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Abstract: The Dynamic Voltage Restorer (DVR) is fast, flexible and efficient solution 
to voltage sag problem. The DVR is a power electronic based device that provides 
three-phase controllable voltage source, whose voltage vector (magnitude and angle) 
adds to the source voltage during sag event, to restore the load voltage to pre-sag 
conditions. The DVR is designed for protecting the whole plant with loads in the range 
of some MVA. The DVR can restore the load voltage within few milliseconds.  
Several configurations and control methods are proposed for the DVR. In this paper, an 
overview of the DVR, its functions, configurations, components, compensating 
strategies and control methods are reviewed along with the device capabilities and 
limitations. 
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1. Introduction 
 The Dynamic Voltage Restorer (DVR), also referred to as the Series Voltage Booster 
(SVB) or the Static Series Compensator (SSC), is a device that utilizes solid state (or static) 
power electronic components, and is connected in series to the utility primary distribution 
circuit. The DVR provides three phase controllable voltage, whose vector (magnitude and 
angle) adds to the source voltage to restore the load voltage to pre-sag conditions [1].  

Figure 1. Role and Location of the DVR 
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Figure 1 is a simplified circuit for the role and location of the DVR in the distribution 
system. When a fault occurs on the line feeding Load 1, its voltage collapses to zero. Load 2 
voltage experiences a sag which magnitude is equal to the voltage at the PCC, and the voltage 
of the sensitive load protected by the DVR is restored to its prefault value [2]. 

 
2. DVR Basic Configuration and Components 

 
 
 
 
 
 
 
 
 

Figure 2. Basic Components of a DVR 
 

The main components of the DVR are shown in Figure 2 and are summarized hereafter [1-5]: 

A. Energy Storage Unit 

 
 
 
 
 
 
 
 

 
Figure 3. DVR with supply rectified energy 

 
During a voltage sag, the DVR injects a voltage to restore the load supply voltages. The 

DVR needs a source for this energy. Two types of system are considered; one using stored 
energy to supply the delivered power as shown in Figure 2, and the other having no internal 
energy storage, where energy is taken from the incoming supply through a shunt converter as 
shown in Figure 3. 

 
B.  Inverter Circuit 
 The Voltage Source Inverter (VSI) or simply the inverter, converts the dc voltage from the 
energy storage unit (or the dc link) to a controllable three phase ac voltage. The inverter 
switches are normally fired using a sinusoidal Pulse Width Modulation (PWM) scheme. 

Since the vast majority of voltage sags seen on utility systems are unbalanced, the VSI will 
often operate with unbalanced switching functions for the three phases, and must therefore treat 
each phase independently. Moreover, a sag on one phase may result in a swell on another 
phase, so the VSI must be capable of handling both sags and swells simultaneously. 

Another topology of the DVR is the use of multi-inverter system in cascade. This topology 
will add the voltage of the single cascaded inverters in series in order to obtain the desired 
inverter voltage. This method gets rid of the injection transformer used in the basic 
configuration of the DVR. This arrangement is often called a transformer-less or multilevel or 
a cascade inverter DVR [6-7]. 
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C. Filter Unit  

 

Figure 4. DVR with load side filter 

The nonlinear characteristics of semiconductor devices cause distorted waveforms 
associated with high frequency harmonics at the inverter output. To overcome this problem and 
provide high quality energy supply, a harmonic filtering unit is used.  These filters can be 
placed either in the inverter side as shown in Figure 2 or in the line side as shown in Figure 4. 

 
D. Series Injection Transformer 

Three single-phase injection transformers are used to inject the missing voltage to the system 
at the load bus. To integrate the injection transformer correctly into the DVR, the MVA rating, 
the primary winding voltage and current ratings, the turn-ratio and the short-circuit impedance 
values of transformers are required. The existence of the transformers allow for the design of 
the DVR in a lower voltage level, depending upon the stepping up ratio.  

3. Compensation Strategies 
Three compensation strategies are normally used for sag compensation [8-10]: 

A. Pre-sag Compensation  
 The DVR injects the difference (missing) voltage between during-sag and pre-sag voltages 
to the system, the DVR must compensate for both magnitude and angle, as shown in Figure 5. 
It is the best solution to obtain the same load voltage as the pre-fault voltage and is best suited 
for loads sensitive to phase angle jumps like angle-triggered thyristors-controlled loads.  

  

Figure 5. Pre-Sag compensation 
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B. In-phase Compensation  

 

Figure 6. In-phase Compensation 
(Magnitude compensation only) 

The injected voltage is in phase with supply voltage, as shown in Figure 6. 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 is satisfied. In this configuration, the 
DVR is designed to compensate the voltage magnitude only. This method is suitable for loads 
that can withstand phase angle jumps.  

 
C. Minimum (Optimized) Energy Injection  

The third strategy is the minimum energy injection, which depends on maximizing the 
active power supplied by the network (keeping the apparent power constant and decreasing the 
network reactive power) by minimizing the active power supplied by the compensator 
(increasing the reactive power supplied by the compensator), as shown in Figure 7.  

 
 

Figure 7. Energy optimized compensation  
 

4. Sag Detection Techniques  
A voltage sag detection technique detects the occurrence of the sag, the start point, the end 

point, sag depth (magnitude to be restored) and phase shift. Common voltage sag detection 
techniques are summarized as follows [11-12]: 
A. Peak value method 

The simplest method of monitoring the supply is to monitor the peak, or amplitude, of the 
supply voltage, then comparing it with a reference. A controller could be set to recognize if 
there is a difference greater than a specified value (10%) and switch in the inverter.  
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B. Root Mean Square (rms) method 
The start time of the sag can be defined as the first point of Vrms when drops below 0.9 pu. 

To find the end time of the sag, search for an interval where Vrms drops below 0.9 pu for at 
least half a cycle. The recovery time is then chosen as the first point in this interval.  
C. Fourier Transform (FT) 

The FT is achieved through orthogonal decomposition of power system signal. In general, 
a trigonometrically orthogonal function set or exponential orthogonal function set is utilized. 
By applying FT to each supply phase, it is possible to obtain the magnitude and phase of each 
of the frequency components of the supply waveform. For practical digital implementation 
Windowed Fast Fourier Transform (WFFT) is used, which can easily be implemented in real 
time control system. The only drawback of this method is that it takes one cycle to return the 
accurate information about the sag depth and its phase, since FT uses an averaging technique. 

 
D. Space Vector method 

The three phase voltages Vabc are transformed into a two dimension voltage Vdq, which in 
turn can be transferred into magnitude and angle. Any deviation in any quantity reveals the 
occurrence of an event. Comparing these quantities with reference ones will quantify the 
disturbance in the dq-frame, which had to be transformed back to the abc frame. This method 
has no time delay, yet requires complex controller. 

 
5. Control Techniques 
A. Linear Controllers  

The three main voltage controllers, which have been proposed in literature, are Feed-
forward (open loop), Feedback (closed loop) and Multi-loop controller [13-18].  

The feed-forward voltage controller is the primary choice for the DVR, because of its 
simplicity and fastness. The supply voltage is continuously monitored and compared with a 
reference voltage; if the difference exceeds a certain tolerance, the DVR injects the required 
voltage. The drawback of the open loop controller is the high steady state error. 

In the feedback control, the load voltage is measured and compared with the reference 
voltage, the missing voltage is supplied by the DVR at the supply bus in a feedback loop. This 
controller has the advantage of accurate response, but it is complex and time-delayed.  

Multi-loop control is used with an outer voltage loop to control the DVR voltage and an 
inner loop to control the load current. This method has the strengths of feed-forward and 
feedback control strategies, on the expense of complexity and time delay. 

 
B. Non-linear Controllers  

It appears that the nonlinear controller is more suitable than the linear type since the DVR 
is truly a non-linear system due to the presence of power semiconductor switches in the 
inverter bridge. The most non-linear controllers are the Artificial Neural Networks (ANN), 
Fuzzy Logic (FL) and Space Vector Pulse Width Modulation (SVPWM) [19-24].  

ANN control method has adaptive and self-organization capacity. The ANN has inherent 
learning capability that can give improved precision by interpolation.  

FL controllers are an attractive choice when precise mathematical formulations are not 
possible. When a FL controller is used, the tracking error and transient overshoots of PWM can 
be considerably reduced.  

SVPWM control strategy is to adopt a space vector of the inverter voltage to get better 
performance of the exchange is gained in low switching frequency conditions.  

 
6. Illustrative Case Study 
 In this illustrative study, the DVR control strategy is based on in-phase compensation 
strategy, as it will be much simpler and hence, the controller and consequently the response 
time will be faster. It is worth mentioning that, although the proposed DVR does not 
compensate for the phase angles, yet it tracks them. The sag detector block uses the traditional 
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FT to calculate both the magnitude and angle of the fundamental component of voltage, to 
make sure that the injected sine wave will be in-phase with the remaining sine wave during the 
sag event, to a have a constructive vector addition of the DVR and the supply voltages.  

In this study, a simple feed-foreword controller acquires its voltage values from the source, 
with no feedback from the load, aiming at simple and fast response.  

 
Figure 8 shows the block diagram of the proposed controller for the DVR.  

A. Sag Detector  
This includes determination of the sag start instant, the depth of the sag, the phase jump 

angle, and the sag end instant. In this study, the FT technique is used. It requires at least one 
operating cycle to detect the sag start / end events. 

The reference voltage is the supply 11 kV with certain tolerance. The DVR will not operate 
on small voltage variation events to keep the operational losses to a minimum. In this study, a 
tolerance of 550V (5% of rated voltage) is considered.   

Computation of the compensating voltage is done using a comparator with one input as the 
variable system voltage and the other input being the fixed reference voltage. The comparison 
(subtraction) is done for magnitude only, since the compensation strategy is the In-phase 
method. The output of the comparator determines the voltage required to be injected by the 
DVR, and is called the error signal.  

 
B. Generation of the Compensating Voltage  

The inverter is the core component of the DVR, and its control will directly affect the 
performance of the DVR. In the proposed DVR, a sinusoidal PWM scheme will be used. The 
inverter used in this study is a six-pulse inverter, the carrier waveform is a triangular wave with 
high frequency (1000 Hz in the study). The modulating index will vary according to the input 
error signal. 

The basic idea of PWM is to compare a sinusoidal control signal of normal 50 Hz 
frequency with a modulating (or carrier) triangular pulses of higher frequency. When the 
control signal is greater than the carrier signal, three switches of the six are turned on, and their 
counter switches are turned off. As the control signal is the error signal, therefore, the output of 
the inverter will represent the required compensation voltage. 

In this study, the frequency of the carrier waveform in the PWM is chosen to be 1000 Hz. 
The thyristors in the inverter circuit are chosen to be of type Integrated Gate Bipolar 

 
Figure 8. The block diagram of the proposed controller for the DVR 
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