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ABSTRACT:  

This paper describes the enhancement of power quality with improved DVR technology. 
Requirement of Power Quality (PQ) is one of the most important issues for power system. There 
are different methods to compensate the voltage sags and swells, one of the most popular 
methods of sags and swells  compensation is Dynamic Voltage Restorer . DVR provides 
advanced and economic solution to compensate voltage sags and swells. This device can be 
implemented to protect a group of medium or low voltage consumers. This study present  
compensation of sags and swells voltage during single line to ground and three phase faults. By 
using DVR technology, power quality enhances, which is shown in simulation waveform.   
KEYWORDS: Dynamic Voltage Restorer, Voltage Sags, Voltage Swells, Power quality.  
 
I.INTRODUCTION  

 As well known, quality of the power is 
facing a various problems such as voltage 
sags/swells, surge, flicker, voltage 
imbalance, interruptions and harmonic 
distortion, Voltage sags/swells can occur 
more frequently than other Power quality 
problems, also these sags/swells are the most 
severe power quality disturbances in the 
power distribution system. One of the most 
important custom power devices that have 
been created to improve the performance of 
power quality is Dynamic Voltage Restorer 
(DVR). The DVR maintains the load voltage 
at a nominal magnitude and phase by 
compensating the voltage sag/swell and  

 
 
voltage unbalance at the point of common 
coupling (PCC). These systems are able to 
compensate voltage sags by increasing the 
appropriate voltages in series with the 
supply voltage, and therefore prevent loss of 
power [1]. Voltage sags/swells caused by 
unsymmetrical line-to-line, single line-to-
ground (SLG), double line-to- ground and 
symmetrical three phase faults. the DVR 
injects the independent voltages to restore 
and maintained sensitive to its nominal 
value The injection power of the DVR with 
zero or minimum power for compensation 
purposes can be achieved by choosing an 
appropriate amplitude and phase angle 
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[10].Voltage sags can occur at any instant of 
time, with amplitudes ranging from 10-90% 
and a duration lasting for half a cycle to one 
minute. Voltage swell, on the other hand, is 
defined as an increase in rms voltage for 
durations from 0.5 cycles to 1 minute. 
Typical magnitudes are between 1.1 and 1.8 
up. IEEE 519 1992 and IEEE 1159-1995 
describe the voltage sags/swells as shown in 
Figure 1. 

 
Due to the fact that voltage swells are less 
common in distribution systems, they are 
not as important as voltage sags. Voltage sag 
and swell can cause sensitive equipment 
(such as found in semiconductor or chemical 
plants) to fail, or shutdown, as well as create 
a large current unbalance that could blow 
fuses or trip breakers. These effects can be 
very expensive for customers, ranging from 
minor quality variations to produce 
downtime and equipment damage [2]. 
Nielsen et al, proposed various system 
topologies and are verified and compared for 
checking the DVR performance [3]. The 
post fault method control strategy for DVR 
has been presented by Vilathgamuwa and 
Parera[4]. In this either minimum voltage or 
minimum energy DVR operation has been 
achieved based on phase-locked loop (PLL). 
Marie et. al, presented minimum  voltage 
control strategy for DVR based on the 

symmetrical components[5].   A simple 
DVR was proposed, in which the Fourier 
Transform (FT) has been applied for the sag 
detection [6]. T77he Hbridge multilevel 
IGBT VSC with closed loop control scheme 
is used for mitigation of 
balanced/unbalanced voltage sag only. In 
this, DVR structure based on a cascaded H-
bridge multilevel inverter topology to 
eliminate the need of insertion transformer 
has been used [7]. In the work of M. I. Marei 
et.al, an energy optimized control scheme 
for a transformer less DVR has been 
presented [8]. The D.C. link minimum 
energy injection control method is presented 
the work of Il-Yop Chung et.al. The DVR is 
connected in series with the load and it is a 
direct voltage control method. The shunt 
connected compensators are indirect 
controller in which line current is controlled. 
Hence DVR is an effective compensator for 
dynamic PQ disturbances [9]. The design 
and analysis of the inverter- side filter used 
for DVR has been presented in the work of 
S. S. Choi et.al [10]. C. Zang  et. al work 
presents a three dimensional voltage space 
vector PWM algorithm to analyze the four-
wire DVR[11]. The techniques of the supply 
voltage compensation with minimum energy 
are presented in the work of M.R. Banaei 
et.al [12].      This paper presents a result of 
proposed controller which is designed for 
compensating multiple voltage sag/swell. 
The proposed controller causes DVR to 
reacts quickly to maintain constant load 
voltage both for a balanced and unbalanced 
multiple sag/swell conditions in the 
distribution systems. One of the main 

page 105 



 

Vol 05 Issue03, Mar 2016                         ISSN 2456 – 5083 

 

advantages of DVR is that it inject (absorb) 
energy during sag (swell) to maintain load 
voltage constant. The DVR, which is a series 
compensator, protects a sensitive load from 
the distortion and unbalance in the supply 
side voltage.  
II.SYSTEM MODEL AND 

ASSUMPTIONS  

In 1994, L. Gyugyi proposed a device and a 
method for dynamic voltage restoration of 
utility distribution network. This  method  
uses  real  power  in  order  to  inject  the  
faulted  supply voltages and  is commonly 
known as the Dynamic Voltage Restorer 
[14]. In this paper, a DVR design essentially 
contains a voltage source inverter (VSI), an 
injection transformer connected between the 
AC voltage supply and the sensitive load, a 
DC energy storage device, and a control 
system as shown in Figure 2. 

 
The main function of the DVR is the 
protection of sensitive loads from voltage 
sags/swells coming from the network. The 
DVR is connected in series between the 
source voltage or grid and sensitive loads 
through injection transformer. There are 
several types of energy storage that has been 
used in the DVR such as battery, 
capacitance and superconducting coil. These 

types of energy storages are very important 
in order to supply active and reactive power 
to the DVR. The controller is an important 
part of the DVR for switching purposes. The 
switching converter is responsible to do 
conversion process from DC to AC and to 
make sure that’s only the swell or sag 
voltage is injected to the injection 
transformer.The three-phase transformers 
connection used in the three-phase DVR can 
be configured either in delta/open or 
star/open connection. In case of 
asymmetrical fault in the high voltage side, 
the zero sequence current flowing almost 
zero, if the distribution transformer 
connection in Ä-Y with the grounded 
neutral. As such connection, the DVR only 
mitigates the positive and negative sequence 
components [15].  
III.COMPENSATION METHODS IN 

DVR  

The type of the compensation strategy 
mainly depends upon the limiting factors 
such as DVR power ratings, various 
conditions of load, voltage sag type. Some 
loads are sensitive towards phase angel jump 
and some are sensitive towards change in 
magnitude and others are tolerant to these 
[16]. Therefore, the control strategies 
depend upon the type of load characteristics; 
there are three different methods of DVR 
voltage injection which are:  
(A) Pre-sag compensation method  
(B) In-phase compensation method (C) 
Voltage tolerance method with minimum 
energy injection  
(A) Pre-Sag/Dip Compensation Method The 
pre-sag method tracks the supply voltage 
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continuously and if it detects any 
disturbances in supply voltage it will inject 
the difference voltage between the sag or 
voltage at PCC and pre-fault condition, so 
that the load voltage can be restored back to 
the pre-fault condition. Compensation of 
voltage sags in the both phase angle and 
amplitude. Sensitive loads would be 
achieved by pre-sag compensation method 
as shown in Figure 3. In this method the 
injected active power cannot be controlled 
and it is determined by external conditions 
such as the type of faults and load 
conditions. The voltage of DVR is given 
below: VDVR = V pre fault –Vsag 

 
(B) In-Phase Compensation Method  
In this method the injected voltage is in 
phase with the supply side voltage 
irrespective of the load current and prefault 
voltage as shown in Figure 4. The phase 
angles of the pre-sag and load voltage are 
different but the most important criteria for 
power quality that is the constant magnitude 
of load voltage are satisfied. The load 
voltage is given below:  
|VL| = |Vpre-fault|  
One of the advantages of this method is that 
the amplitude of DVR injection voltage is 
minimum for certain voltage sag in 
comparison with other strategies. Practical 
application of this method is in non-sensitive 
loads to phase angle jump. 

 
(C) Voltage Tolerance Method with 
Minimum Energy Injection A small drop in 
voltage and small jump in phase angle can 
be tolerated by the load itself. If the voltage 
magnitude lies between 90%-110% of 
nominal voltage and phase angle variations 
between 5% -10% of nominalstate that will 
not disturb the operation characteristics of 
loads. Both magnitude and phase are the 
control parameter for this method which can 
be achieved by small energy injection. In 
this method, the phase angle and magnitude 
of corrected load voltage within the area of 
load voltage tolerance are changed. The 
small voltage drop and phase angle jump on 
load can be tolerated by load itself. The 
sensitivity of loads to phase angle jump and 
voltage magnitude is different. 

 
IV.     PROPOSE CONTROL 

TECHNIQUE  

The control system of a DVR plays an 
important role, with the requirements of fast 
response when voltage sag/swells are occur. 
When voltage sag/swells are detected, the 
DVR should react as fast as possible and 
injects AC voltage to the grid. It can be 
implemented using a Space Vector PWM 

page 107 



 

Vol 05 Issue03, Mar 2016                         ISSN 2456 – 5083 

 

control technique based on the voltage 
reference and instantaneous values of supply 
and load voltage. There are various basic 
rules of a controller in a DVR: detection of 
the voltage sag/swell occurrences in the 
system; calculation of the compensating 
voltage, generation of the trigger pulses of 
PWM inverter and stop triggering pulses 
when the occurrence has passed. The dq0 
method gives the information of the depth 
(d) and phase shift (q) of voltage sag with 
start and end time. The load voltage is 
transformed to VD,  VQ  and V0  based on 
park transformation according equations (1), 
(2) & (3).  

 
Phase locked loop (PLL) is used to generate 
unit sinusoidal wave in phase with main 
voltage. The abc components are given to 
generate three phase pulses using PWM 
technique. Proposed control technique block 
is shown in Figure 6. 

 

Investigation on the DVR performance can 
be observed through testing under various 
disturbances condition on the source 
voltage. The proposed control algorithm was 
tested for balanced and unbalanced voltages 
sags/swells in low voltage distribution 
system. 

 

 
The first simulation shows the single phase 
voltage sag. The simulation started with the 
supply voltage 50% sagging as shown in 
Figure 9  (a) also shows a 50% voltage sag 
initiated at 0.1 sec and it is kept until 0.2 sec, 
with total voltage sag duration of 0.1 sec. 
Figure 9 (b) illustrates the voltage injected 
by the aid of DVR and (c) shows the 
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corresponding load voltage with 
compensation. As a result of the DVR, the 
load voltage is kept at 1 PU. The Figure 10 
shows the occurrence of 50% three phase 
voltage sag on utility grid, also the injected 
voltage and load voltage are shown as 
above. 

 

 
The second simulation shows the DVR 
performance during a voltage swell 
condition. In case of balance voltage swell, 
the source voltage has increased about 20- 
25% of its nominal value. The simulation 
results of the balance three phase voltage 

swell as shown in Figure 12(a). Figures 
12(b) and (c) show the injected and the load 
voltage respectively. The swells voltages 
occur at the time duration of 0.1 sec and 
after 0.2 sec the voltage will restoreback to 
its normal value. As can be seen from the 
results, the load voltage is kept at the 
nominal value with help of the DVR. 
Figures 11 (a), (b), and (c) show the single 
phase voltage swell, injected voltage by the 
DVR and the load voltage respectively. In 
addition, as a result of SLG fault. An 
unbalanced voltage sag  is created 
immediately after the fault as shown in 
Figure 13(a), the supply voltage with two of 
the phase voltages dropped down to 60-80%.                                                            
VI. CONCLUSION  

A comprehensive study of a DVR as a 
powerful custom power device has been 
shown with aid of matlab/Simulink.  The  
main  advantages  of  DVR  are  low  cost,  
simpler  implementation,  require  less 
computational efforts and its control is 
simple as compared to other methods. The 
simulation shows that the DVR performance 
is efficient in mitigation of voltage sags and 
swells. The DVR  handles both balanced and  
unbalanced situations without any 
difficulties. It  injects an appropriate voltage 
component to correct any anomaly rapidly in 
the supply voltage; in addition, it keeps the 
load voltage balanced and constant at the 
nominal value,  such PQ disturbances in the 
distribution system is also compensated 
effectively by the proposed control strategy . 
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