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Abstract: Wind power energy is playing a major role in 

power industry. With the increase in application of wind 

power variety of new topologies are coming into picture. 

Among the different form of variable speed fixed frequency 

topologies DFIG is most popular form due to its efficiency 

and ability to allow wide range of speed variation at 

reduced converter size. In this theses work when grid 

voltage variation occurs, the dc link voltage also varies, 

ultimately rotor input voltage varies. This causes abnormal 

input of reactive power to rotor circuit this is noticed when 

a simulation model is simulated using MATLAB The 

compensation of voltage sag is done by a custom power 

device, known as Dynamic Voltage Restorer (DVR).the  

model is subjected  to fast load change and correctively the 

voltage sag is maintained and 28 % power quality with 

harmonic distortion were improved. 
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I. INTRODUCTION 

Dynamic Voltage Restorer (DVR), is mostly employed in 

power distribution network to protect any voltage variation at 

the load bus connected to the sensitive and critical electrical 

units. The DVR is a series connected custom power device 
used to mitigate the voltage unbalance, sags, swells, 

harmonics and any abrupt changes due to abnormal 

conditions in the system. A dynamic voltage restorer (DVR) 

is a solid state inverter based on injection of voltage in 

serieswith a power distribution system. The DC side of DVR 

is connected to an energy source oran energy storage device, 

while its ac side is connected to the distribution feeder by a 

three-phaseinterfacing transformer. 

 
Single line representation of DVR 

Recently power quality has become one of the most studied 

topics in electrical engineering. Power quality is becoming 

important in performance of many industrial applications  

such  as  information technology, significant influence on 

high technology devices related to communication, advanced 

control, automation, precise manufacturing technique and on- 

line service. Thus, power quality is obtaining increasing 

attention by both industrial as well as commercial electrical  

 

users .Power quality can be defined as having a bus voltage 

that closely resembles a sinusoidal waveform of required 

magnitude. Power quality problems include transients, sags,   

interruptions and other distortions to the sinusoidal wave-

form .The power quality problem that is common in almost 
all distribution system is voltage sags/swells. The voltage sag 

is defined as a short duration reductions in the rms supply 

voltage that can last a few milliseconds to a few cycles, with 

reduction in voltage. voltage sag can also be defined as   a 

sudden short duration Reduction in voltage magnitude 

between 0.1 and 0.9 p.u compared to nominal voltage. 

Voltage sags originate from faults on the transmission and 

distribution systems that  are  caused  by  various  events,  

such  as  animal contact, storms, equipment failure, insulator 

failures. Voltage sags are considered as a dominant 

disturbance affecting on power quality . Voltage sag is one 
of most important power quality issues because the 

increasing usage of voltage sensitivity devices has made 

industrial processes more susceptible to supply voltage . 

Custom power devices are mainly used in voltage sag 

mitigation, protection and control of sensitive loads, reactive 

power and voltage regulation and harmonic elimination 

applications. There are different methods which have been 

proposed to mitigate the voltage sags like Uninterruptible 

Power Supplies (UPS), network reconfiguration devices like 

Static Transfer Switches (STS), DSTATCOM and series 

compensating devices like Dynamic Voltage Restorers 

(DVR) . Due to its excellent dynamic capabilities, DVR is 
well suited to protect critical or sensitive load from short 

duration voltage dips or swells. When a fault occurs in a 

distribution network, a sudden voltage dip will appear on 

adjacent load feeders. With a DVR installed on a critical load 

feeder, the line voltage is restored to its nominal value within 

the response time of a few milliseconds thus avoiding any 

power disruption to the load. Dynamic voltage restorer can 

be controlled by controlling its inverter by using various 

linear and non- linear control methods, like feed forward 

control, feedback control, composite control, ANN control, 

Fuzzy control, no deadbeat control  and space  vector 
control. Fuzzy logic controllers (FLCs) have generated a 

good deal of interest in certain applications. The advantages 

of FLCs over conventional controllers are that they do not 

need an accurate mathematical model, they can work with 

imprecise inputs, can handle non-linearity, and they are more 

robust than conventional nonlinear controllers. 

Operating principle  

A DVR is one of the most efficient and modern custom 

power device used in power distribution networks .A DVR is 

a series-connected solid-state device that injects voltage into 
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the system in order to regulate the load side voltage. It is 

normally installed in a distribution system between the 

supply and a critical load feeder at the so-called point of 

common coupling (PCC).Its primary function is to rapidly 
boost up the load-side voltage in the event of voltage sag in 

order to avoid any power disruption to that load. There are 

various circuit topologies and control schemes that can be 

used to implement a DVR The DC energy storage device 

provides the real power requirement of the DVR during 

compensation. Various storage technologies haveBeen 

proposed including flywheel energy storage super-conducting 

magnetic energy storage (SMES) and Super capacitors. 

These have the advantage of fast response. An alternative is 

the use of lead-acid battery [16, 17]. Batteries were until now 

considered of limited suitability for DVR applications since it 

takes considerable time to 
Remove energy from them.Finally, conventional capacitors 

also can be used. 

 
A complete internal diagram of DVR 

 
Power transmission contingencies: 

The best known disturbances of the voltage waveform are 

voltage sags and swells, harmonics, and voltage imbalances. 

These can be seen through the figure shown below. These 

types of contingencies occur when they are subjected to 

sensitive load changes towards the distribution side. 

 
 

DFIGPARAMETERS 

SLNO PARAMETERNAME RATING 

1. Rated Power 2.00MVA 

2. Rated Voltage 690V 

3. Rated Current 2.00KA 

4. Rated Frequency 50Hz 

5. Pole Numbers 4no 

6. Stator Resistance 0.34p.u. 

7. Rotor Resistance 0.009p.u. 

8. Stator Leakage Inductance 0.105p.u. 

9. Rotor Leakage Inductance 0.111p.u. 

10. Magnetic Inductance 3.34p.u. 

11. Magnetic Resistance 47.61p.u. 

12. Angular Moment Of Inertia 3.825p.u. 

13 Mechanical Damping 0.01p.u. 

 

7.1.2 WINDTURBINEPARAMETERS 

SLNO PARAMETERNAME RATING 

1. Turbine Rotor Speed Range 9-19RPM 

2. Rated Rotor Speed 1500RPM 

3. Rated Wind Speed 13m/s 

4. Turbine Tower Height 80m 

5. Rotor Diameter 80m 

7. Gear Box Ratio 1:100 

 

II. COMPLETE CIRCUIT GRID 

CONVERTERCONTROL MODEL 
Figure below shows the matlab/Simulink diagram of DVR 

compensated network 

 
Fig 7.1.2. simulation MATLAB complete circuit model 

Fig 7.1.2 shows an open loop control output of a VSI 

converter. This shows that in open loop system, dc link 
voltage fluctuation is very large. To achieve minimum 

fluctuation, we have to increase the DC link capacitor size, 

which will be difficult to implement in practical case. So we 

adopt an advance control scheme for GSC such as vector 

control scheme. 

 

7.3 PROPOSED CONTROL METHOD OF DVR 

DVR can be controlled by controlling its inverter. The 

control unit gives information on required voltage to be 

inserted and its duration during sag. Inverter is the core 
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component of DVR. The control strategy of inverter will 

directly affect the performance of the DVR.  Since numerical 

variables are changed over into phonetic variables, scientific 

demonstrating of the framework is not required. 
 

7.3.1 MODEL OF DVR 

MATLAB simulink programming is utilized for reenactment 

and results. Simulink is a product bundle for displaying, 

reproducing and dissecting dynamic frameworks. It bolsters 

straight and non-direct frameworks displayed in consistent 

time, tested time or a half and half of the two Simulink 

incorporates a complete square library of sinks, sources, 

direct and non-direct segments and connectors. It has a broad 

control library that permits simple usage of any control 

calculation, including direct control, fluffy rationale, neural 

systems and others. The DVR utilizes self-commutating 
IGBT strong state power electronic changes to moderate 

voltage hangs in the framework. The voltage controlled three 

single-stage full scaffold PWM inverters are utilized to create 

remunerating voltage. The exchanging recurrence of the 

inverters is 3 kHz. Three of single-phase inverters are 

connected to the common DC voltage source.  The DC 

voltage source is an  external  source supplying DC voltage 

to the inverter for AC voltage generation. The three 

600/10000 V (rms) single-phase injection transformers boost 

the output waveform of the inverter unit and supplies voltage 

to load side , where the voltage is further stepped down to 0.4 
kv for sensitive load (load to be protected).The circuit 

breakers are  placed in the circuit with the injection 

transformers allowing the protection of the DVR. 

7.3.2 Proposed DVR Configuration 

The DVR uses self-commutating IGBT solid-state power 

electronic switches to mitigate voltage sags in the system. 

The voltage controlled three single-phase full bridge PWM 

inverters are used to produce compensating voltage. The 

switching frequency of the inverters is 3 kHz. Three of 

single-phase inverters are connected to the common DC 

voltage source.  The DC voltage source is an  external  source 
supplying DC voltage to the inverter for AC voltage 

generation. The three 600/10000 V (rms) single-phase 

injection transformers boost the output waveform of the 

inverter unit and supplies voltage to load side , where the 

voltage is further stepped down to 0.4 kv for sensitive load 

(load to be protected).The circuit breakers are  placed in the 

circuit with the injection transformers allowing the protection 

of the DVR. 

 
Fig 7.3.1Singlelinediagramofsystem 

Simulink Model of DVR connected to a distribution network 

(voltage sag produced through load) The power circuit of 

 DVR  systems  can  be represented as a  three-phase 

 equivalent  circuit  as shown in Fig 

 
Fig 7.3.2 Equivalent three phase circuit diagram for DVR 

 

III. SIMULATIONS AND RESULTS 

The system runs at 50 Hz frequency and total simulation 

time is chosen to be 0.35 seconds in each case. The scope 

connected to the V-I measurements at supply side as shown 
in fig 7.5.1 

 
Fig 7.5.1. Voltage Sag due to DFIG/disturbances 

load side gives the simulations of supply voltage having sag 

and the voltage across load. We have taken DFIG and three 

phase programmable sources. The disadvantage of DFIG as a 

source is that it creates voltage misbalance in the system due 

to which sag is produced. In Fig 7.5.2 it is observed that 
initially there is no voltage injection and power flow from 

DVR to the system. As no voltage sag is sensed. As soon as 

the load becomes unbalanced the voltage sag occurs.  

 
Fig 7.5.2 . Voltage Sag due to DFIG/disturbances 
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After the occurrence of Voltage Sag DVR comes into action 

and injects voltage which somewhat lessen the sag. Thus the 

system becomes more stable.as shown in fig 7.5.3 and 

7.5.4.the sensing of DFIG disturbances by the DVR results in 
a rectified output voltage profile in which the voltage sag is 

compensated. the proposed methodology proves very unique 

that rectified the critical load changes disturbance problem. 

 

The primary task of DVR is providing the high quality 

voltage to the critical loads. DVR enable the proposed system 

for providing a good power and voltage quality to the critical 

load. The controller output signals stabilize when all the 

phase voltages of the load attain the desired value. DVR 

gives high performance in injecting the more in-phase 

voltage with proper polarity and phase angle. 

 
Fig 7.5.3. Injected Voltage due to DVR 

 
Fig7.5.4. Final rectified voltage by DVR 

 
Fig 7.5.5. capacitor voltage output 

The Fig 7.5.5. illustrates how quickly the DVR responds for 

sudden changes to keep the sensitive load voltages at 

reference value. The calculated injection voltages exactly 

compensate the sag because the controller exactly calculates 
the missing voltage. Also the exponential rising curve of 

energy storage device above depicts that the sensing done by 

DVR for voltage sag and response given by capacitor storage 

resolves the problem, the single-phase PWM inverters 

managed by the control system generate the three distinct 

series inverter output voltages to compensate the source 

voltages at different sag level.  

 

IV. CONCLUSION 

The proposed DVR for 10kV distribution line has been 

assumed to be located in medium voltage distribution 

network level and it can mitigate three-phase sags The DVR 
has been designed with special importance at the control of 

PWM inverter i.e. fuzzy logic control. On the distribution 

side there is always a probability of highly sensitive load like 

hospitals ,communities etc and therefore on switching 

multiple loads the voltage profile experiences a jerk sag 

which can damage the load hence voltage profile needs to be 

maintained which is dine through fuzzy logic controlled 

DVR.  
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