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Abstract - The power quality is one of the major problems 

in power system environment. Some situations like voltage sag 

or swell, harmonic content and so on and its major effect on 

load side. To face these problems custom power devices are 

utilized. Sensitive loads have to serve impact on itself due to 

voltage sag and swell. The dynamic voltage restorer (DVR) is a 

power custom device used in power distribution network. This 

device has much quality like fast flexible and efficient solution 

to voltage sag problem. The principle of DVR is utilized to 

inject the voltage in series and synchronism with standard 

voltage. The important parts of DVR are voltage source 

inverter (VSI), boost transformer, filter and DC energy source. 

This device has great performance in protecting the critical 

load from voltage sag and swell problems. So, I am preferring 

this device for my design work to protect the critical loads. By 

using DVR, I will compensate the voltage fluctuation problem 

in the power distribution network. 
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1. INTRODUCTION  
 
               The power distribution network should provide 
their customers with an uninterruptable power flow of 
energy with smooth sinusoidal voltage. The distribution 
system has number if nonlinear loads which affects the 
quality of power supply. As a result of nonlinear loads, the 
purity of waveforms of supply is lost. part from nonlinear 
load capacitor switching, motor starting and unusual faults 
causes power quality problems. The power quality problem 
is defined as deviation of voltage and current from its ideal 
waveform. Faults at either transmission or distribution may 
cause voltage sag or swell in the entire system. Voltage sag 
and swell cause sensitive equipment to fail and create large 
current unbalance. This effect cause equipment damage.  

               There are many different methods to mitigate 
voltage sag and swell problems but use of custom power 
device is very efficient method. The term custom power 
means use of power electronics controller in distribution 
system. Custom power assures the customer to get pre-
satisfied quality and reliability of supply. There are different 
types of custom power devices available to improve power 

quality problems. But compared to the other devices’ DVR is 
best economic solution for this problem. 

            To get higher output voltage from three phase inverter 
there is need to reduce switching losses of inverter. This is 
achieved by selecting proper switching sequence pattern for 
the inverter. To fulfill this requirement PWM technique have 
been developed. There are number of modulation techniques 
from which space vector PWM is very popular. There are 
different control methods for controlling the DVR among all 
the methods the SVPWM i.e. Space Vector Pulse Width 
Modulation is very effective 

1.1 PROBLEM STATEMENT AND PROBLEM 
DEFINATION 

 
                         The power quality issues are big problems for 
sensitive load. To protect the load there is need to use power 
custom devices. From different types of power custom 
devices, the DVR is most efficient and reasonable option. But 
the inverter of DVR has switching losses and harmonic 
distortion which affects the total output voltage of DVR. 
There is need to reduce the switching losses and total 
harmonic distortion of inverter. As shown in following 
equation we have to reduce the value of total harmonic 
distortion (THD). 

 
2. Dynamic Voltage Restorer 
 
    The DVR is a mostly used power custom device. The main 
function of DVR is reducing the voltage sag problem and 
protect the sensitive loads. They have been designed to 
compensate the voltage sag 35% for duration of time less than 
half a second. A DVR is connected in series with feeder using 
an injection or coupling transformer. The objective of DVR is 
mainly to regulate voltage at load bus, it remains most of the 
time in standby mode during which the converter is bypassed. 
Only when the voltage sag is detected, the DVR injects a series 
voltage of required magnitude. A DVR with power electronics 
device can be controlled to act as a series active filter to isolate 
the load from voltage harmonics on source side. It is also 
possible to balance the voltage on the load side by injection 
negative or zero sequence voltage in addition to harmonic 
voltage. The schematic representation of DVR is shown in 
following fig. (1). 
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Fig.1 Schematic Representation of DVR 

3. Control Technique 
 
      There are many types of control techniques for inverter 
switches among which the space vector pulse width 
modulation i.e. SVPWM is widely used. The SVPWM is gives 
very superior output than any other technique. It provides 
special switching for three upper power switches of three 
phase inverter. It also utilizes supply voltage more 
efficiently. In this method the magnitude of frequency of 
reference voltage vector is used to control the magnitude 
and frequency of fundamental voltage. 
 
       In this method the three phase quantities Va, Vb, Vc in 
abc coordinate system can be transformed into α-β 

coordinate system using the following equation, 

 
 
Two axis stationary to two axis rotating frame 

transformations are obtained by using following equations, 

 
So, we get the values of Vref and α as per following 
equations, 

 
 

4. Fuzzy Logic Controller 
 
      In fuzzy logic, basic control is determined by aet of 
linguistic rules which are determined by the system. Since 
numerical variables are converted into linguistic variables, 
mathematical modeling of system is not required. The fuzzy 
logic controller is proposed for controlling the inverter 
action. It has two real time inputs measured at every sample 
time, named as error and error rate and one output named 
actuating signal for each phase. The input signal is fuzzified 
and represented in fuzzy set notations as membership 
functions. The defined rules produce output signal and these 
signals are de-fuzzified in analog control signals for 
comparing with carrier signal to control PWM inverter. The 
following fig. (2) shows the block diagram of fuzzy logic 
controller. 

 
Fig.2 Block diagram of proposed control system 

 

5. Simulink Model of DVR with SVPWM and THD 
Analysis 

 
Fig.3 Simulink Model of DVR with SVPWM 

 

 
Fig.4Gate Control using SVPWM Technique 
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The Simulink model for SVPWM is shown in fig.3. and the 
gate control of inverter switches is shown in fig.4. The three-
phase sinusoidal voltage is converted into two phase system 
using Clark’s transformation. Then two-phase equivalent is 
transformed into polar. From this get the two output first is 
magnitude of reference and second is angle of reference. 
For a given magnitude and position and vref can be 
synthesized using three nearest stationary vectors based on 
the switching states so the gate signals for active switches 
can be generated. when vref passes through the sectors 
various sets of switches will be turned on or off. as a result, 
when vref rotates one revolution, the inverter output voltage 
completes one cycle. Thus, the output of inverter block is 
phase voltages. The total harmonics distortion of simulated 
is shown in following fig.    
 

 
 

Fig.5 THD analysis of Inverter using SVPWM 

 
As shown in above fig.5 the THD using SVPWM control 
technique is 0.78%. 
 
6. Simulink Model of DVR with PI Controller  

 
Fig.6 Simulink Model of PI Controller for DVR 

 
Fig.7 Subsystem of DVR with PI controller 

 
The main function of PI controller is utilizing the error 
signals from comparator to trigger inverter switches. The 
above fig.3 shows MATLAB Simulink model of PI controller 
for DVR. The result of this model is sown in following figures 
which will be used for comparison with fuzzy logic 
controller-based DVR. 

 
7. THD Analysis of PI Controller Based DVR 
 

 
 

Fig.8 THD of the output voltage of inverter using PI 
Controller 

 
The above fig.8 shows the THD of two-level inverter using PI 
controller. The THD of inverter with PI controller is 1.53%. 
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8. Simulink Model of DVR with Fuzzy Logic 
Controller 

 

Fig.9 Simulink Model of DVR with Fuzzy Logic Controller 

 

Fig.10 Fuzzy Interface System 

Fuzzy logic rules are framed using input and output 
membership function. After framing the rules, the SVM is 
replaced by fuzzy logic control toolbox and then fuzzy file 
will call from FLC toolbox to run the simulation model. The 
THD analysis of DVR with fuzzy controller is shown in 
following fig.11. 

9. THD Analysis of DVR with Fuzzy Controller 

 

Fig.11 THD Analysis of DVR with Fuzzy Controller 

As shown in above fig.11 the THD using fuzzy controller is 
0.95%. 

 

10. CONCLUSIONS 
 
       This paper is very helpful for selecting the appropriate 
method for control of DVR. By comparing the fuzzy and 
SVPWM with PI controller will be helpful to getting the 
precise control of DVR with minimum losses and with less 
total harmonics distortion (THD). 
 
      From the THD analysis of SVPWM, fuzzy and PI it shows 
that the SVPWM and Fuzzy have very less THD as compared 
to the PI controller. So, the SVPWM and fuzzy logic controller 
are good choice to use over the PI controller technique. 
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