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Abstract: Power quality is one of the most important worry in the present power system. When the voltage sag, voltage swell, harmonic 

content etc., occurs then the key effect on the industrial consumer loads. To manage these events several custom power apparatuses are 

used. DVR is the power apparatus is utilized to improve the voltage stability i.e., to control the power quality situations in the power 

system. DVR is a custom power device used for mitigation of voltage sag, voltage swell. DVR is the grouping of voltage source inverter 

(VSI), booster transformer, filter and a DC energy source. DVR is to add voltage in series and in synchronism with the normal voltages 

to give back the voltage influences and improving power quality. There is several control techniques are presented for the operation of 

DVR. Here space vector PWM (SVPWM) control technique is used to produce the switching pulses for DVR. The projected system is 

designed in MATLAB software and the result shows the significance of DVR for better power quality in distribution systems. 
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MATLAB. 
 
1. Introduction 
 
Today’s world has become typically dependent upon the 
constant availability of electrical power. Commercial power 
accurately enables today’s contemporary world to function at 
its busy pace. Many problems associated with the 
commercial power grid, which with its thousands of kms of 
transmission is subjected to weather circumstances like 
hurricanes, lightening storms, snow, ice and floods along 
with equipment failure, and switching operations. Power 
quality may effect due to these disturbances and there may be 
change in the power constraints like voltage, current, or 
frequency. Today’s economical and contest between utilities. 
The problem associated with the power quality is more 
important. Voltage sag is the short drop in the voltage 
waveform. This depends upon amplitude and time. 
 
Now a day’s more attention on the distribution system to 
improve power quality, these devices are modified and 
known as custom power devices. The term custom power 
describes the value added power to the electrical utilities will 
offer to their customers. The main custom power devices 
which are used In distribution systems for power quality 
improvement are Distributed Static Synchronous 
Compensator (DSTATCOM), Dynamic voltage restorer 
(DVR), Active Filters (AF), Unified Power Quality 
Conditioner (UPFC), Surge Arresters (SA). These custom 
power devices were first proposed by N.G.Hingirani. DVR 
can solve the problems like voltage sag, voltage swell, and 
power factor correction harmonics.  
 
In this paper space vector pulse width modulation technique 
is used for controlling the generation of switching pulses for 
the inverter of DVR. 
 

2. Dynamic Voltage Restorer 
 
DVR is primary application to compensate for voltage sags 
and swells. However the control techniques are different. 
Also, a DVR is expected to respond fast and they utilize 
PWM converters with IGBT or IGCT devices. The first DVR 
entered into the commercial service on the Duke Power 
System in USA. DVR can inject the voltage in each phase of 
necessary magnitude and phase. DVR response for the 
voltage changes is very fast it is in the order of milliseconds.  
 
2.1. Design requirements for DVR: 
 
DVR is commonly connected in series with the line to boost 
the drooped voltage through the boost or injection 
transformers. It can also eliminate the harmonics. 
 
2.1.1. Switching apparatus: There are 4 main types of 
switching devices MOSFET’s, GTO’s, IGBT’s, IGCT’s. 
Each type has its own benefits and drawbacks. 
2.1.2. Booster transformer: The transformer size depends 
on the saturation. To minimize the saturation, coupling 
transformer is required as a part of DVR. The total device 
cost depends on the transformer cost. 
 
2.1.3. Supply side transformer:  It is important to detect the 
supply side disturbances very accurately. It is main task for 
the operation of DVR. 
 
2.1.4. Voltage restoration:  At the time of restoration, for 
the voltage injection the DC link voltage maintained at 
correct level. So, DC capacitor bank is used. 
 
2.1.5. Voltage control: Voltage control should be provided 
in such a way that it control the DVR system parameters. 
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2.2. General structure of DVR: 
 
The following figure shows the general structure of DVR 
The power circuit of DVR has the following components 
 
2.2.1. Boost or injection transformer: 
The power is transferred to secondary side with the help of 
booster transformer. 
 

 
Figure 1: general structure of DVR 

 
2.2.2. Filters 
The harmonic contents generated in the pulse width 
modulation can be eliminated by using filters. 
 
2.2.3. Voltage source converter 
Voltage source converter is power electronics system and 
associated with storage device and switching devices, which 
can generates a sinusoidal voltage at any required frequency, 
magnitude, and phase angle. Here we are converting DC 
voltage waveform to AC voltage waveform. 
 
2.2.4. Storage device 
This device is required to supply active power to the load at 
the time of deep voltage sags. It is used to supply required 
energy for generation of injection voltage to voltage source 
converter via DC link. 
 
2.2.5. Capacitor 
DVR has the capacitor with large rating. It provides proper 
DC voltage as a input for voltage source converter.    
 
2.3. Working of DVR 
There are three types of working modes i.e., Protection 
mode, Standby mode, Boost mode of operation for dynamic 
voltage restorer. 
 
2.3.1. Protection mode:   
In this mode of operation, if the current on the load side 
exceeds a tolerable limit due to any fault or short circuit on 
the load, DVR will isolate from the system 
 
2.3.2. Standby mode: 
In this mode of operation, the voltage winding of the 
injection transformer is short circuited through converter. 
 

2.3.3. Injection/Boost mode: 
In this mode of operation the DVR is injecting a 
compensating voltage through the injection transformer due 
to the detection of a disturbance in the supply voltage. 
 
3. Space Vector Pulse Width Modulation 
 
The control of DVR is relates with the finding of voltage sag, 
swell and injecting voltage. 
 
Structure of DVR by using space vector PWM           
 
Following figure give details about the control diagram of 
DVR with space vector PWM control technique. It consists 
of inverter, storage device, booster/injection transformer and 
space vector PWM controller. SVPWM controller requires 
two signals one is from supply side and other is from. By 
comparing these two signals and produce switching pattern 
booster/injection transformer which is voltage injected by the 
DVR. 

 
Figure 2: structure of DVR with space vector PWM control 

technique. 
 
The space vector PWM generation module recognizes the 
modulation index command and generates the proper gate 
drive waveforms for each PWM cycle. A three phase 2 level 
inverter with dc link can have eight possible switching states, 
which produces output voltage of the inverter. Each inverter 
switching state generate a voltage space vector (V1 to V6 
active vectors, V7 and V8 zero voltage vectors) in the space 
vector plane. 
 

 
Figure 3: Three Phase voltage source PWM inverter 

 
S1 to S6 are the six power switches that shape the output, 
which are prohibited by the switching variables a, a′, b, b′, c 
and c′. When an upper transistor is switched on, i.e., when a, 
b or c is 1, the corresponding lower transistor is switched off, 
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i.e., the corresponding a′, b′ or c′ is 0. The relationship 
between the switching variable vector [a, b, c]t and the line-
to line voltage. 
Vector [Vab Vbc Vca]t  is given in the following: 

  

Also, the relationship between the switching uneven vector 
[a, b, c]t and the phase voltage vector [Va Vb Vc]t  can be 
expressed below. 

  

To apply the space vector PWM, the voltage equations in abc 
frame can be transferred into dq reference frame. 
The purpose of space vector PWM technique is to estimate 
the reference voltage vector Vref using the eight switching 
patterns. 

 
Figure4: switching vectors and sectors. 

 
One simple method of estimation is to produce the average 
output of the inverter in a small period, T to be the same as 
that of Vref in the same period. 
 
Space vector PWM can be implemented by the following 
steps: 
Step 1. Determine Vd, Vq, Vref, and angle (α) 
Step 2. Determine time duration T1, T2, T0 
Step 3. Determine the switching time of each transistor (S1 
to S6) 
Step1: Determine Vd, Vq, Vref, and angle (α) 

=2/3  

=  
∴ α= = =2 , where f=fundamental frequency 

 
Figure 5: Voltage Space Vector and its components in (d, q). 

Step 2: Determine time duration T1, T2, T0 
T1 = ( ) 

T2 = (  
T0=Tz-T1-T2 

where, n = 1 through 6 (that is,Sector1 to 6) 
0≤ α ≤600 

 
Figure 6: Reference vector as a combination of adjacent 

vectors at sector 1 
 

Step3: Determine the switching time of each transistor (s1 
to s2) 
Space vector PWM switching pattern at each sector is as 
shown below. 
 

 
a) Sector 1 

 

 
b) Sector 2 
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c) Sector 3 

 
d) Sector 4 

 
e) Sector 5 

 
f) Sector 6 

Figure6: The switching time at each sector is shown in table. 
 
 
 
 
 
 

Table: switching time calculation at each vector. 
Sector Upper Switches (S1, 

S3, S5) 
Lower Switches (S4, 

S6, S2) 
1 S1 =T1+T2+T0/2 

S3=T2+T0/2 
S5=T0/2 

S4=T0/2 
S6=T1+T0/2 

S2= T1+T2+T0/2 
2 S1 =T1+ T0/2 

S3=T1+T2+T0/2 
S5=T0/2 

S4=T2+T0/2 
S6=T0/2 

S2= T1+T2+T0/2 
3 S1 =T0/2 

S3=T1+T2+T0/2 
S5=T2+T0/2 

S4=T1+T2+T0/2 
S6=T0/2 

S2= T1+T0/2 
4 S1 =T0/2 

S3=T1+T0/2 
S5=T1+T2+T0/2 

S4=T1+T2+T0/2 
S6=T2+T0/2 

S2= T0/2 
5 S1 =T2+T0/2 

S3=T0/2 
S5=T1+T2+T0/2 

S4=T1+T0/2 
S6=T1+T2+T0/2 

S2= T0/2 
6 S1 =T1+T2+T0/2 

S3=T0/2 
S5=T1+T0/2 

S4=T0/2 
S6=T1+T2+T0/2 

S2= T2+T0/2 
 
4. Matlab Simulation Results 

 

 
Figure 7: three phase voltage waveforms without DVR 

compensation 

 
Figure 8: three phase voltage injected by DVR 

 
Figure 9: three phase voltage waveforms with DVR 

compensation 
 

5. Conclusion 
 
This gives better solution for power quality problems, 
because the power quality problems can have an effect on 
various customers. Most of the industries consist of large 
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number of power electronics devices and energy resourceful 
apparatus these are more susceptible to the unbalance in the 
input supply voltage. They can introduce the power quality 
problems. In these days issues of power quality is most 
important for customer. So for this custom power device, 
Dynamic Voltage Restorer (DVR) is used to mitigate these 
power quality problems, also it shows that the space vector 
pulse width modulation control technique is very good 
technique for dynamic voltage restorer as it plays an 
important role in mitigation of voltage sag, voltage swell, 
harmonics etc. 
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