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ABSTRACT: This paper presents Brief Review of control techniques to mitigate power quality disturbances such as 

voltage sag, swell and harmonics.The power quality is affected mainly due to the sensitive loads which results in 

voltage sag and voltage swells. It is necessary to investigate the suitable methods for mitigation of voltage sags. The 

voltage sag/dip is the most frequently occurring problem. There are many methods to overcome this problem. Among 

them the use of FACT devices is an efficient one. This project presents an overview of the FACT devices like- DVR, 

D-STATCOM, and Auto-Transformer in mitigating voltage sag .This paper presents a comprehensive review and 

comparison of various Control schemes used by utilities for mitigation of voltage dips in power networks. 
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I. INTRODUCTION 

 

A power distribution system is similar to a vast network of rivers. It is important toremove any system faults so that the 

rest of the power distribution service is notinterrupted or damaged. When a fault occurs somewhere in a power 

distribution system,the voltage is affected throughout the power system. Among various power qualityproblems, the 

majority of events are associated with either voltage sag or a voltageswell, and they often cause serious power 

interruptions.A voltage sag condition implies that the voltage on one or more phases drops below the specified 

tolerance for a short period of time. A voltage swell condition occurs whenthe voltage of one or more phases rises 

above the specified tolerance for a short period oftime. The causes of voltage sags and swells are associated with faults 

within the powerdistribution system. Users located a close distance to the fault experience voltage sagsmuch greater in 

magnitude and duration than users located farther away, and as theelectrical system recovers after removing the fault, 

voltage swells are producedthroughout the system for short periods of time.In order to increase the reliability of a 

power distribution system, many methods of solving power quality problems have been suggested. The development 

andimprovement of power switching devices capable of carrying large current with highvoltage enable power 

electronics technologies to be applied to this area. In addition, self-commutabledevices, i.e., gate turn-off device such 

as GTOs and high power IGBTs, giverise to a variety of schemes to mitigate power quality problems.Many the 

mitigation schemes of the voltage sag based on the inverter systems. The inverter system that consists switches and 

energy storage [7]. The D-STATCOM is proposed to mitigating the voltage sag and also to solve another problem of 

the power quality such as voltage fluctuations [8]. The D-STATCOM which the system based on the voltage source 

inverter and thyristor. That thyristor system in the AC system to control the output current independently [8]. The 

system of the dynamic voltage restorer (DVR) require to inject voltage of the sufficient magnitude. It can be to 

maintain constant voltage based on the duration of voltage sags. The dynamic voltage restorer (DVR) can operate in 

boost mode [9]. By using the PWM- switched autotransformer that uses to control circuit based on RMS voltage is to 

identify the voltage sag. The voltage of load and reference of voltage are always compare together to make sure that the 

system stable where is the error of voltage is not more than 10 %. One thing for the new mitigating technique of PWM 

switched autotransformer only used are IGBT switches per phase and also the circuit topology is very simple compare 

to other method. That why the PWM switched autotransformer is very more economical compared to DVR and D-

SATCOM. [10], [11]. 

 

II. VOLTAGE SAG AND SWELL 

 

Voltage sag is a reduction in voltage compared to normal rated voltage and voltage swell is an increase in voltage 

outside normal rated tolerance of loads as shown in Figure.2. The voltage sag and swell are the most critical power 
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quality issues in distribution grid today [2]. The survey of power quality presents that voltage sags with 40-50% of the 

nominal value and with duration from 2 to 30 periods occurred in about 92% of all power system events [4-7]. 

 

 

 
 

Figure 1. (a) Voltage Sag (Left) (b) Voltage Swell (Right). 

 

Most electrical power generating authorities have an obligation to supply consumers from the grid at a constant voltage 

(typically within +/- 6% of nominal). However, sometimes this is not practical, particularly in rural locations. 

Sometimes voltage sags are caused by the power supplier during times of heavy demand, while dips are oftencaused by 

auto closers, operating within one second of fault detection. It is also possible for heavy plant to pull down the supply 

voltage during start-up. Compressors and pumps are good examples of loads, which require a high start-up current and 

switch in and out on a frequent basis, causing the supply voltage to dip. A dip is used to refer to a shortterm reduction 

of less than half a second, whilst sag relates to a long-term voltage reduction. 

 

 Causes of dips, sag, swell and surges 

1. Rural location remote from power source  

2. Long distance from a distribution transformer with interposed loads  

3. Unreliable grid system 

 4. Power distributor’s tolerances not suitable for voltage sensitive equipment  

5. Switching of heavy loads  

6. Unbalanced load on a three phase system  

7. Equipment not suitable for local supply 

 

 Methods of dealing with dips, sags , swell and surges 

1. Transformer with a tap changer  

2. Constant voltage (ferro-resonant) transformer  

3. Servo controlled voltage stabilizer  

4. Switch mode power supply 

5. Saturable reactor  

6. Soft starters on larger electrical equipment  

7. Connect larger loads to points of common coupling  

8. Choose equipment with dip resilience 

 

III. VOLTAGE SAG MITIGATION DEVICES 

 

To better understand the most effective method of voltage sag mitigation, a brief review of existing methods is 

presented. 

 

1) Tap Changers 

Tap changers are the most cost-effective method for regulating the output voltagewhen the input voltage has a sag 

condition that exists for a relatively long period of time.It is possible to vary the output voltage by changing taps 

located in the primary orsecondary side of a transformer. Most existing tap changers use mechanical moving partsto 

change the tap location. Usually, three or four cycles are needed to move themechanical switch to the desired position. 

Therefore, its response is relatively slow [11].To overcome this problem, thyristors have been used recently to replace 

the mechanicalparts of the tap changer. 
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2) Flexible AC Transmission Systems (FACTS) Devices 

FACTS devices have abilities of controlling active powers and reactive powers of the distribution system, which are 

able to maximize the utilization of existing lines. In addition, they can stabilize the voltage at point of common 

coupling and can reduce the damping of the power oscillation. FACTS devices can be divided into three categories 

such as series controller, shunt controller, and combined controller [12]. 

 Series connected controllers: Static Synchronous Series Compensator (SSSC), Thyristor-Switched Series 

Capacitor (TSSC), Thyristor-Switched Series Reactor (TSSR), etc. 

 Shunt connected controllers: Static Synchronous Generator (SSG), Static Var Compensator (SVC), Static 

Synchronous Compensator (STATCOM), Thyristor-Controlled Reactor (TCR), Thyristor-Switched Capacitor 

(TSC), etc. 

 Combined controllers: Unified Power Flow Controller (UPFC), Thyristor- Controlled Phase Shifting 

Transformer (TCPST), etc. 

 

Recently, a dynamic voltage restorer (DVR) was introduced for mitigating a voltage sag. The DVR shown in Figure 2.6 

is based on an inverter system that has energy storage for supplying active power, an output filter to make more 

sinusoidal voltage, and a step up transformer.The DVR is one of the FACTS devices that use the power electronics 

technology, especially inverter technology and is configured as a series-connected voltage controller. To control the 

output voltage of the DVR, the inverter supplies the missing load voltage using self-commutable electronic switches 

such as a gate turn-off thyristor (GTO), an insulated gate bipolar transistor (IGBT), or an insulated gate commutated 

thyristor (IGCT).  

 

IV.VOLTAGE SAG COMPENSATION USING PWM SWITCHED AUTOTRANSFORMER 

 

The ac converter topology is employed for realizing the voltage sag compensator. This paper considers the voltage 

mitigation scheme that use only one shunt type PWM switch[1] for output voltage control as shown in Fig. 2. The 

autotransformer shown in Fig. 2 is used in the proposed system to boost the input voltage instead of a two winding 

transformer. Switch IGBT is on the primary side of the autotransformer.The voltage and current distribution in the 

autotransformer is shown in Fig. 3. It does not provide electricalisolation between primary side and secondary side but 

has advantages of high efficiency with smallvolume. The compensator considered is a shunt type as the control voltage 

developed is injected in shunt. Therelationships of the autotransformer voltage and current are expressed , 

 
Where a is the turns ratio; VP =Primary voltage; V L =Secondary voltage=Load voltage; I1, I2 =Primaryand secondary 

currents, respectively; IS =Source current; IL =Load current. 

 
Fig. 2. Voltage Sag/Swell mitigating device 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                     | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512| 

                  || Volume 9, Issue 9, September 2020 || 

 

IJIRSET © 2020                                                      |     An ISO 9001:2008 Certified Journal   |                                                   9250 

 

 
 

Fig. 3. Voltage and current relations in an autotransformer 

 

The autotransformer in Fig. 3 does not offer electrical isolation between primary side and secondary side but has 

advantages of high efficiency with small volume. An transformer with N1 : N2 = 1 : 1 ratio isused as an autotransformer 

to boost the voltage on the load side when sag is detected. With this the device can mitigate up to 50% voltage sag 

during the sag period. As the turns ratio equals 1:2 in autotransformer mode, the magnitude of the load current IL (high 

voltage side) is the same as that of the primary current I1 (low voltage side). From Eq., it is clear that VL = 2VP and IS = 

2IL. The switch is located in the autotransformer’s primary side and the magnitude of the switch current equals the load 

current. The voltage cross the switch in the off-state is equal to the magnitude of the input voltage. When sag is 

detected by the voltage controller, IGBT switched ON and is regulated by the PWM pulses. The primary voltage VP is 

such that the load voltage on the secondary of autotransformer is the desired rms voltage. 

 

V. CONCLUSION 

 

The demand for electric power is increasing at an exponential rate and at the sametime the quality of power delivered 

became the most prominent issue in the power sector.Thus, to maintain the quality of power the problems affecting the 

power quality shouldbe treated efficiently. Among the different power quality problems, voltage sag is one ofthe major 

one affecting the performance of the end user appliances. In this paper themethods to mitigate the voltage sag are 

presented. From this Review the followingconclusions are made- 

 Among the different methods to mitigate the voltage sag, the use of FACTdevices is the best method. 

 The FACT devices like DVR, D-STATCOM are helpful in overcoming thevoltage unbalance problems in 

power system. 

 DVR is a series connected device and injects voltage to compensate the voltageimbalance. 

 D-STATCOM is a shunt connected device and injects current into the system. 

 These devices are connected to the power network at the point of interest toprotect the critical loads. 

 These devices also have other advantages like harmonic reduction, power factorcorrection. 

 The amount of apparent power infusion required by D-STATCOM is higher thanthat of DVR for a given 

voltage sag. 

 DVR acts slowly but is good in reducing the harmonic contentBoth DVR and D-STATCOM require more 

number of power electronic switchesand storage devices for their operation. 

 To overcome this problem, PWM switched auto-transformer is used formitigating the voltage sag. 

 Here the number of switches required is less and hence the switching losses arealso reduced. 

 The size and cost of the device are less and hence PWM switched autotransformer is an efficient and 

economical solution for voltage sag mitigation. 

 

REFERENCES 
 

[1]. Kantaria, R. A.; Joshi, S.K.; Siddhapura, K. R., "A novel technique for mitigationof voltage sag/swell by Dynamic 

Voltage Restorer (DVR)," Electro/InformationTechnology (EIT), 2010 IEEE International Conference on , vol., no., 

pp.1,4, 20-22 May 2010. 

[2]. Kong Shuhong; Yin Zhongdong; Shan Renzhong; Shang Weidong, "A Survey onthe Principle and Control of 

Dynamic Voltage Restorer," Energy andEnvironment Technology, 2009. ICEET '09. International Conference on , 

vol.2,no., pp.57,60, 16-18 Oct. 2009. 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                     | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512| 

                  || Volume 9, Issue 9, September 2020 || 

 

IJIRSET © 2020                                                      |     An ISO 9001:2008 Certified Journal   |                                                   9251 

 

[3]. Elango, S.; Chandra Sekaran, E., "Mitigation of Voltage Sag by UsingDistribution Static Compensator (D-

STATCOM)," Process Automation, Controland Computing (PACC), 2011 International Conference on , vol., no., 

pp.1,6, 20-22 July 2011. 

[4]. Ledwich, G.; Ghosh, A., "A flexible DSTATCOM operating in voltage or currentcontrol mode," Generation, 

Transmission and Distribution, IEE Proceedings- ,vol.149, no.2, pp.215,224, Mar 2002. 

[5]. AmbarnathBanerji ,Sujit K. Biswas , Bhim Singh , “DSTATCOM Applicationfor Mitigation of Voltage Sag 

Caused by Dynamic Loads in AutonomousSystems” International Journal of Power Electronics and Drive 

System(IJPEDS), vol.2, No.2, June 2012. 

[6]. Haque, M. H., "Compensation of distribution system voltage sag by DVR and DSTATCOM,"Power Tech 

Proceedings, 2001 IEEE Porto , vol.1, no., pp.5 pp.vol.1,, 2001. 

[7]. Venkatesh, C.; Reddy, V.P.; Siva Sarma, D.V.S.S., "Mitigation of voltagesags/swells using PWM switched 

autotransformer," Harmonics and Quality ofPower, 2008. ICHQP 2008. 13th International Conference on , vol., no., 

pp.1,6,Sept. 28 2008-Oct. 1 2008. 

[8]. Bollen, M. H J, "Characteristic of voltage dips (sags) in powersystems," Harmonics and Quality of Power 

Proceedings, 1998. Proceedings. 8
th

International Conference On , vol.1, no., pp.555,560 vol.1, 14-18 Oct 1998. 

[9]. Omar, R.; Rahim, N.A., "Modeling and simulation for voltage sags/swellsmitigation using dynamic voltage 

restorer (DVR)," Power EngineeringConference, 2008. AUPEC '08. Australasian Universities , vol., no., pp.1,5, 14- 17 

Dec. 2008. 

[10]. S. Ravi Kumar, S. Sivanagaraju, "Simulation of D-Statcom and DVR in powersystem," ARPN journal of 

engineering and applied science, vol. 2, no. 3, pp. 7-13, June 2007. 

[11]. Heine, Pirjo; Lehtonen, M., "Voltage sag distributions caused by power systemfaults," Power Systems, IEEE 

Transactions on , vol.18, no.4, pp.1367,1373, Nov.2003. 

[12]. Choi, S.S.; Li, B. H.; Vilathgamuwa, D.M., "Dynamic voltage restoration withminimum energy injection," Power 

Engineering Society Winter Meeting, 2000.IEEE , vol.2, no., pp.1156 vol.2,, 2000. 

[13]. F. Martzloff, Power quality work at International Electrotechnical Commission,PQA-97 Europe, June 1997, 

Stockholm, Sweden, Elforsk: Stockholm, Sweden. 

[14]. P. Heine, “Voltage sags in power distribution networks,” Ph.D. Dissertation,Department of Electrical 

Engineering, Aalto University School of Science andtechnology, Espoo, Finland, 2005. 

[15]. M. F. Faisal, “Power quality management program: TNB’s Experience,”Distribution Engineering Department, 

TNB, 2005. 

[16]. IEEE Recommended Practice for Emergency and Standby Power Systems forIndustrial and Commercial 

Applications," IEEE Std 446-1995 [The Orange 

Book] , vol., no., pp.1,320, July 3 1996. 

[17]. McGranaghan, M.F.; Mueller, D.R.; Samotyj, M.J., "Voltage sags in industrialsystems," Industry Applications, 

IEEE Transactions on , vol.29, no.2,pp.397,403, Mar/Apr 1993. 

[18]. Ray Arnold, “Solutions to the Power Quality Problem,” Power EngineeringJournal, April 2001, 65-73. 

[19]. G.F. Reed, M. Takeda, I. Iyoda, “Improved power quality solutions usingadvanced solid-slate switching and static 

compensation technologies”, IEEEPower Engineering Society 1999 Winter Meeting, New York, USA, vol. 2, pp.1132-

1137. 

[20]. Gareth A. Taylor, “Power quality hardware solutions for distribution systems:Custom power”, IEE North Eastern 

Centre Power Section Symposium, Durham,UK, 1995, pp. 11/1-11/9. 

[21]. Ran Cao, Jianfeng Zhao, Weiwei Shi, Ping Ziang and Gouquing Tang, “SeriesPower Quality Compensator for 

Voltage Sags, Swells, Harmonics andUnbalance,” IEEE/PES Transmission and Distribution Conference andExposition, 

vol. 1, 28 Oct. – 2 Nov., pp. 543-547. 

[22]. Chris Fitzer, Mike Barnes and Peter Green, “Voltage Sag Detection Techniquefor a Dynamic Voltage Restorer”, 

IEEE Trans. Industry Applications, vol. 40,No. 1, Jan/Feb. 2004, pp. 203-212. 

 

http://www.ijirset.com/



