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ABSTRACT : Dynamic Voltage Restorer (DVR) has become very popular in recent years for compensation 

of voltage sag and swell. The voltage sag and swell is very severe problem of power quality for an industrial 
customer which needs urgent attention for its compensation. There are various methods for the compensation of 

voltage sag and swell. One of the most popular methods of sag and swell compensation is Dynamic Voltage 

Restorer (DVR), which is used in both low voltage and medium voltage applications. In this work, our main 

focus is on DVR. DVR compensate the voltage sag by injecting voltage as well as power into the system. The 

compensation capability of this is mainly influenced by the various load conditions and voltage dip to be 

compensated. In this work the Dynamic Voltage Restorer is designed and simulated with the help of Matlab 

Simulink for sag compensation. Efficient control technique (Park’s Transformations) is used for mitigation of 

voltage sag through which optimized performance of DVR is obtained. The performance of DVR is analyzed on 

various conditions of active and reactive power of load at a particular level of dc energy storage. Parameters of 

load are varied and the results are analyzed on the basis of output voltages. 
 

Keywords —Structure and control technique for dvr, dvr test system, power quality. 

 

I. INTRODUCTION 
Power quality (PQ) issue has attained considerable attention in the last decade due to large penetration 

of power electronics based loads and microprocessor based controlled loads. On one hand these devices 

introduce power quality problem and on other hand these mal-operate due to the induced power quality 
problems. PQ disturbances cover a broad frequency range with significantly different magnitude variations and 

can be non-stationary, thus, appropriate techniques are required to compensate these events/disturbances [1].  

The growing concern for power quality has led to development for variety of devices designed for mitigating 

power disturbances, primarily voltage sag and swell. Voltage sag and swell are most wide spread power quality 

issue affecting distribution systems, especially industries, where involved losses can reach very high values. 

Short and shallow voltage sag can produce dropout of a whole industry [2]. In general, it is possible to consider 

voltage sag and swell as the origin of 10 to 90% power quality problems. The main causes of voltage sag are 

faults and short circuits, lightning strokes, and inrush currents and swell can occur due to a single line-to ground 

fault on the system and also be generated by sudden load decreases, which can result in a temporary voltage rise 

on the unfaulted phases [1] [2].  

The voltage sag and swell is very severe problem for an industrial customer which needs urgent 

attention for its compensation. Among several devices, a Dynamic Voltage Restorer (DVR) is a novel custom 

power device proposed to compensate for voltage disturbances in a distribution system. The dynamic voltage 

restorer is the most efficient and effective power device used in power distribution networks. Its appeal includes 

lower cost, smaller size, and its fast dynamic response to the disturbance. Our main focus in this thesis is on the 

Dynamic Voltage Restorer (DVR) [3]. This device using series-connected VSC is used to inject controlled 

voltage (controlled amplitude and phase angle) between the Point of Common Coupling (PCC) and the load [3] 

[4].  

For proper voltage sag and swell compensation, it is necessary to derive suitable and fast control scheme for 
inverter switching. Here, we develop the simulation model using MATLAB SIMULINK and also discusses 

simulation results with different load conditions. 

 

II. STRUCTURE AND CONTROL TECHNIQUE FOR        DVR 
DVR is connected in the utility primary distribution feeder. This location of DVR mitigates the certain 

group of customer by faults on the adjacent feeder as shown in fig. 1. The point of common coupling (PCC) feds 
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the load and the fault. The voltage sag in the system is calculated by using voltage divider rule [5]. The general 

configuration of the DVR consists of: 

(a) Series injection transformer   (b) Energy storage unit 

(c) Inverter circuit                     (d) Filter unit 

(e) DC charging circuit     (f) A Control and Protection system 

Energy storage device is the most expensive component of the DVR, therefore it is essential 

requirement to use such mitigation strategy at which DVR can operate with minimum energy storage 

requirement. Different voltage sag mitigation strategies including pre-sag, in-phase, and phase advance 

compensation have described in this thesis. Injection of active power by DVR is related to energy storage. DVR 

injecting large amount of active power requires bigger size of energy storage leading to more expensive scheme. 

Therefore, optimization of energy storage can be obtained by optimizing DVR active power injection. In case of 

zero active power injection by DVR, it injects reactive power only to compensate for voltage sag [6] [7]. 

AC Source
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Fig. 1 Location of DVR 

Control of DVR is performed by using d-q coordinate system. This transformation allows DC components, 

which is much simpler than AC components.  

The dqo transformation or Park’s transformation is used to control of DVR. The dqo method gives the sag depth 

and phase shift information with start and end times. The quantities are expressed as the instantaneous space 

vectors. Firstly convert the voltage from a-b-c reference frame to d-q-o reference [8]. 
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Above equation 1 defines the transformation from three phase system a, b, c to dqo stationary frame. In this 

transformation, phase A is aligned to the d axis that is in quadrature with the q-axis [9]. The theta (θ) is defined 

by the angle between phases A to the d-axis. The error signal is used as a modulation signal that allows 

generating a commutation pattern for the power switches (IGBT’s) constituting the voltage source converter. 

The commutation pattern is generated by means of the sinusoidal pulse width modulation (SPWM) technique, 
voltages are controlled through the modulation [8] [9]. 

 

III. DVR TEST SYSTEM 
Electrical circuit model of DVR test system is shown in fig.2. System parameters are listed in table 1. 

Voltage sag is created at load terminals via a three-phase fault. Load voltage is sensed and passed through a 

sequence analyzer [10]. The magnitude is compared with reference voltage. MATLAB Simulation model of the 

DVR is shown in fig.3 which is display at the end if this paper. Table 1 shows the values of system parameters. 

System comprises of 15 kV, 50 Hz generator, feeding transmission lines through a 3-winding transformer 

connected in Y/Δ/Δ, 15/115/11 [10] [11].  
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Fig. 2 Circuit Model of DVR Test System 

TABLE 1 SYSTEM PARAMETERS 

S.No. System Quantities Ratings 

1. Main Supply 

Voltage Per Phase 
15 KV 

2. Line Impedance Ls = 0 .006 H , Rs=0.002Ω 

3. 
Series Transformer 

Turns Ratio 
1:1 

4. Filter Inductance 1mh 

5. Filter Capacitance 0.50 µF 

6. Load Resistance 40 Ω 

7. Load Inductance 0.05 H 

8. Line Frequency 50 HZ 

9. 
Inverter 

Specifications 

IGBT Based, 3 Arms, 12 

Pulse,  

Carrier Frequency=1024 HZ  

Sample Time= 0.5 sec. 

 

Here, the outputs of a three-phase half-bridge inverter are connected to the utility supply series 

transformer. Once a voltage disturbance occurs, with the aid of dqo transformation based control scheme (Park’s 

Transformation), the inverter output can be steered in phase with the incoming ac source while the load is 

maintained constant. As for the filtering scheme of the proposed method, output of inverter is installed with 

capacitors and inductors [11] [12]. 

 

IV. SIMULATION RESULTS 
Dynamic Voltage Restorer is simulated using MATLAB SIMULINK and the results are analyzed on 

the basis of output voltage. Various cases of different active power of load at different dc energy storage are 
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considered to study the impact on sag waveform and compensated waveform as shown in  fig. 4 to 15. These 

various cases are listed in table 2 and discussed below. 

 

Case I : A three-phase fault is created via a fault resistance of 0.55 Ω, load 1 is 5 KW, 100 VAR and load 2 is 

10 KW, 100 VAR which results in a voltage sag of 10.07 %. Transition time for the fault is considered from 0.1 

sec to 0.14 sec as shown in fig.4. Fig.5 and 6 shows the voltage injected by the DVR and the corresponding load 

voltage. The simulation results and DVR performance in presence of dc energy storage reveals that 99.43 % of 

sag is compensated and deviation of 0.57 % is attained from three phase source voltage with 600 V of dc energy 
storage 

  
(a) 

 
(b)    

                                                              

Fig. 4 Three phase voltage sag at load 5 KW, 100 VAR: 

 (a) Source voltage (b) RMS value of source voltage  

 

 
(a) 

 
(b) 

 

Fig. 5 Three phase injected voltage at load 5 KW, 100 VAR:  

(a) Injected voltage (b) RMS value of injected voltage 
 

0 0.1 0.2
-1.5

-1

-0.5

0

0.5

1

1.5
x 10

4

Time (sec)

V
o
lt
a
g
e
 (

V
o
lt
s
)

0 0.1 0.2
0

5000

10000

15000

Time (sec)

V
o
lt
a
g
e
 (

v
o
lt
s
)

0 0.1 0.2
-1.5

-1

-0.5

0

0.5

1

1.5
x 10

4

Time (sec)

V
o
lt
a
g
e
 (

v
o
lt
s
)

0 0.1 0.2
0

5000

10000

15000

Time (sec)

V
o
lt
a
g
e
 (

v
o
lt
s
)



DVR Based Compensation of Voltage Sag due to Variations of Load: A Study on Analysis of Active 

Power 

 

www.iosrjournals.org                                                    42 | Page 
 

  
(a) 

 
(b)     

                                                         

Fig. 6 Three Phase Compensated Voltage at load 5 KW, 100 VAR: 

(a) Load (Improved) Voltage (b) RMS Value of Load (Improved) Voltage 
 

Case II : A three-phase fault is created via a fault resistance of 0.55 Ω, load 1 is 10 KW, 100 VAR and load 2 is 

10 KW, 100 VAR which results in a voltage sag of 28 %. Transition time for the fault is considered from 0.1 sec 

to 0.14 sec as shown in fig.7. Fig.8 and 9 shows the voltage injected by the DVR and the corresponding load 

voltage. The simulation results and DVR performance in presence of dc energy storage reveals that   98.46 % of 

sag is compensated and deviation of 1.54 % is attained from three phase source voltage with 3.1 KV of dc 

energy storage. 

  
(a) 

 
(b)    

 

Fig. 7. Three phase voltage sag at load10 KW, 100 VAR 

(a) Source voltage (b) RMS value of source voltage 
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(a) 

 
(b)    

Fig. 8. Three phase injected voltage at load 10 KW, 100 VAR:  

(a) Injected voltage (b) RMS value of injected voltage 

  
(a) 

 
(b)    

Fig. 9. Three phase compensated voltage at load 10 KW, 100 VAR:  

(a) Load (improved) voltage (b) RMS value of load (improved) voltage 
 

Case III : A three-phase fault is created via a fault resistance of 0.55 Ω, load 1 is 50 KW, 100 VAR and load 2 

is 10 KW, 100 VAR which results in a voltage sag of 80 %. Transition time for the fault is considered from 0.1 

sec to 0.14 sec as shown in fig. 10. Fig.11 and 12 shows the voltage injected by the DVR and the corresponding 

load voltage. The simulation results and DVR performance in presence of dc energy storage reveals that  97.96 

% of sag is compensated and deviation of 2.03 % is attained from three phase source voltage with 8.5 KV of dc 

energy storage. 
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(a) 

 
(b) 

                                                                       

Fig. 10. Three phase voltage sag at load 50 KW, 100 VAR: 

(a) Source voltage (b) RMS value of source voltage 

 
(a) 

 
(b) 

Fig. 11. Three phase injected voltage at load 50 KW, 100 VAR:  

(a)  Injected voltage (b) RMS value of injected voltage 
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(b) 

Fig. 5.12. Three phase compensated voltage at load 50 KW, 100 VAR: 
(a) Load (improved) voltage (b) RMS value of load (improved) voltage 

 

Case IV : A three-phase fault is created via a fault resistance of 0.55 Ω, load 1 is 1 MW, 100 VAR and load 2 is 

10 KW, 100 VAR which results in a voltage sag of 97.12 %. Transition time for the fault is considered from 0.1 

sec to 0.14 sec as shown in fig.13. Fig.14 and 15 shows the voltage injected by the DVR and the corresponding 
load voltage. The simulation results and DVR performance in presence of dc energy storage reveals that 99.39 

% of sag is compensated and deviation of 0.61 % is attained from three phase source voltage with 13 KV of dc 

energy storage. 

  
(a) 

 
(b) 

Fig. 5.13. Three phase voltage sag at load 1MW, 100 VAR: 

(a) Source voltage (b) RMS value of source voltage 
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(b) 

Fig. 5.14. Three phase injected voltage at load 1 MW, 100 VAR:  
(a)  Injected voltage (b) RMS value of injected voltage 

 

  
(a) 

 
(b) 

Fig. 5.15. Three phase compensated voltage at load 1 MW, 100 VAR: 

(a) Load (improved) voltage (b) RMS value of load (improved) voltage 
 

 

TABLE 2 VARIATIONS WITH PARAMETERS OF ACTIVE POWER OF LOAD 

 

Case Load 1 Load 2 
Fault 

Resistance 
Sag 

DC Energy 

Storage 

Compensated 

Voltage 

Devi

ation 

I 5 KW, 100 VAR 10 KW, 100 VAR 0.55 Ω 10.07 % 600 V 99.43 % 
0.57 
% 

II 
10 KW, 100 

VAR 
10 KW, 100 VAR 0.55 Ω 28 % 3.1 KV 98.46 % 

1.54 
% 

III 
50 KW, 100 

VAR 
10 KW, 100 VAR 0.55 Ω 80 % 8.5 KV 97.97 % 

2.03 
% 

IV 
1 MW, 100 

VAR 
10 KW, 100 VAR 0.55 Ω 97.12 % 13 KV 99.39 % 0.61  

 

Hence, simulation results shows that by increasing the dc storage the effect of voltage sag in output voltage is 

decreased. As can be seen from table 2 with increment in load 1 while keeping load 2 constant the voltage sag 

continuously increases which can be compensated by proportional increase in the dc energy storage. 
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V. CONCLUSION 
Hence foregoing analysis shows the impact of DVR and dc energy storage on voltage sag 

compensation. Consideration on different active power of load with varying dc energy storage shows that with 

increasing values of load there is an enhancement of voltage sag which can be further compensated by adjusting 

the values of dc energy storage. The simulation results are compared on the basis of output voltages and output 

waveforms shows that DVR is fairly efficient for compensation of sag and swell. 
Further dimensions to this work can be added by analyzing other disturbances of power quality like voltage 

swell, harmonics etc. Various sag compensations cases are discussed while varying the active power of load.  

 

 

 

 
Fig.4. Simulation model of the DVR 
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