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ABSTRACT 

Power quality is one of the major concerns in the era of power system. Power quality problem occurred due to non- 

standard voltage, current or frequency, that result in a failure of end user equipment. To overcome this problem, 

Dynamic Voltage Restorer (DVR) is used, which eliminate voltage sag and swell in the distribution line, it is efficient 

and effective power electronic device. The size of DVR is small, cost is low and fast dynamic response to the 

disturbance. By injecting an appropriate voltage, the DVR restores a voltage waveform and ensures constant load 

voltage. The compensating signals are determined dynamically based on the difference between desired and measured 

values. The DVR is consisting of VSC, Booster transformer, Filter and Energy storage devices. This paper describe 

different compensation control technique used for compensate the voltage of the distribution line. 

 

Keywords:Power quality, Dynamic Voltage Restorer (DVR), Voltage Source Converter (VSC), Z Source Inverter, 

Voltage sag/swell 

1. INTRODUCTION 

Modern power system is complex power network, where hundreds of generating loads and thousands of loads are 

interconnected through transmission or distribution networks. The main concern to the customer is to provide reliable 

and quality of power supply. But in develop country, the generation of power supply is fairly reliable, quality of power 

may poor. The ideal power supply system provides their customer uninterrupted flow of energy with smooth sinusoidal 

voltage at contracted voltage magnitude and frequency. The power quality problem occurred due to the voltage sag, 

surge, flicker, voltage imbalance, interruption and harmonic problem [1,2,3]. And it may cause problem to the industries 

from malfunctioning of equipment to the complete shutdown of the plant. Voltage sag/swell occurs as a result of load 

switching, motor starting, faults, non-linear loads, Lightning etc. It has major impact on microprocessor based loads as 

well as the sensitive loads.  

 

IEEE 519-1992 and IEEE 1159-1995 “IEEE recommended practice for monitoring electric power quality” describe 

the voltage sag/swell as shown in Table 1. [1] 

 

Table 1Definitions for voltage sag and swell 

 

Type of Disturbance Voltage Duration 

Voltage Sag 0.1 – 0.9 pu 0.5 – 30 cycles 

Voltage Swell 1.1 – 1.8 pu 0.5 – 30 cycles 

 

 

Voltage Sag/Swell Compensation Using 

Dynamic Voltage Restorer (DVR) 

 
Kapil P. Radadiya

1
, Dr. Chirag K. Vibhakar

2
, Sachin V. Rajani

3
andKishan J. Bhayani

4
 

 
1PG student, Gujarat Technological University, Department of Electrical Engineering, V.V.P. Engineering College, Rajkot, 

India. 

kapilradadiya@yahoo.com 

 
2Associate Prof., Department of Electrical Engineering, V.V.P. Engineering College, Rajkot, India. 

chiragkvi@yahoo.co.in 

 
3SeniorLect.,Department of Electrical Engineering, V.V.P. Engineering College, Rajkot, India. 

sachin_3541@rediffmail.com 

 
4Assistant Prof., Department of Electrical Engineering, V.V.P. Engineering College, Rajkot, India. 

kishanbhayani@gmail.com 

 
 

 

 

 

 

mailto:kapilradadiya@yahoo.com
mailto:chiragkvi@yahoo.co.in
mailto:sachin_3541@rediffmail.com
mailto:kishanbhayani@gmail.com


International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

 ISSN 2319 - 4847  

Special Issue for National Conference On Recent Advances in Technology and Management 

for Integrated Growth 2013 (RATMIG 2013) 

 

 

Organized By: GNI Nagpur, India 
 

 

 

Several recent surveys attributes that 92% of the all disturbances in electrical power distribution system are due to 

voltage sags [13]. The dynamic voltage restorer (DVR) has been proposed to protect sensitive loads from such voltage 

sags. It is a series connected custom power device, which is considered to be cost effective compared to other alternative 

voltage sag compensation devices. The location of DVR is shown in fig-1. 

 

 
 

Figure1 Location of DVR 
 

The main function of the DVR is to maintain the supply voltage constant, if any sag or swell occurs balance voltage is 

injected. To achieve this functionality reference voltage waveform is generated which is similar in magnitude and phase 

angle to that of supply waveform. Therefore by comparing reference and actual voltage waveform any abnormality can 

be detected. 

 

2. BASIC COMPONENTS OF DVR 

The Dynamic Voltage Restorer (DVR), is also referred to as Series Voltage Booster (SVB) or the Static Series 

Compensator (SSC), is a device utilized solid state power electronic components, and it is connected in series with 

distribution circuit. The DVR consist of an Injection/Booster transformer, a Harmonic Filter, a Voltage Source Converter 

(Power converter), DC charging circuit and Control and Protection circuit as shown in the block diagram of DVR in fig. 

2. 

 

The first DVR was installed in North Carolina, for the rug manufacturing industry [11]. Another was installed to a 

large dairy food processing plant in Australia [13]. Its primary function is to rapidly boost up the voltage at load side in 

case disturbance to that load. There are various circuit topologies and control scheme are used to implement the DVR.   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Block Diagram of DVR Circuit 
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The basic function of the DVR is to detect any voltage sag/swell occurred in the power line and injects the balance 

voltage from the DVR. This is achieved either by absorbing or injecting active or reactive power [9].  

 

A. DC energy Storage device        

 

It is used to supply the real power requirement for the compensation during voltage sag. Lead-acid batteries, Super 

Conducting Magnetic Energy Storage (SMES), Flywheels and Super capacitors can be used as the storage devices. For 

DC drives such as capacitors, batteries and SMES, DC to AC conversion (inverters) are needed to deliver power, 

whereas for flywheel, AC to AC conversion is required [4,5,8]. 

 

The maximum compensation ability of DVR particular for voltage sag is dependent on the active power supplied by 

the energy storage devices.  

 

B. Voltage Source Inverter (VSI) 

 

The basic function VSI is to convert DC voltage supplied by the energy storage device to an AC voltage. This is 

coupled to an injection transformer to the main system. Thus a VSI with low voltage rating is sufficient [4,8].  

 c        C.  

C.  Passive Filter 

 

 It is used to convert PWM pulse waveform in to sinusoidal waveform. It consists of an inductor and a capacitor. It can 

be placed either high voltage side or low voltage side of the injection transformer. By placing it inverter side higher order 

harmonics are prevented from passing through the voltage transformer. And it will reduce stress on the injection 

transformer. 

 

 When the filter is placed on the high voltage side, the higher order harmonic current do penetrate to the secondary side 

of the transformer, a higher rating of the transformer is required [4,8].       

 

 D.  Voltage Injection Transformer       

  

 The basic function is to increase the voltage supplied by the filtered VSI output to the desired level. The high voltage 

side of the injection transformer is connected in series to the distribution line and low voltage side is connected to the 

power circuit of the DVR. In this study single phase injection transformer is used. For three has DVR, three single phase 

transformer can be connected either in delta/open or star/open configuration. 

 

 E.  By-pass Switch 

 

 The DVR is series connected device, if fault current that occur due to fault in the downstream will flow through the 

inverter circuit [10]. The power electronic component are rated to the load current hence to protect the inverter from 

higher current, a by-pass switch is used and it is located between the inverter and the isolating transformer. 

. 

3. DVR OPERATING STATES 

 

a) During the normal operation 

 

Under normal working condition DVR is not injecting any voltage to the system. If the energy device is fully charged 

then the DVR operates in standby mode or in the self-charging mode.  

 

b) During a Voltage sag/swell 

 

By supplying the real power from the energy storage device together with the reactive power, the DVR injects the 

difference between the pre-sag and sag voltage [6].  

 

c) Fault in the downstream of the power line 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

 ISSN 2319 - 4847  

Special Issue for National Conference On Recent Advances in Technology and Management 

for Integrated Growth 2013 (RATMIG 2013) 

 

 

Organized By: GNI Nagpur, India 
 

 

 

 

In this case, by-pass switch is operate and provide alternative path for the high fault currents. If this high fault current 

flows through the inverter, it may damage the sensitive power electronic component 

 

4. DVR COMPENSATION TECHNIQUES 

 

A compensation method by means of a DVR depends upon limiting factors such as; DVR power rating, various 

conditions of load, and different types of voltage sags. Compensation is achieved via real and reactive power injection. 

Basically three types of methods are used in the DVR which is defined and discussed below. 

 

 

 

 

 

A. Pre-sag Compensation 

    

This method is recommended for the non-linear loads which needs both voltage magnitude as well as phaseangle to be 

compensated. 

 

 

 
 

 

Figure3Pre-sag compensation technique 

 

The DVR supplies the difference between the pre-sag and the sag voltage, thus restore the voltage magnitude and 

phase angle to that of the pre-sag value. Figure 3 describes the pre-sag compensation. Drawback of this method is that it 

requires higher capacity energy storage device as well as large voltage injection transformer [5]. 

 

VDVR = VPre-sag - VSag 

 

 

B. In-phase compensation         

Only voltage magnitude compensate in this method. The compensated voltage is in phase with the sagged voltage, 

therefore this technique minimize the voltage injected by the DVR. This technique is shown in figure 4, there is phase 

shift between the voltage before the sag and after the sag. It is recommended for the linear loads. 
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Figure 4In-phase compensation technique  

      

C. Energy optimization technique 

 

In this technique the use of real power is minimized by injecting voltage by the DVR is at a 90
0
 phase angle to the 

load current. It is shown in the figure 5, the injected voltage will be higher than that of in-phase compensation technique. 

 

 

 
 

Figure5 Energy optimized compensation technique 

 

5. SAG DETECTION TECHNIQUE 

 

The different sag detection technique are used in the DVR for voltage sag compensation, are as follow[14]: 

1) Peak Value method 

2) RMS Value method 

3) Wavelet transform 

4) Fourier Transform 

5) Space Vector method 

 

The peak value method is simplest method to detect the sag. It will take half a cycle to detect the sag. The other 

method to detect sag is RMS value in sliding mode with fix window size. It will returns the sag magnitude after the 

window period. Wavelet transform method is difficult to use in real time. In case of harmonic presence in the system at 

that time FT is used to detect the sag. By applying FT in each phase, it is possible to get magnitude and phase angle of 

each phase. In space vector method three phase quantity Vabc transformed in to two dimensionsVdq. Any deviation in 

any quantity reveals the occurrence of event. Then this quantity is compared with reference ones will give measure of 

disturbance.       

In this paper Instantaneous symmetrical component along with fourier transform is used to detect the sag which will 

give fast dynamic response. 

 

6. PROPOSED CONTROL TECHNIQUE 

 

Instantaneous symmetrical components reflect the instantaneous change in supply voltage and so it is used to detect 

the disturbance in power system.The proposed control technique based on unit template technique and instantaneous 

symmetrical component along with complex fourier transform is shown in figure 8[15]. 

The reference load voltage for driving the IGBT is derived as follow : 

 

 

 

and,    
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Figure 8 Block diagram of proposed control algorithm 

 

The instantaneous symmetrical components are defined for three instantaneous voltage as follow: 

 

Where, and  , and  are zero, positive and negative sequence voltage respectively. 

The fundamental positive sequence source voltages denoted by . This can be computed from the instantaneous 

symmetrical samples of  using complex fourier transform as   

 

7. CONCLUSION 

 

The Dynamic Voltage Restorer (DVR) is an effective device for power quality enhancement due to its quick response 

and high reliability. The conclusion is that it is an effective apparatus to protect sensitive load from short duration of 

voltage dips. Compensation technique for the DVR was presented in this paper. The effectiveness of the DVR depends 

upon rating of energy storage device and loads. 

 

 

References 

[1]  A.ElMofty, K. Youssef, “Industrial power quality problems” Alexandria Elecricity Company, Alexandria,    Egypt, 

June 2007, Pg. 18-21. 

[2]     Narain G. Hingorani, “Introducing custom power” IEEE spectrum, June 1995 pg. 41-48. 

[3] Don O.Koval, Jerry Leonard, Z.JohnLicsko, “Power quality of small rural industries” IEEE Transactions on 

Industry applications, Vol.29, No.4, July 1993, pg 696-699. 

[4] Agileswari K. Ramasamy, Rengan Krishnan Iyer, Dr.R.N.Mukerjee,Dr.VignaK.Ramachandramurth,“Dynamic 

Voltage Restorer for voltage sag compensation”, IEEE PEDS, 2005, pg.1289-1293. 

[5]    C. Zhan, V.K. Ramachandaramurthy,A.Arulampalam, C.Fitzzer, M.Barnes, N.Jenkins, “Control of a battery 

supported dynamic voltage restorer”, IEE proceedings on Transmission and Distribution, Vol. 149 (No.5),Sep. 

2002, pg. 533-542. 

[6]   C.Zhan, A.Arulampalam, N.Jenkins, “Four wire dynamic voltage restorer based on a three dimensional voltage 

space vector PWM algorithm” IEEE transactions on Power Electronics, Vol.18, No.4, July 2003,  pg.1093-1102. 

[7] S.S.Choi, B.H.Li, D.M.Vilathgamuwa,”Dynamic voltage restoration with minimum energy injection”,IEEE 

transactions on Power Systems, Vol.15, No.1, February 2000,  pg.51-57. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

 ISSN 2319 - 4847  

Special Issue for National Conference On Recent Advances in Technology and Management 

for Integrated Growth 2013 (RATMIG 2013) 

 

 

Organized By: GNI Nagpur, India 
 

 

 

[8] Changjiang Zhan, VignaKumaranRamachandaramurthy, AtputharajahArulampalam, Chris Fitzer, 

StylianosKromlidis, Mike Barnes and Nicholas Jenkins,“Dynamic Voltage Restorer based on Voltage-Space-

Vector PWM control” IEEE Transactions on Industry Applications, Vol.37, No.6, Nov./Dec. 2001, pp 1855 -1863.

  

[9] Chi-Seng Lam, Man-Chung Wong, Ying-Duo Han, “Stability study on Dynamic Voltage Restorer (DVR)”, 

Proceedings of First International Conference on Power Electronics Systems and Applications 2004, Nov. 2004, pp 

66 – 71. 

[10] Neil H. Woodley, Ashok Sundaram, “Field experience with the new platform-mounted DVR” IEEE Transactions 

on Power quality improvement methods, 2000, pp. 1323–1328. 

[11] N.H. Woodley, L. Morgan, and A. Sundaram, “Experience with an inverter-base dynamic voltage restorer,” IEEE 

trans. Power Delivery, vol. 14, pp. 1181-1185, july 1999. 

[12]   D. Sabin, “An assessment of distribution system power quality,” Elect.Power Res. Inst., Palo Alto, CA, EPRI Final 

Rep. TR-106294-V2, vol. 2, Statistical Summary Report, May 1996. 

[13]   N. H. Woodley, A. Sundaram, B. Coulter, and D. Morris, “Dynamic voltage restorer demonstration project 

experience,” in Proc. 12th Conf. Elect. Power Supply Ind., Pattaya, Thailand, 1998. 

[14] Mahmoud A. El-Gammal, Amr Y. Abou-Ghazala, and  Tarek I. El Shennawy, “Dynamic Voltage Restorer (DVR) 

for Voltage Sag Mitigation”, 2011International Journal on Electrical Engineering and Informatics. 

[15] ParagKanjiya, Bhim Singh, and P. Jayaprakash, “A Robust Control Algorithm for Self Supported Dynamic Voltage 

Restorer (DVR)”,2011 IEEE 
 

AUTHOR 

 
 

Kapil P. Radadiyawas born in Rajkot, India, in 1988. He received the B.E. degree in Electrical Engineering 

from V.V.P. Engineering College, Rajkot in 2010.Presently, he is pursuing M.E. (Electrical Power System) at 

V.V.P. Engineering College, Rajkot, Gujarat Technological University. His current research interest includes 

Power quality. 

 

 

 

 

 

 

 

 
 

Dr. Chirag K. Vibhakarwas born in Jamnagar, Gujarat, India, in 1974. He received the B.E. degree in 

Electrical Engineering from Nagpur University in 1998, M.E. (Electrical Power System) from Sardar Patel 

University, V.V. Nagar in 2002 and Ph.D. degree in High Voltage Engineering from M.S. University, Baroda, 

Gujarat, India in 2013.In 1999 he joined the Department of Electrical Engineering, V.V.P. Engineering 

College, Rajkot as a lecturer and became head of department in 2010. His current research interest includes 

High Voltage Engineering. 

 

 

 

 

 

 

Sachin V. Rajanireceivedthe M.E. (Power Electronic and Drive) degree from SVNIT, Surat and pursuing Ph. 

D. from R.K. University, Rajkot. Presently, he is working as Senior Lecturer in V.V.P. Engineering College, 

Rajkot. His Current research interest includes Power Quality and Power system.

 

 

 

 

 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

 ISSN 2319 - 4847  

Special Issue for National Conference On Recent Advances in Technology and Management 

for Integrated Growth 2013 (RATMIG 2013) 

 

 

Organized By: GNI Nagpur, India 
 

 

 

 

 

Kishan J. Bhayaniwas born in Mithapur, Jamnagar, Gujarat, India, in 1988. He received his B.E. degree in 

Electrical Engineering from V.V.P. Engineering College, Rajkot in 2010 and M.E. (Power System) from 

B.V.M. Engineering College, V.V. Nagar, Gujarat Technological University in 2012. Presently, he is working 

as Assistant Professor in V.V.P. Engineering College, Rajkot. His current research interest includesPower 

System Analysis, Distributed Generation, Power Quality Issues and ArtificialIntelligent. 

 

 

 

 


