load voltage. 
 

To compare the performance of CFBFFC with the PI 

control, both of the methods have been applied on the 

 
(a) 

 
(b) 

 
(c) 
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DVR and the results are compared. For comparison, two 

important items are considered which the load voltage 

magnitude error are during the compensation and the 

other is the THD of the output voltage. The comparisons 

are indicated in Fig. 10. As the figure indicates, the load 

voltage error, as well as the THD of the DVR output 

voltage in the proposed CFBFFC, is considerably lower 

than the PI method which verifies the superiority of the 

CFBFFC in controlling the AC-AC converter-based DVR. 

 

 
 

Fig. 9: Compensation of simultaneous harmonics and voltage 
sag fault (0.7 p.u); (a): grid voltage, (b): injected voltage, (c): 

load voltage. 

 

Fig. 10: Performance comparison of the CFBFFC and PI control 
methods in controlling the AC-AC converter-base DVR. 

 

B. Experimental Result  

As shown in Fig. 11, a scaled-down prototype of the 

proposed DVR is implemented and tested to verify its 

performance. For the experimental studies, a single-

phase 220V DVR is implemented. In the implemented 

prototype, the FGH40N60SMD IGBTs are used. For 

realizing a bidirectional AC switch, two IGBTs are used in 

a common-emitter arrangement so that one switch 

driver is needed for each switch. Control signals are 

applied to IGBT switches via the DE2-70 FPGA board the 

input and output filter inductance is about 1mH and 

their capacitance is 2uF ‎[30]. The switching frequency is 

selected to be 10 kHz. Table 3 shows the experimental 

parameters of single-phase DVR. 

The experimental results for voltage sag 

compensation are indicated in Fig. 12 and Fig. 13. The 

grid voltage and load voltage are shown in Fig. 12a, in 

which about 0.45pu and 0.25pu the voltage sag occurred 

sequentially at the grid voltage, however, the load 

voltage is restored to its nominal condition. Fig. 12b 

shows the converter output voltage before and after the 

filter. In the place where the voltage amplitude is lower, 

with increasing duty cycle (D) the output amplitude of 

the converter is large enough to compensate for the 

output voltage properly.  
 

 

Fig. 11. Photo of the test set-up. 

 

Table 3: Experimental parameters of single-phase DVR 
 

Unit Value Symbol Description 

V 220 VG Grid voltage 

Hz 50 f Grid frequency 

- 8 FGH40N60SMD IGBT  

- 1 DE2-70 FPGA Altera Board 

- 1:1 n Series transformer ratio 

mH 1 L Filters inductance 

μF 22 C Filters capacitance 

- 1 Kp Controller parameter (GPI) 

- 0.7 Ki Controller parameter (GPI) 

kHz 10  fs Switching frequency 
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(a) 

 

 
(b) 

 

Fig. 12: Experimental results of voltage sag compensation, (a) 
grid voltage (upper) and load voltage, (b) converter output 

voltage before filter (upper), DVR output voltage. 

 
Fig. 13a shows the grid current and the DVR input 

current and Fig. 13b shows the load current. As can be 

seen, the low current caused by the voltage sag is 

compensated by the DVR and the output current is 

stabilized. 

The experimental results for voltage swell 

compensation are shown in Fig. 14 and Fig 15.  

The grid voltage and load voltage are shown in Fig. 

14a.  
 

  

(a) 

 
 

 
(b) 

 
Fig. 13: Experimental results of voltage sag compensation, (a) 

grid current (upper) and the DVR input current (lower), (b)load 
current. 

 

 

(a) 

 

(b)  
 

Fig. 14: Experimental results of voltage swell compensation, (a) 
grid voltage and load voltage, (b) converter output voltage 

before filter (upper), DVR output voltage. 
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As shown in the figure, 0.20pu and 0.40pu voltage 

swell occurred sequentially at the grid voltage, the DVR 

is placed in the circuit and compensates for the voltage 

by adding voltage in the opposite phase and returns the 

load voltage to its nominal state. Fig. 14b shows the 

converter output voltage which is a high-frequency PWM 

switched voltage waveform and the DVR output voltage.  

In Fig. 15a for 0.40pu and 0.20pu voltage swell 

occurred sequentially shows the grid current and the 

DVR input current and Fig.15b shows the load current. 

As can be seen, the high current in the grid caused by the 

voltage swell is compensated by the DVR and the output 

current is stabilized. 

 

(a) 
 

(b) 

 
Fig. 15: Experimental results of voltage swell compensation, (a) 
grid current (upper) and the DVR input current (lower), (b)load 

current. 

Conclusion 

In this paper, a three-phase three-wire dynamic 

voltage restorer (DVR) was assessed using direct AC-AC 

converters without using a supply source and DC link. A 

control system based on combined feedback and 

feedforward control (CFBFFC) and SOGI-PLL has been 

proposed for the DVR. The CFBFFC has some intrinsic 

advantages such as high speed, low error, good response 

quality, and very simple implementation. Also, the SOGI-

PLL extracts the phase angle and dq component of the 

voltage quickly and accurately which is necessary for the 

DVR control system.  

The simulation results on a three-phase 20kV system 

as well as the experimental results obtained from a 

single-phase 220V system verified the performance of 

the DVR and the control system.  

As the studies indicated, the adopted control system 

results in lower THD of the voltage waveforms and lower 

deviation (comparing the nominal value) in the load 

voltage magnitude in comparison with the conventional 

PI-based control methods. It was shown that this 

structure can compensate for up to 0.5pu voltage sag, up 

to above 1pu voltage swell, and all kinds of harmonic 

faults. 
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