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Abstract – The dynamic voltage restorer has been gaining 

acceptance as an effective device for voltage sag compensation. 

The compensation capability of a dynamic voltage restorer 

(DVR) depends primarily on the maximum voltage injection 

ability and the amount of stored energy available within the 

restorer. Voltage sag is the phenomenon occurring in 

distribution system. It is the decrease in r m s voltage for a short 

duration. The D V R is a power electronic device that is used to 

inject a three phase voltage in series and in synchronism with 

the distribution feeder voltages in order to compensate for 

voltage sag. In this paper shows the operation of D V R. The 

power circuit of a D V R with control techniques used for 

compensation of sag, swell, harmonics is explained. The D V R 

control system is explained and verified using simulation. Power 

quality disturbances is the major concern in the distribution 

system, that leads to tripping and malfunction of sensitive 

equipment in distribution system. A D V R can be used to 

mitigate the power quality issues by injecting/absorbing real and 

reactive power to the point of connection (PCC). This study 

presents how the D V R used to compensate the voltage sag, 

voltage swell, power factor problems and harmonics and thus to 

improve the distribution system performances. The complete 

model is subjected to, first without ANN and then with it using 

A N N. The results obtained in both the cases are analysed and 

found that proposed device quickly recognize the disturbances 

and correct all the power quality issues by injecting/absorbing 

the real/reactive power during power quality events with no/less 

distortions than conventional system. 

 

Keywords— Dynamic voltage restorer, artificial neural network, 

voltage source inverter, ultra capacitor, point of common coupling, 

insulated gate bipolar transistor. 

 

I.  INTRODUCTION 

The power quality issues are important topic in power 

systems. The dynamic voltage restorer can be used to 

mitigate the problem of voltage sag, voltage swell, harmonics 

etc. This project describes the problem of voltage sags and 

swells and its impacts on sensitive loads. The dynamic 

voltage restorer is a custom power device and it is a cost 

effective solution for the protection of sensitive loads from 

voltage sags and swells. The control of the compensation 

voltages in dynamic voltage is based on artificial neural 

network method. Simulation results are carried out by math 

lab for verify the performance of the proposed method. The 

power quality issues have become an increasing concern in 

distribution system due to the wide applications of sensitive 

load and disturbances. Poor power quality results in power 

disruption for the user and huge economic losses due to the 

interruption of production processes. The improvement or 

maintaining the power quality is an important concern. There 

are many power quality problems in the distribution system 

like, voltage sag, voltage swell, voltage flicker, harmonics, 

power factor problems, unbalances etc. Recently, the Power 

electronics converters/controllers are developed to provide 

the quality of power for both power suppliers and consumers. 

Now days a new concept of custom power devices is used for 

customer's satisfaction. In this work DV R is used to control 

the power quality issues. The DVR has emerged as a 

promising device to provide not only for voltage sag 

mitigation but a host of other power quality solutions such as 

voltage stabilization, flicker suppression, power factor 

correction and harmonic control and many control techniques 

have been developed to mitigate these problems also. Of all 

the rechargeable energy storage technologies, UCAPs are 

ideally suited for applications which need active power 

support in the milliseconds to seconds timescale. Therefore, 

UCAP-based integration into the DVR system is ideal, as the 

normal duration of momentary voltage sags and swells is in 

the milliseconds to seconds range. UCAPs have low-energy 

density and high-power density ideal characteristics for 

compensating voltage sags and voltage swells, which are both 

events that require high amount of power for short spans of 

time. UCAPs also have higher number of charge/discharge 

cycles when compared to batteries and for the same module 

size; UCAPs have higher terminal voltage when compared to 

batteries, which makes the integration easier. With the 

prevalence of renewable energy sources on the distribution 

grid and the corresponding increase in power quality 

problems, the need for DVRs on the distribution grid is 

increasing. Super capacitor-based energy storage integration 

into the DVR for the distribution grid is proposed. Various 

Power Quality mitigation schemes are based on inverter 

systems and control systems consisting of energy storage and 

switches. In this work, the DVR is treated. The main focus is 

on the converter topology for the DVR and its control system. 

Simulation of the compensator is performed using 

SIMULINK/MATLAB and performance results are 

presented. Ultra capacitors (UCAP) have low-energy density 

and high-power density ideal characteristics for compensation 

of voltage sags and voltage swells, which are both events that 

require high power for short spans of time. The novel 

contribution of this paper lies in the integration of 

rechargeable UCAP-based energy storage into the DVR 

topology. With this integration, the UCAP-DVR system will 

have active power capability and will be able to 
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independently compensate temporary voltage sags and swells 

without relying on the grid to compensate for faults on the 

grid like in the past. UCAP is integrated into dc-link of the 

DVR through a bidirectional dc–dc converter, which helps in 

providing a stiff dc-link voltage, and the integrated UCAP-

DVR system helps in compensating temporary voltage sags 

and voltage swells, which last from 3 s to 1 min. 

II. LITERATURE REVIEW 

The quality of power delivered to the end user is very 

important. The power quality is affected by various factors 

like voltage and frequency variations, presence of harmonics, 

faults in power network etc. Among them voltage variations 

(sag) is most important problem. There are many methods to 

mitigate voltage sag and among them the best way to connect 

a FACTS device at the point of interest. Yogesh Popat (2015) 

discuss DVR is used for these purpose. Here discusses how a 

DVR can be controlled to mitigate voltage sag. The structure 

and control strategies are presented. It discusses how a DVR 

can be used. It shows that multi-layer feed forward neural 

network controller based DVR for voltage sag mitigation. 

The D V R is a power electronic device that is used to inject a 

three phase voltage in series and in synchronism with the 

distribution feeder voltages in order to compensate for 

voltage sag. In this paper shows the operation of D V R. The 

power circuit of a D V R with control techniques used for 

compensation of sag, swell, harmonics is explained. The D V 

R control system is explained and verified using simulation. 

Power quality disturbances is the major concern in the 

distribution system, that leads to tripping and malfunction of 

sensitive equipment in distribution system. A D V R can be 

used to mitigate the power quality issues by 

injecting/absorbing real and reactive power to the point of 

connection (PCC). This study presents how the D V R used to 

compensate the voltage sag, voltage swell, power factor 

problems and harmonics and thus to improve the distribution 

system performances. The complete model is subjected to, 

first without ANN and then with it using A N N. The results 

obtained in both the cases are analysed and found that 

proposed device quickly recognize the disturbances and 

correct all the power quality issues by injecting/absorbing the 
real/reactive power during power quality events with no/less 

distortions than conventional system. 

 

 

 

 

 

 

 

 

 

 

 

SYSTEM PARAMETERS USED IN SIMULATION 
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III MODELLING AND ANALYSIS 
 

The power quality problems can arise in many ways in wind 

turbine system. Here it is used D V R system. A neural 

network controller is used, it also consists low pass filter, 

induction generator, source, load. It can be divided into four 

component blocks. Voltage source PWM inverter, Injection/ 

coupling transformer, Energy storage device, Filter unit. 
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Fig.1 Simulation diagram 

Three phase voltage equations used in this system (dq0 –abc 

transformation) are 

𝑉𝑎 = 𝑉𝑑 ∗ 𝑠𝑖𝑛𝜔𝑡 + 𝑉𝑞 ∗ 𝑐𝑜𝑠𝜔𝑡 + 𝑉0 

𝑉𝑏 = 𝑉𝑑 ∗ sin (𝜔𝑡 −
2𝜋

3
) + 𝑉𝑞 ∗ cos (𝜔𝑡 −

2𝜋

3
) + 𝑉0 

𝑉𝑐 = 𝑉𝑑 ∗ sin (𝜔𝑡 +
2𝜋

3
) + 𝑉𝑞 ∗ cos (𝜔𝑡 +

2𝜋

3
) + 𝑉0 

 

 
Fig: 2 voltage wave form across source side and injected voltage wave form 

 

The figure 2 shows input voltage wave form of wind system 

used. The injected voltage wave form is also shown in figure. 

It is used as a three phase voltage of 300 V used. 

 
Fig: 3 Voltage wave form from load side 

This figure 3 shows a three phase voltage from load side. 

Here shows that this wave form voltage sag is reduced and 

load voltage is a constant value. Voltage sag occurs short 

duration duration of time. The source side load uses a three 

phase breaker (2 nos.) with a breaker resistance 0.01 ohm and 

snubber resistance 1e6 ohm. A three phase series RLC load is 

used with nominal frequency of 60 Hz and active power is 

5e3 watt. In three phases transformer uses a three phases 

rated power is 6e6 VA. With a phase voltage of 250 V and 

330V in winding one and two. In three phases breaker uses a 

breaker resistance of 0.01 ohm and 1e6 ohm snubber 

resistance. In filter an L C filter is used with inductance of 

10e-3 Henry and capacitance of 900e-6 farad used. In super 

capacitor uses a rated capacitance of 9farad and rated voltage 

is 400V, leakage current is 5.2e-6A. 

 

Fig: 4 Inverter output 

 

Fig: 5 Simulation diagram for a wind system 

In the proposed system model in fig 1 consists a wind energy 

system is used as an input system is used as input system. In 

this system used as a wind turbine, permanent magnet 

synchronous machine. The stator windings are connected in 

wye to an internal neutral point. The three phase machine can 

have sinusoidal or trapezoidal back e m f wave form. The 

rotor can be round or salient pole for sinusoidal machine. It is 

round when the machine is trapezoidal. Pre-set models are 

available for the sinusoidal back e m f machine. The five 

phases has a sinusoidal back emf wave form and round rotor. 

Pre-set models are not available for this type of machine. 

Here number of phase is used is three, back e m f wave form 

is sinusoidal, round rotor type is used. Stator phase resistance 

used is 2.875 ohm. Armature inductance is 0.000835. 

In wind turbine implements a variable pitch wind turbine 

model. The performance coefficient (Cp) of the turbine is the 

mechanical output power of the turbine divided by wind 

power and a function of wind speed, rotational speed, pitch 

angle (beta). Cp reaches its maximum value at zero beta. 

Select wind turbine power characteristics display to plot the 

wind turbine characteristics at specified pitch angle. The first 

input is generator speed, in per unit of generator base speed. 

For synchronous or asynchronous generator base speed is 

synchronous speed. For a permanent magnet generator base 

speed is speed producing nominal voltage at no load. Second 

input is the blade pitch angle (beta) in degrees. Third input is 

wind speed in m/s. The output is the torque applied to 

generator shaft in per unit of generator ratings. The nominal 

mechanical power is used as 3e3 watt. Basic wind speed is 12 

m/s. Beta is taken as zero. 
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Fig: 6 simulation diagram for controller used 

 

A The Architecture of ANN 

In the architecture of artificial neural network (ANN). The 

ANN controller used in this control system, consists of three 

neuron layers, the input layer, the hidden layer and the output 

layer. The input layer offers connection point to transmit the 

input signal to the hidden layer. The latter begins the learning 

process and the output layer continues the learning process 

and provides outputs. 

The hidden layer neurons have a tan sigmoid transfer 

function, and the output layer neurons have a linear transfer 

function. The ANN has three inputs that are the three phase 

voltage errors of the IDVR. It also has three outputs that are 

the three switching functions of the inverter legs .The output 

of ANN controller is the reference variable for the PWM 

generator. Therefore, the output of ANN with varying 

amplitude and phase passes through a comparator and is 

compared with a carrier signal. When the ANN output’s 

magnitude is more than carrier signal’s magnitude, the PWM 

circuit generates high output and when the ANN output’s 

magnitude is less than carrier signal’s magnitude, the PWM 

circuit produces low output. The carrier signal is a saw tooth 

waveform at 20 kHz taking values between -1and 1 

B  Wind power 

Today’s energy situation requires the introduction of new 

generation methods. A potential new source is distributed 

generation of electricity from many relatively small and 

variable sources, harnessing local renewable forms of energy. 

Whilst centralized electricity generation systems tend to 

suggest favourable economics due to their scale, distributed 

generation systems can demonstrate higher efficiency through 

direct use of heat, lower transmission Such distributed 

systems will comprise of plant at many sites utilizing 

multiple sources of renewable energy. These pose a number 

of challenges to planners, designers and users alike, in 

particular if the plant is to operate for significant periods of 

time without an operational grid connection. In this case, 

performance will be a function of varying sources, load 

demands, and the ability to store energy. In addition, it is 

difficult to determine, in advance, the optimum relative 

proportions of, for example, photovoltaic generation capacity, 

wind generation capacity and battery capacity, for a given site 

(weather pattern) and required power availability. Much 

literature exists recognizing the importance of the 

optimization of remote renewable energy sites; generally split 

into three areas, sizing, control and both. Significant work 

includes, offering a comprehensive analysis of system 

components. Airflows can be used to run wind turbines. 

Modern utility-scale wind turbines range from around 600 

kW to 5 MW of rated power, although turbines with rated 

output of 1.5–3 MW have become the most common for 

commercial use; the power available from the wind is a 

function of the cube of the wind speed, so as wind speed 

increases, power output increases up to the maximum output 

for the particular turbine. Areas where winds are stronger and 

more constant, such as offshore and high altitude sites are 

preferred locations for wind farms. Typical capacity factors 

are 20-40%, with values at the upper end of the range in 

particularly favourable sites. Globally, the long-term 

technical potential of wind energy is believed to be five times 

total current global energy production, or 40 times current 

electricity demand, assuming all practical barriers needed 

were overcome. This would require wind turbines to be 

installed over large areas, particularly in areas of higher wind 

resources, such as offshore. As offshore wind speeds average 

~90% greater than that of land, so offshore resources can 

contribute substantially more energy than land stationed 

turbines. 

 
Fig: 7wave form of load power 

 

Fig: 8 Simulation diagram for ultra-capacitor (UCAP) 
 

In this paper, UCAP-based energy storage integration to a 

DVR into the distribution grid is proposed and the following 

application areas are addressed. 

1) Integration of the UCAP with DVR system gives active 

power capability to the system, which is necessary for 

independently compensating voltage sags and swells. 

2) Experimental validation of the UCAP, dc–dc converter, 

and inverter their interface and control. 

3) Development of inverter and dc–dc converter controls to 

provide sag and swell compensation to the distribution grid. 

4) Hardware integration and performance validation of the 

integrated DVR-UCAP system. 
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CONCLUSION 

In this paper the concept of integrating UCAP based energy 

storage to DVR system to improve its voltage restoration 

capabilities is explored. With this integration DVR will be 

able to independently compensate voltage sag. Results from 

simulation and analysis shows that it can be used in the future 

on the distribution grid to respond to dynamic changes in 

voltage and prevents sensitive loads from voltage 

disturbances. 

REFERENCES 
[1] Deepak Somayajula, and Mariesa L. Crow( April. 2015) , “An 

integrated dynamic voltage restorer ultra-capacitor design for 

improving power quality of distribution grid,” IEEE Trans. Power 

Del.,vol. 6, no. 2, pp. 1949-3029,. 

[2] M. H. J. Bollen, (1999) Understanding Power Quality Problems: 

Voltage Sags and Interruptions. New York: IEEE Press. 

[3] F. Z. Peng, "Z-source inverter," IEEE Trans. Industry Applications,, 

vol. 39, pp. 504-510, 2003 

[4] H.P. Tiwari and Sunil Kumar Gupta(2010)Dynamic Voltage Restorer 

against Voltage SagInternational Journal of Innovation, Management 

and TechnoloJournal of Electrical Engineering & Technology Vol. 6, 

No. 6, pp. 769~775, 2011gy, Vol.,No. 3, 

[5] Seyedreza Aali† and Daryoush Nazarpour Voltage Quality 

Improvement with Neural Network-Based Interline Dynamic Voltage 

Restorer 

[6] D.M. Vilathgamuwa, A.A.D.R. Perera, S. S. Choi,(2003) Voltage Sag 

Compensation with Energy Optimized Dynamic Voltage Restorer, 

IEEE Trans. Power Del, vol. 18,no. 3, pp. 928 – 936, July. 

[7] S. W. Wahab, A. Yusuf(2006), Voltage Sag and Mitigation using 

Dynamic Voltage Restorer (DVR) System, ELECTRICA, vol. 8, No. 2 

,pp. 32 – 37, 2006 

[8] J. G. Nielsen, M. Newman, F. Blaabjerg, H. Nielsen (2004), Control 

and Testing of a Dynamic Voltage Restorer (DVR) at medium voltage 

level, IEEE Transom Power Electron, vol. 19, no. 3, p.806, May 2004 

[9] P. Roncero-Sánchez, E. Acha, J. E. Ortega-Calderon Vicente Feliu, A. 

García-Cerrada, “A versatile control scheme for a dynamic voltage 

restorer for power-quality improvement”, IEEE Trans., Power Del., 

vol. 24, no. 1, pp. 277-284, Jan. 2009. 

[10] R.Omar, and N.A.Rahim “power quality improvement in low voltage 

distribution system using dynamic voltage restorer (DVR)” Industrial 

Electronics and Applications (ICIEA), 2010 the 5th IEEE Conference, 

pp. 973-978, 2010. [11] R.Omar, N. A. Rahim, and M. Sulaiman “New 

control technique applied in dynamic voltage restorer for voltage sag 

mitigation”, American J. of Engineering and Applied Sciences 3 (1): 

pp.42-48, 2010. 33 

[11] W.Danesh, N. Muktadir, S, Bhowmik, S. Alam, “A Review of Neural 

Network Methodology to Different Aspects of Electrical Power 

System, International Journal of Science & Advanced Technology, 

2011, pp. 1-7. 

[12] C. Zhan, M. Barnes, V.K. Ramachandaramurthy, and N. Jenkis, 

“Dynamic Voltage Restorer with Battery Energy Storage for Voltage 

Dip Mitigation” Power Electronics and Variable Speed Drives, 18-19, 

Conference Publication No. 475, IEE September 2000. 

[13] Francisco Jurado, Manul Valverde, and Jose Carpio, “Voltage Sag 

Correction by Dynamic Voltage Restorer Based on Fuggy Logic 

Control” IEEE 2003. 

[14] Kasuni Perera, Daniel Salomon son, Arulampaiam, Atputharajah, 

Sanath Alahakoon, “Automated Control Technique for A Single Phase 

Dynamic Voltage Restorer” IEEE, 2006. 

[15] S. V Ravi Kumar, S. Siva Nagaraju, “Simulation of D-Statcom and 
DVR in Power Systems” ARPN Journal of Engineering and Applied 

Sciences Vol. 2, No. 3, June 2007. 

[16] Changjian Zhan,V.K. Ramachandrara murthy, A. Arulampalam, 
M.Barnes, G.Strbac N.Jekin, “Dynamic Voltage Restorer Based on 

Voltage Space Vector PWM Control”, IEEE 2001. 

[17] M. R. Banaei, S. H. Hosseini, and M. Daekalee Khajee, “Mitigation of 

Voltage Sag Using Adaptive Neural Network with Dynamic Voltage 

Restorer” IEEE 2006. 

[18] D. Mahinda Vilathgamuwa, H. M. Wijekoon, and S.S. Choi, “Interline 

Dynamic Voltage Restorer: A Novel and Economical Approach for 
Multiline Power Quality Compensation” IEEE, 2004. 

[19] Ali O Al-Mathunani, Azah Mohamed, and Mohd Alauddin Mohd Ali, 

“Photovoltaic Based Dynamic Voltage Restorer for Voltage Sag 
Mitigation” IEEE 2007. 

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV6IS070308
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 6 Issue 07, July - 2017

634


