
  
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-3, MARCH-2015                                                E-ISSN: 2349-7610 

 

VOLUME-2, ISSUE-3, MARCH-2015 COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                               97 

Injection of Voltage Using DVR with an Energy 
Storage System 

 

Barathi P.1 and Pradeep R.2 

 

PG Scholar, P.Barathi, Dept of EEE, SNS College of Technology, Coimbatore, Tamilnadu 
Asst Professor, R.Pradeep, Dept of EEE, SNS College of Technology, Coimbatore, Tamilnadu 

 

ABSTRACT 

Power quality plays a major role in power system at all the levels of power sector. The problems such as sag, swell, transients occur 

mainly due to the usage of sensitive and critical loads. Most of the disturbance occur in power system is voltage sag on the 

distribution side. To compensate the voltage sag, the effective and the efficient custom power device used is DVR (Dynamic 

Voltage Restorer). In this paper a different control technique is used for compensating voltage sag. Control strategy used here is 

Synchronous Reference frame Theory (SRF) to compensate the voltage on the load side even though there is a change in the source 

side. SRF theory is used to generate reference signals and compared with actual signal to generate gate pulse for voltage source 

inverter. This model is designed using MATLAB simulink. 

Index Term-DVR, SRF theory, voltage source inverter, voltage sag and swell

1. INTRODUCTION 

Electric power system comprises of three stages: Generation, 

Transmission and Distribution. For a reliable power system, 

generating system must provide adequate power to meet the 

customer’s demand, transmission system is to transmit bulk 

power for long distance without affecting or jeopardizing the 

system stability of the system , distribution system is to distribute 

the bulk power to end users. Distribution locates at the end of the 

power system. Power quality a problem mainly arises on the 

distribution side, the reason behind is that 90 percent of the 

average customer interruptions occur on the distribution side. 

Power Quality may be defined as the “measure, analysis and the 

improvement of the bus voltage, usually a load bus voltage to 

maintain that voltage to be a sinusoid at rated voltage and 

frequency”. Power Quality is generally used to express the 

quality of voltage. Problems in power quality is present in the 

form of distorted waveform of sinusoidal voltage. This is mainly 

due to the usage of sensitive and critical loads. Since power 

quality problem plays a major issue in power system and to 

deliver the uninterruptible power supply to consumer, effective 

custom power device is needed. For voltage compensation one of 

the effective custom power device used is DVR. 

Power quality such as sag and swell arises due to the usage 

of power electronic components because of switching devices 

and non-linear loads. Because of this, sinusoidal waveform gets  

disorted and present in the form of harmonics. To eliminate this 

harmonics, filtering technology is used such as custom power 

device. In this, voltage is mainly concentrated since 90 percent 

of this voltage gets distorted and results in voltage sag. Voltage 

sag is defined as decrease in rms voltage between 0.1 and 0.9 

p.u. which is less than 1 minute. This is mainly due to the short 

circuit (fault) on the electric power, motor starting, customer 

load additions and large load additions in the utility service area. 

Voltage swell may be defined as increase in rms voltage between 

1.1 and 1.8 p.u. for the duration of 0.5 cycles to 1 minute. Main 

causes of voltage  swell is large load changes and power line 

switching. Power quality problem mainly arises due to the usage 

of sensitive and critical loads. 

Interruptions occur in terms of power quality problems such as 

voltage sag, swell, transients and harmonics are present in the 

system. Hence for a reliable power system power quality 

problems are to be minimized. Power electronic controllers are 

designed such as active filters, passive filters. Lossless passive 

filters consist of LC tuned component. Passive filters are widely 

used due to its low initial cost and high efficiency. Though it is 

advantageous main drawbacks of this filters are fixed 

compensation, instability, and resonance present in supply as 

well as on the load side. Hence to overcome these drawbacks 

active filters are used. Active filters consist of shunt, series and 

hybrid filters. 
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Hybrid filters consist of series and shunt. Shunt filters are used 

for current compensation whereas series filters are used for 

voltage compensation. Hybrid filters are used to filter out higher 

order harmonics. However these filters are not satisfactory for 

utility and consumers. Hence to increase the reliability of the 

distribution system and to face the power quality problems, 

advanced power electronic controllers are designed and it is 

termed as custom power devices. The term custom power is 

described as the tools of application of power electronic 

controller devices into the power distribution system to supply 

the quality of power to end users. These devices consist of series 

connected compensator (DVR), shunt connected compensator 

(DSTATCOM) and UPQC which is a combination of series and 

shunt connected compensator. For the generation of custom 

power device power electronic device is needed for the 

generation of gate signals. There are several factors which leads 

to voltage sag such as during starting of electric motor, single 

line to ground fault occurs if there is no protective device, sudden 

load change and also depending on transformer connection.  

Compensation of voltage sag is done by one of the custom power 

device used is DVR. DVR is most widely used in industries for 

the compensation of voltage sag in the distribution line. Static 

Var Compensator (SVC) is suitable only for reactive power 

compensation not for real power compensation whereas DVR is 

suitable for real and reactive power compensation. Hence it is 

considered to be most efficient and the effective custom power 

device on the distribution side and also used in industries. 

In this SRF theory is used as the control signal of DVR in which 

the conversion of rotatory variables are converted to stationary 

variables. Controller is to generate gate signals by comparing the 

reference signal and the actual load signal. SRF theory is to 

convert three variables to two variables and vice-versa using dqo 

transformation. In this power quality is improved by 

compensating voltage sag and swell using DVR. Moreover low 

pass filters are used at the point of common coupling which is 

used to filter out the harmonics present in signal which is 

delivered from the VSI. 

The organization of the paper is as follows. In section II the 

concept of DVR and its basic principle is briefly explained, in 

section III the proposed control technique is discussed, in section 

IV describes about the control block of DVR using SRF, in 

section V briefly discuss about the dqo transformation, proposed 

system is modeled in section VI along with its description and 

the analysis is done during power quality problem and its 

performance is improved respectively. 

2. DYNAMIC VOLTAGE RESTORER 

DVR is a static var device which is used as the voltage 

compensating device on the transmission and distribution side. 

Problems such as sag, swell, transients and fluctuation which 

affects the quality of power. To improve the quality of power at 

the load side DVR is used at the point of common coupling and 

it restores the load voltage. During fault condition DVR able to 

inject the voltage for compensation and thus the load voltage is 

maintained at the desired magnitude and frequency. DVR is said 

to be the most effective custom power device in solving voltage 

sag problem. Thus an un interruptible power supply is given to 

the end of distribution side. 

Basic principle of DVR is to inject the voltage at the point of 

common coupling where the voltage is in non sinusoidal form. 

DVR ables to restore the load side voltage of desired magnitude 

and frequency, so that load voltage is maintained in sinusoidal 

waveform of required magnitude and frequency. GTO is suitable 

for high power application. GTO is a latching device which can 

be turned off by a negative gate current and the main drawbacks 

of GTO is, not suitable for dynamic voltage requirements. 

Initially GTO is used as a switching device but now IGBT is 

employed as a switching device. Hence to meet the dynamic 

voltage requirements IGBT is used as a switching device and the 

pulses are generated to turn on the thyristor. The pulses are 

generated by variables of dqo transformation. 

DVR is a custom power element for series connection in a 

distribution feeder. IGBT which is a DC to AC switching 

inverter that injects three single phase AC output voltages in 

series with a distribution line and in synchronism with the 

voltage of the distribution system, it provides the entire 

downstream load with protection from voltage sags and 

transients. By injecting voltage into the distribution through 

feeder via a series injection transformer, voltage at the point of 

common coupling of controllable amplitude, phase angle and 

frequency. Thus the DVR can restore the voltage quality 

delivered to end user consumers when the source side voltage 

deviates. The DVR can generate or absorb real and reactive 

power near to the load side. When the injection voltage is in 

quadrature with current at the time DVR is able to supply 

reactive power and it requires self supported dc bus. When the 

injection voltage is in phase with current at the time DVR is able 

to supply real power and a battery is required at the dc bus of 

VSC. 

The source of the injected voltage is the commutation process 

for reactive power demand and an energy source for the real 
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power demand. An energy source may vary according to 

manufacturer of DVR some of the energy sources applied are dc 

capacitors, batteries which draws supply from transmission line 

through rectifier. 

The main objective is to improve the power quality problem in 

the distribution side using DVR. The control of DVR is achieved 

by using the concept of SRF theory for converting the voltages 

from rotating to stationary frame using Park’s transformation. 

3. PROPOSED SYSTEM 

The schematic of a DVR-connected system is shown in Figure.1. 

The voltage Vinj is inserted such that the load voltage Vload is 

constant in magnitude and is undistorted, though the supply 

voltage Vs is not constant in magnitude or is distorted. Figure 2 

shows the phasor diagram of different voltage injection schemes 

of the DVR. VL(pre−sag) is a voltage across the critical load 

prior to the voltage sag condition. 

During the voltage sag, the voltage is reduced to Vs with a phase 

lag angle of θ. Now, the DVR injects a voltage such that the load 

voltage magnitude is maintained at the before-sag condition. 

According to the phase angle of the load voltage, the injection of 

voltages can be obtained in four ways. Vinj1 represents the 

voltage injected in-phase with the supply voltage. With the 

injection of Vinj2, the load voltage magnitude remains same but 

it leads Vs by a small angle. In Vinj3, the load voltage retains the 

same phase as that of the pre-sag condition, which may be an 

accurate angle considering the energy source . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.Schematic diagram of the Self-Supported DVR 

 

Vinj4 is the condition where the injected voltage is in quadrature 

with the current, and this case is suitable for a capacitor-

supported DVR as this injection involves no active power. 

However, a minimum possible rating of the converter is 

achieved by Vinj1. 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Phasor  Diagram of  Voltage Injection Schemes of 

DVR 

The DVR is operated in this scheme with a battery energy 

storage system (BESS). Figure 1 shows a schematic of a three-

phase DVR connected to restore the voltage of a three-phase 

critical load. A three-phase supply is connected to a critical and 

sensitive load through a three-phase series injection transformer. 

The equivalent voltage of the supply of phase A.  is 

connected to the point of common coupling (PCC)  through 

short-circuit impedance . The voltage injected by the DVR in 

phase A  is such that the load voltage is of rated 

magnitude and undistorted. A three-phase DVR is connected to 

the line to inject a voltage in series using three single-phase 

transformers Tr. Lr and Cr represent the filter components used 

to filter the ripples in the injected voltage. A three-leg VSC with 

insulated-gate bi polar transistors (IGBTs) is used as a DVR, and 

a BESS is connected to its dc bus. 

4. CONTROL BLOCK OF DVR 

The compensation for voltage sags using a DVR can be 

performed by injecting or absorbing the reactive power or the 

real power .When the injected voltage is in quadrature with the 

current at the fundamental frequency, the compensation is made 

by injecting reactive power and the DVR is with a self-supported 

dc bus. However, if the injected voltage is in phase with the 

current, DVR able to injects real power, and hence a battery is 

essential at the dc bus of the VSC. The control technique 

adopted should consider the limitations such as the voltage 

injection capability (converter and transformer rating) and 

optimization of the size of energy storage 
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Fig.3.Control block of the DVR that uses the SRF method of 

control 

5. DQO TRANSFORMATION 

The dqo transform (often called the park transform) is a space 

vector transformation of three phase time-domain signals from a 

stationary phase coordinate system (ABC) to a rotating 

coordinate system (dq0).The transform applied to time-domain 

voltages in the natural frame (i.e.  ) is as follows: 

 

(1) 

Where is the angle between the rotating and fixed 

coordinate system at each time t and is an initial phase shift of 

the voltage. 

The inverse transformation from the dqo frame to the natural 

abc frame: 

 (2) 

As in the Clarke Transform, it is interesting to note that the 

0-component above is the same as the zero sequence component 

in the symmetrical components transform. For example, voltages

, the zero sequence component for both the dqo 

and symmetrical components transform is  

(3)  

 dqo transform of balanced three-phase voltages 

The following equations take a two-phase quadrature voltage 

along the stationary frame and transforms it into a two-phase 

synchronous frame (with reference frame aligned to the voltage): 

 (4) 

Note that in the dqo frame, the 0-component is the same as that 

in the αβ0 frame. Moreover, as in the Clarke transform, the 0-

component is zero for balanced three-phase systems. Therefore 

in balanced systems, zero sequence component is omitted. 

 (5) 

 The dqo transform of this voltage is: 

=   (6) 

 The inverse transform is as follows: 

 (7) 

The dqo transformation can be similarly applied to the current. 

From a two-phase quadrature stationary (αβ0) current of the 

form ( where δ is the angle at which the current lags the voltage):  

(8) 

Then transform it into a two- phase synchronous (dq0) frame: 

 (9) 

6. SIMULATION MODEL OF 

CONTROLLER 

 


