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Abstract—This paper describes the problem of voltage sags and 
swells and its severe impact on linear loads or sensitive loads. The 
dynamic voltage restorer has become popular as a cost effective 
solution for the protection of sensitive loads from voltage sags 
and swells. The control of compensation voltage is based upon the  
dqo algorithm.The proposed control scheme is simple to design 
and simulation results carried out by MATLAB or SIMULINK 
to verify the performance of the proposed method. A recently 
proposed series connected solid state device, used as a dynamic 
voltage restorer injects voltage into the system to regulate the 
load side voltage. The general configuration of the DVR consists 
of an injection or a booster transformer, a harmonic filter, a 
voltage source converter, DC charging circuit, a control and 
protection system 

Keywords- Dynamic voltage restorer(DVR),Voltage source 
converter (VSC),Direct quadrature zero(dqo),Pulse width 
modulation(PWM) 

I. INTRODUCTION 
Power quality problems encompass a wide range of 

disturbances such as voltage sags/swells, flicker, harmonics 
distortion, impulse transient and interruption. Voltage sags can 
occur at any instant of time, with amplitudes ranging from 10 
to 90% and a duration lasting for half a cycle to a one minute. 
Voltage swell is defined as  a swell as an increase in rms 
voltage or current at the power frequency for durations from 
0.5 cycles to 1min typical magnitudes are between 1.1 and 
1.8pu.Swell magnitude is always greater than 1.0.Voltage 
swells are not as important as voltage sags because they are 
less common in distribution systems. Voltage sag and swell can 
cause sensitive equipment to fail or shutdown, as well as create 
a large current unbalance that could blow fuses or trip breakers. 
This paper introduces dynamic voltage restorer and its 
operating principle. A simple control based on dqo method is 
used to compensate voltage sags/swells. DVR are now 
becoming more established in industry to reduce the impact of 
voltage dips on sensitive loads. At present, a wide range of 
very flexible controllers which capitalize on newly available 
power electronics components are emerging for custom power 
applications .Among these, the distribution static comperator 
and the dynamic voltage restorer are most effective devices, 
both of them based on the voltage source converter principle. 

II. PROPOSED METHOD 
Figure shows the configuration of the proposed DVR 

design using MATLAB/SIMULINK, where the outputs of a 
three- phase half bridge inverter are connected to the utility 
supply via wye-open connected series transformer. 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 capacitor and inductors. 

III. CONTROL ALGORITHM 
The basic function of a controller in a DVR are the 

detection of voltage sag/swell events in the system,  
commutation of the correcting voltage, generation of trigger 
pulses to the sinusoidal PWM based DC-AC inverter. The 
controller may also be used to shift the DC-AC inverter into 
rectifier mode to charge the capacitors in the DC energy link in 
the absence of voltage sags/swells. 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. 

First convert the voltage from a-b-c reference frame to d-q-
o reference. For simplicity zero phase sequence component is 
ignored. The flow chart shows the feed forward dqo 
transformation for voltage sags/swells detection. The detection 
is carried out in each of the three phases. The control scheme 
for the proposed system is based on the comparison of a 
voltage reference and the measured terminal voltage. The error 
signal is used as a modulation signal that allows to generate a 
commutation pattern for the power switches constituting the 
voltage source converter. 

The commutation pattern is generated by means of the 
sinusoidal pulse width modulation technique ,voltages are 
controlled through the modulation. 
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IV. POWER QUALITY RELATED PROBLEMS IN THE 
DISTRIBUTION NETWORK 

The technological development, maintaining the power quality 
is one of the major requirements. The reason is modern 
technology demands for an un-interrupted, high quality 
electricity supply for the successful operation of voltage 
sensitive devices such as advanced control, automation, precise 
manufacturing techniques. Power quality may be degraded due 
to both the transmission and the distribution side abnormalities. 
The abnormalities in the distribution system are load switching 
,motor  starting ,load variations and non-linear loads. Whereas 
lightning and system faults can be regarded as transmission 
abnormalities. 

To overcome the power quality related problems occurring 
in transmission system ,FACTS(Flexible AC Transmission 
System)devices play a major role. Custom power devices 
,which normally targeted to sensitive equipped customers, are 
used to overcome power quality problems in the distribution 
network .The main advantages of the FACTs devices is that 
they allow for increased controllability and optimum loading of 
the lines without exceeding the thermal limits. Custom power 
devices ensure a greater reliability and a better quality of power 
flow to the load centers in the distribution system by 
successfully compensating for voltage sags/swells ,surges 
,harmonic distortions ,interruptions and flicker , which are the 
frequent problems associated with distribution lines. 

 
 

       DVR series connected circuit diagram 

Energy Storage Unit: 

         Energy storage device is used to supply the real power 
requirement for the compensation during voltage sag. 
Flywheels ,lead acid batteries ,super conducting magnetic 
energy storage(SMES) and super-capacitor can be used as 
energy storage devices. For DC drives such as SMES ,batteries 
and capacitos ,AC to DC conversion devices are needed to 
deliver power ,where as for others ac to ac conversion is 
required. 

        The maximum compensation ability of the DVR for 
particular voltage sag is dependent on the amount of the active 
power supplied by the energy storage devices 

Lead acid batteries are popular among the others owing to 
its high response during charging and discharging. But the 
discharge rate is dependent on the chemical reaction rate of the 
battery so that the available energy inside the battery is 
determined by its discharge rate. 

V. PWM INVERTER 
Voltage source inverter generally pulse width modulated 

voltage source inverter is used .The basic function of the VSI is 
to convert the DC voltage supplied by the energy storage 
device into an AC voltage .In the DVR power circuit step up 
voltage injection transformer is used .Thus a VSI  with a low 
voltage rating is sufficient .The common inverter connection 
methods for three phase DVRs are three phase graetz bridge 
inverter ,neutral point clamp inverter and H bridge inverter for 
single phase DVRs. 

VI. VOLTAGE INJECTION TRANSFORMER 
The high voltage side of the injection transformer is 

connected in series to the distribution line ,while the low 
voltage side is connected to the DVR power circuit. For a 
three-phase DVR, three single –phase or three-phase voltage 
injection transformer can be connected to the distribution line 
and for single phase DVR one single phase transformer is 
connected. 

The basic function of the injection transformer is to 
increase the voltage supplied by the filtered VSI output to the 
desired level while isolating the DVR circuit from the 
distribution network. The transformer winding ratio is 
predetermined according to the voltage required in the 
secondary side of the transformer ( generally this is kept equal 
to the supply voltage to allow the DVR to compensate for full 
voltage sag ). 

A high transformer winding ratio will increase the primary 
side current which will adversely affect the performance of the 
power electronic devices connected in the VSI. The rating of 
the injection transformer is an important factor when deciding 
the DVR performance, since it limits the maximum 
compensation ability of the DVR. Further the leakage 
inductance of the transformer brings to a low value to reduce 
the voltage drop across the transformer. 
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In order to reduce the saturation of the injection transformer 
under normal operating conditions it is designed to handle a 
flux which is higher than the normal maximum flux 
requirement. The winding configuration of the injection 
transformer mainly depends on the upstream distribution 
transformer.   

An injection transformer which allows only positive and 
negative sequence components is adequate. The star/open 
configuration should be used for the injection transformer 
which can pass all the sequence components. An unbalance 
fault all the three sequence components (positive, negative and 
zero ) flow to the secondary side. Further this winding 
configuration allows the maximum utilization of the DC link 
voltage. 

VII. DVR OPERATING STATES DURING VOLTAGE 
SAG/SWELL ON THE LINE 

The DVR injects the difference between the pre-sag and the 
sag voltage by supplying the real power requirement from the 
energy storage device together with the reactive power. The 
maximum injection capability of the DVR is limited by the 
ratings of the DC energy storage and the voltage injection 
transformer ratio. In the case of three single-phase DVRs the 
magnitude of the injected voltage can be controlled 
individually. The injected voltages are made synchronized with 
the network voltages. 

VIII. DURING THE NORMAL OPERATION 
Since the network is working under normal condition the 

DVR is not injecting any voltages to the system. In that case, if 
the energy storage devices fully charged then the DVR 
operates in the standby mode or otherwise it operates in the self 
charging mode. The energy storage device can be charged 
either from the power supply itself or from a different source. 

IX. DURING A SHORT CIRCUIT OR FAULT IN THE 
DOWNSTREAM OF THE DISTRIBUTION LINE 

The by-pass switch is activated to provide an alternate path 
for the fault currents. Hence the inverter is protected from the 
flow of high fault current through it, which can damage the 
sensitive power electronic components 

X. CONTROL TECHNIQUES USED IN COMMERCIALLY 
AVAILABLE DVRS 

Most of the commercially available DVRs use either the in-
phase compensation technique or energy optimization 
technique, owing to minimal requirement of real power 
injection. Hence it reduces the capacity of the energy storage 
needed. Control technique describes the method used to 
quantify the DVR control voltage injected during the 
compensation. In simple terms it basically detects the 
occurrence of voltage sag. Some common control techniques 
used by DVR manufactures are described in this section. 

XI. VOLATEGE SAG DETECTION TECHNIQUES 
 Fourier transform 

 Phase locked loop (PLL) 

 Vector control (Software phase locked loop-SPLL) 

 Peak value detection 

 Applying the wavelet transform to each phase 

RESULT 

 
                                        Single Phase Voltage Sag  

1) Source Voltage  2) Injected Voltages 3) Load Voltages 

 
Three phase voltage Swell 

 
1) Source Voltage 2) Injected Voltage 

XII. CONCLUSION 
The DVR handled both balanced and unbalanced situations 

without any difficulties and injected the appropriate voltage 
component to correct rapidly any anomaly in the supply 
voltage to keep the load voltage balanced and constant at the 
nominal value. The efficiency and effectiveness in voltage 
sags/swells compensation showed by the DVR makes him an 
interesting power quality device compared to other custom 
power devices. 

The modeling and simulation of a DVR using 
MATLAB/SIMULINK has been presented. A control system 
based on dqo technique which is a scaled error between source 
side of the DVR and its reference for sags/swells correction has 
been presented. This simulation shows that the DVR 
performance is satisfactory in mitigating voltage sags/swells. 
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From simulation results also show that the DVR 
compensates the sags/swells quickly and provides excellent 
voltage regulation. The DVR handles both balanced and 
unbalanced situation without any difficulties and injects the 
appropriate voltage component to correct rapidly any anomaly 
in the supply voltage to keep the load voltage balanced and 
constant at the nominal value. 
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