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ABSTRACT  

Dynamic Voltage Restorer (DVR) is a custom power device that is used to improve voltage disturbances in 

electrical distribution system. The components of the DVR consist of voltage source inverter (VSI), injection 

transformers, passive filters and energy storage. The main function of the DVR is used to inject three phase 

voltage in series and in synchronism with the grid voltages in order to compensate voltage disturbances. The 

Development of (DVR) has been proposed by many researchers. This paper presents a review of the researches 

on the DVR application for power quality Improvement in electrical distribution network. The types of DVR 

control strategies and its configuration has been discussed and may assist the researchers in this area to 

develop and proposed their new idea in order to build the prototype and controller. 
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I. INTRODUCTION 

 

Recently applications of power electronic controller based on Custom Power Devices (CPD) are widely used in 

electrical distribution system for power quality improvement. CPD is a powerful tool based on semiconductor 

switches concept to protect sensitive loads if there is a disturbance from power line. Among the several novel 

CPD, the Dynamic Voltage Restorer (DVR) are now becoming more established in industry to mitigate  

the impact of voltage disturbances on sensitive loads. Power quality in the distribution system can be improved 

by using a custom power device DVR for voltage disturbances such as voltage sags, swells, harmonics, 

unbalanced voltage and etc. The function of the DVR is a protection device to protect the precision 

manufacturing process and sophisticate sensitive electronic equipments from the voltage fluctuations. The DVR 

has been developed by Westinghouse for advance distribution. The DVR is able to inject a set of three single-

phase voltages of an appropriate magnitude and duration in series with the supply voltage in synchronism 

through injection transformer to restore the power quality. Voltage sags caused by unsymmetrical line-to-line, 

line to ground, double-line-to-ground and symmetrical three phase faults is affected to sensitive loads, 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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II. DYNAMIC VOLTAGE RESTORER  

 

The conventional circuit configuration of the DVR is shown in Figure 2. Dynamic voltage restorer is a series 

connected device is used for mitigating voltage disturbances in the distribution system. DVR maintains the load 

voltage at a nominal magnitude and phase by compensating the voltage sag/swell, voltage unbalance and 

voltage harmonics presented at the point of common coupling. These systems are able to compensate voltage 

sags by increasing the appropriate voltages in series with the supply voltage, and therefore avoid a loss of 

power. The DVR should capable to react as fast as possible to inject the missing voltage to the system due to 

sensitive loads are very sensitive to voltage variations. The DVR is a series conditioner based on a pulse width 

modulated voltage source inverter, which is generating or absorbing real or reactive power independently.  

 

Fig. 2 Conventional Circuit Configuration of DVR 

III. COMPONENTS OF DVR 

The DVR system consists of two important sections namely a power circuit and a control unit. Power circuit of 

DVR basically consists of a voltage source inverter, a series connected injection transformer, passive filter, and 

an energy storage device that is connected to the dc link. In DVR the control circuit is used to derive the 

parameters (magnitude, frequency, phase shift, etc) of the control signal that has to be injected by the DVR. 

Based on the control signal, the injected voltage is generated by the switches in the power circuit. 

 

3.1 Series Voltage Injection Transformers: 

In a three-phase system, either three single-phase transformer units or one three phase transformer unit can be 

used for voltage injection purpose. The injection transformer comprises of two side voltages namely the high 

voltage side and low voltage side. Normally the high voltage side of the injection transformer is connected in 

series to the distribution system while power circuit of the DVR can be connected at the low voltage side. 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 

pre-determined 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 higher transformer winding 

ratio will increase the primary side current, which will adversely affect the performance of the power electronic 

devices connected in the VSI. To evaluate the performance of the DVR the rating of the injection transformer is 

an important factor that need to be considered due to the compensation ability of the DVR is totally depend on 

its rating The DVR performance is totally depend on the rating of the injection transformer, since it limits the 
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maximum compensation ability of the DVR. The three single phase transformers connection used in the three-

phase DVR can be configured either in delta/open or star/open connection. 

 

3.2 Energy Storage: 

The DVR needs real power for compensation purposes during voltage disturbances in the distribution system. In 

this case the real power of the DVR must be supplied by energy storage when the voltage disturbances exist. 

The energy storage such as a battery is responsible to supply an energy source in DC form. Energy storage 

consists of two types form. One using stored energy to supply the delivered power and the other having no 

significant internal energy storage but instead energy is taken from the faulted grid supply during the sags. A 

shunt–converter or the rectifier is the main sources of the direct energy storage which is supplied to DVR. 

Flywheels, batteries, superconducting magnetic energy storage (SMES) and super capacitors can be used as 

energy storage devices. It supplies the real power requirements of the system when DVR is used for 

compensation. The application of the energy storage in DVR is depending on the designed rating required and 

total cost is also must be considered. 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. Storage systems with auxiliary 

supply is used to increase the system performance when the grid of DVR is weak. The suitable of the type of 

energy storage depend on the DVR designed in term rated power and the total cost factor. 

 

3.3 LC Filter: 

Basically filter unit consists of inductor (L) and capacitor (C). In DVR, filters are used to convert the inverted 

PWM waveform into a sinusoidal waveform. This can be achieved by eliminating the unwanted harmonic 

components generated by the VSI action. Higher orders harmonic components distort the compensated output 

voltage. The unnecessary switching harmonics generated by the VSI must be removed from the injected voltage 

waveform in order to maintain an acceptable Total Harmonics Distortion (THD) level. The switching 

frequencies of the VSI are usually up to several kHz for medium power level. The passive filters can be placed 

either in the high voltage or in low voltage side winding of the series injection transformer. If the filter is 

installed at the low voltage side it has the advantage of being closer to the harmonic source thus high order 

harmonic currents are avoided to penetrate into the series injection transformer. Harmonics currents will 

circulate into the series injection transformer if the filtering scheme is placed at the high voltage. 

 

3.4 Voltage Source Inverter (VSI): 

The function of an inverter system in DVR is used to convert the DC voltage supplied by the energy storage 

device into an AC voltage. Voltage source inverter (VSI) of low voltage and high current with step up injection 

transformer is used for this purpose in the DVR compensation technique. Generally Pulse-Width Modulated 

Voltage Source Inverter (PWMVSI) is used. There are two basic three phase inverter topologies, the popular 

two-level inverter and the multilevel inverter, multilevel inverters have recently emerged as an attractive 

alternative to PWM schemes so that the losses associated with fast switching can be eliminated. The 

implementation of the PWM in the two level inverter is simpler and its cost is cheaper than a multilevel inverter. 
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3.5 By Pass Switch: 

Fault current causes by faults in the downstream will flow through the inverter circuit of the DVR. Therefore to 

avoid high currents flowing to the inverter, a protection device namely by-pass switch is used, which is 

incorporated to by-pass the inverter circuit. Normally the by-pass switch will be in active mode and senses the 

current flowing in the distribution circuit and if the current flowing over than the inverter current rating limit, 

the circuit bypasses the DVR circuit components in order to protect the inverter from over currents. The bypass 

switch will become inactive when the source current is in rated value or in normal condition. 

 

IV. OPERATING MODES OF DVR 

 

The operation of the DVR can be categorized into three operating modes as follows; 

a) Protection mode 

b) Standby mode and 

c) Injection mode 

In protection mode scheme, the bypass switch can be used as a protection device to protect DVR from the over 

current in the load side due to short circuit on the load or large inrush currents. The DVR can be protected by the 

action of the bypass switches by supplying another path for current as shown in Figure 4.1(a). 

 

 
Fig. 4.1(a): The aspect of bypass switches. 

 

In standby mode (VDVR = 0), as shown in Figure 4.1(b). The injection transformer’s low voltage winding is 

shorted through the inverter. No switching of semiconductors occurs in this mode of operation because the 

individual inverter legs are triggered such as to establish a short-circuit path for the transformer connection. 

Therefore, only the comparatively low conduction losses of the semiconductors in this current loop contribute to 

the losses. The DVR will be most of the time in this mode. In the operation of DVR during standby mode, two 

upper IGBT’s in each phase of the inverter remains turned off while the two lower IGBT’s turned on. A short 

circuit across the secondary (inverter side) windings of the series transformer through filter is obtained 

eliminating the use of bypass switches. The DVR goes into injection mode (VDVR > 0) as soon as the sag is 

detected. Three single-phase AC voltages are injected in series with required magnitude, phase and wave shape 

for compensation. The types of voltage sags, load conditions and power rating of DVR will determine the 
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possibility of compensating voltage sag. The available voltage injection strategies are pre-sag, phase advance 

and in phase method. 

 
Fig. 4.1(b): Standby Mode. 

 

V. DVR Compensation Techniques 

 

The methods for injection of missing voltage can be elaborated into pre sag compensation, in-phase 

compensation and phase advance or minimum energy compensation. 

 

5.1 Pre-Sag Compensation: 

In Pre-Sag compensation, it is important for both magnitude and the phase angle to be compensated. The 

different between the pre-sag and during the sag voltage are detected by the DVR and it injects the different 

voltage, Therefore, the amplitude and the phase of the voltage before the sag has to be exactly restored. Figure 

5.1 illustrates the pre-sag compensation technique showing before and after the voltage sags. 

 

 
Fig. 5.1: Pre-sag compensation showing before and after the voltage sag. 

 

5.2 In- Phase Compensation: 

In this technique, the injection voltage is in phase with the source voltage. When the source voltage is dropped 

due to sagging problems in the network the injection voltage produced by the Voltage Source Inverter (VSI) will 

injects the missing voltage based on the drop voltage magnitude. This method can be shown in Figure 5.2. 
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Fig. 5.2: The diagram of In-Phase Compensation Technique. 

 

5.3 Minimum Energy Compensation: 

In the minimum energy compensation only small energy storage is required in the other word this concept does 

not require any active power. The phasor diagram of the minimum energy compensation is illustrated in Figure 

5.3. In this compensation method the injected voltage is quadrature with the load current. 

 

 
Fig. 5.3: Minimum Energy Compensation Technique. 

 

VI. CONTROL STRATEGIES IN DVR 

 

The aim of the control scheme is to maintain constant voltage magnitude at the point where a sensitive load is 

connected under system disturbances. The control system only measures the RMS voltage at the load point, i.e., 

no reactive power measurements are required. The control of DVR is very important and it involves detection of 

voltage sags (start, end and depth of the voltage sag) by appropriate detection algorithms which work in real 

time. The voltage sags can last from a few milliseconds to a few cycles, with typical depths ranging from 0.9 

p.u. to 0.5 p.u. of a 1-p.u. nominal. Inverter is an important component of DVR. The performance of the DVR is 

directly affect to the control strategy of inverter. 

The inverter control strategy consists of two types of control as following: 
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I. Linear Control and  

II. Non Linear Control 

I. Linear Control:  

Linear control is considered as a common method of DVR control. Among the linear control been used in DVR 

are feed forward control, feedback control and composite control. Feed forward control is a simple method of 

DVR. The feed forward control technique does not sense the load voltage and it calculates the injected voltage 

based on the difference between the pre-sag and during-sag voltages. The feedback control strategy measures 

the load and the difference between the voltage reference of the load and actual load voltage is injected voltage 

required. Composite control strategy is a control method with grid voltage feed forward and load side voltage 

feedback, which has the strengths of feed-forward and feedback control strategy, so it can improve voltage 

compensation effect. The combination with feed forward control can improve the system dynamic response rate, 

shortening the time of compensation significantly.  

II. Non Linear Control: 

Due to the usage of power semiconductor switches in the VSI, then the DVR is categorized as non-linear device. 

In case of when the system is unstable, the model developed does not explicitly control target so all the linear 

control methods cannot work properly due to their limitation. In the non-linear control following methods are 

used. 

 a)   Artificial neural network control  

      b)   Fuzzy logic control  

      c)   Space Vector PWM control  

 

VII. CONCLUSION 

 

A review of performance of DVR is presented in this paper. It shows that DVR is suitable for voltage sag and 

swell mitigation by the use of different control techniques. The basic structure of DVR, operating modes, 

compensation techniques and control strategies are discussed in detail. DVR has the advantage of low cost, 

requires less computational efforts and its control is simple as compared to other methods. DVR provides 

simpler implementation for voltage profile improvement. Linear controllers provide simpler operation and less 

computational efforts when compared to other methods. 
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