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Abstract 

Dynamic voltage restorers (DVRs) are used to protect 

sensitive loads from the effects of voltage sags on the 

distribution feeder. In all cases it is necessary for the DVR 

control system to not only detect the start and end of a 

voltage sag but also to determine the sag depth and any 

associated phase shift. The DVR, which is placed in series 

with a sensitive load, must be able to respond quickly to a 

voltage sag if end users of sensitive equipment are to 

experience no voltage sags. With the loads, the stability of 

voltage for appearing voltage sag is placed on top of 

avoiding damaging the device. The voltage sag phenomenon 

is a change in voltage in a short time but can cause the 

machine to stop at some important loads, affecting the 

normal operation of the entire electric power system. The 

voltage sag can be overcome by the application of Dynamic 

Voltage Restorer (DVR) built on the basis of a power 

electronic converter with advanced features such as fast 

impact and very high accuracy. 
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1. Introduction 

Voltage sag is a common and undesirable power quality phenomenon in the distribution systems which puts sensitive loads 

under the risk. An effective solution to mitigate this phenomenon is to use dynamic voltage restorers and consequently, protect 

sensitive loads. Sensitive loads such as factory automations, semiconductor-device manufacturer, and paper manufacturer are 

vulnerable to power-supply disturbances [1-5]. Voltage sag is a phenomenon of reducing, unbalancing of voltage, phase angle 

jump or transient voltage, interrupting power supply in the short term  [6-18]. These disturbances occur due to, e.g., short circuits 

in upstream power transmission line or parallel power distribution line connected to the point of common coupling (PCC), 

inrush currents involved with the starting of large machines, sudden changes of load, energizing of transformers or switching 

operations in the grid [19-21]. 

The voltage step-ups are less important than voltage sags because they are less common in distribution system. The causes of 

the voltage sag are short-circuit failures in the electric power system, the voltage sag due to the starting of the large-capacity 

motors, or the impacts of switching on or off of transformers or the compensate capacitor system and may be due to remote 

operating errors. To overcome the voltage sag in the electric power system, there are many solutions such as raising the 

capacity of the substation, using compensates capacitors, operating properly to minimize incidents, but the use of Dynamic 

Voltage Restoration system (DVR)), using a multilevel inverter or a Voltage Source Converter (VSC) is more effective. In this 

research, we present a method of designing a PWM controller for the VSC of the DVR for the voltage grid. 

  

2. Mathematical model of the DVR Dynamic Voltage Restorer system 

The DVR consists of a series devices designed to maintain constant voltage values for loads. The diagram of the DVR in boost 

mode is shown in Fig 1. 

 

 
 

Fig 1: System of voltage balancing circuit using DVR 
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The equivalent circuit of the system with the participation of 

DVR shows that when the voltage source is dropped or 

stepped up, the DVR will pump the amount of Vinj voltage 

through the voltage pump converter so that the required load 

voltage value can be maintained. The amount of voltage 

pumped by DVR can be written as follows: 

 

 Vinj = Vload + VS (1) 

 

In which: 

Vload: is the required load voltage value (required) 

VS: is the source voltage in the condition of sag/step-

up 

 

The high frequency converter can be used to improve 

conversion efficiency without incurring significant damage, 

is shown in the Fig 2. 

 

 
 

Fig 2: The DVR system structure uses PWM controller 

 

It is important to concern that in this case, indirectly control 

the converter, which has the reactive power and the active 

power exchanged with the system at the same time: the error 

signal is obtained by comparing the reference voltage with 

the rms voltage measured at the load point. The process of 

controlling signal failures creates the angle necessary to 

control faults to zero, i.e., the rms load voltage is returned to 

the reference voltage. Vcontrol consists of 3 sinusoidal control 

signals which calculated by the following formula: 

 

  (2) 

 

3. Simulation results  

To investigate the performance of the DVR using to avoid 

voltage sag during short circuit, a ground short-circuit fault 

is located at a distance of 200 km from the generating source 

athrough a 0.4 Ω resistor, in a period of 200ms. The voltage 

recovery ability of the DVR system to protect the load in 

Medium voltage grid before the incidents. The results of the 

system construction in Matlab - Simulink software is shown 

in Fig 3 as follows: 

 

 
 

Fig 3: Model of the DVR system connected grid 
 

Considering the incident of a 3-phase short circuit through a 

resistor of 0.4 ohm in the period of 400-600 ms. When short 

circuit occurs, it affects the voltage and current across the 

grid. 

 

 
 

Fig 4: Voltage magnitude of each phase near the source during a 

three-phase voltage sag without the DVR 

 

 
 

Fig 5: Voltage, current of the source and load during a three-phase 

voltage sag without the DVR 
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Fig 6: Voltage, current of the supply source and load when using 

the DVR system during a three-phase voltage sag with the DVR 

 

 
 

Fig 7: Load voltage magnitude when using the DVR system during 

a three-phase voltage sag with the DVR 

 

When a short-circuit problem occurs, thanks to the DVR 

system, the phenomenon of voltage sag is almost completely 

reduced and the AC load voltage remains at 96% as shown 

in Fig 7 When using the DVR system, the load voltage 

magnitude closely follows the setting values. This helps 

DVR to ensure the supply of voltage to compensate for the 

voltage sag of the grid, improving electric power quality, 

ensuring quick restorer for the grid. 

 

4. Conclusion 

The paper presents a method of designing voltage stability 

for loads by DVR with the application of PWM controller. 

The results of system simulation when using the DVR with 

the application of PWM controller show the accuracy of the 

effectiveness of the proposed method. The application of 

PWM controller to the DVR increases the voltage quality, 

stabilizes the voltage, helps loads to operate normally when 

the incidents of transmitting or unstable power supply arise. 

With the design and simulation results for the DVR system 

model, the voltage sag on voltage line has been maintained.  

 

5. Acknowledgment  

The author acknowledges the Hanoi Industrial Textile 

Garment University for supporting this works. 

 

6. References 

1. Moghassemi A, Padmanaban S. Dynamic voltage 

restorer (DVR): A comprehensive review of topologies, 

power converters, control methods, and modified 

configurations. Energies. 2020; 13(16):4152. 

2. Farhadi-Kangarlu M, Babaei E, Blaabjerg F. A 

comprehensive review of dynamic voltage 

restorers. International Journal of Electrical Power & 

Energy Systems. 2017; 92:136-155. 

3. Sadigh AK, Smedley KM. Review of voltage 

compensation methods in dynamic voltage restorer 

(DVR). In 2012 IEEE Power and Energy Society 

General Meeting, July 2012, 1-8. IEEE. 

4. Sadigh AK, Babaei E, Hosseini SH, Farasat M. 

Dynamic voltage restorer based on stacked multicell 

converter. In 2009 IEEE Symposium on Industrial 

Electronics & Applications. 2009; 1:419-424. IEEE. 

5. Sadigh AK, Hosseini SH, Farasat M, Mokhtarpour E. 

Voltage flicker mitigation with dynamic voltage 

restorer. In 2010 1st Power Electronic & Drive Systems 

& Technologies Conference (PEDSTC). February 2010, 

388-392. IEEE. 

6. Bollen MHJ, De Graaff RAA. Behavior of AC and DC 

drives during voltage sags with phase-angle jump and 

three-phase unbalance. In IEEE Power Engineering 

Society. 1999 Winter Meeting (Cat. No. 99CH36233). 

1999; 2:1225-1230. IEEE. 

7. Magueed FA, Sannino A, Svensson J. Transient 

performance of voltage source converter under 

unbalanced voltage dips. In 2004 IEEE 35th Annual 

Power Electronics Specialists Conference (IEEE Cat. 

No. 04CH37551). 2004; 2:1163-1168. IEEE. 

8. Azim MR, Hoque MA. A fuzzy logic based dynamic 

voltage restorer for voltage sag and swell mitigation for 

industrial induction motor loads. International Journal 

of Computer Applications. 2011; 30(8):9-18. 

9. Mendes WR, Samesima MI, Moura FA. Influence of 

power transformer winding connections on the 

propagation of voltage sags through electric system. 

In 2008 5th International Conference on the European 

Electricity Market, May 2008, 1-6. IEEE. 

10. Bollen MH. Voltage sags in three-phase systems. IEEE 

Power engineering review. 2001; 21(9):8-15. 

11. Eggers M, Teske P, Dieckerhoff S. Virtual-Impedance-

Based Current-Limitation of Grid-Forming Converters 

for Balanced and Unbalanced Voltage Sags. In 2022 

IEEE 13th International Symposium on Power 

Electronics for Distributed Generation Systems 

(PEDG). June 2022, 1-6. IEEE. 

12. Ramachandaramurthy VK, Arulampalam A, Fitzer C, 

Zhan C, Barnes M, Jenkins N. Supervisory control of 

dynamic voltage restorers. IEE Proceedings-Generation, 

Transmission and Distribution. 2004; 151(4):509-516. 

13. Mansor M, Rahim NA. Phase angle analysis for PWM-

switched autotransformer voltage-sag compensator. IET 

Power Electronics. 2012; 5(9):1882-1891. 

14. Camacho A, Castilla M, Miret J, Guzman R, Borrell A. 

Reactive power control for distributed generation power 

plants to comply with voltage limits during grid 

faults. IEEE Transactions on Power Electronics. 

2014; 29(11):6224-6234. 

15. Leborgne RC. Voltage sags characterization and 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

581 

estimation. Chalmers Tekniska Hogskola (Sweden), 

2005. 

16. Omar R, Abd Rahim N. New control technique applied 

in dynamic voltage restorer for voltage sag mitigation. 

In 2009 4th IEEE Conference on Industrial Electronics 

and Applications. May 2009, 848-852. IEEE. 

17. Sannino A, Miller MG, Bollen MH. Overview of 

voltage sag mitigation. In 2000 IEEE Power 

Engineering Society Winter Meeting. Conference 

Proceedings (Cat. No. 00CH37077). 2000; 4:2872-

2878. IEEE. 

18. Gencer OO, Ozturk S, Duru HT. Influence of Phase-

Angle Jump on Inrush Currents of Transformers. 

In MELECON 2006-2006 IEEE Mediterranean 

Electrotechnical Conference, May 2006, 1064-1067. 

IEEE. 

19. Babaei E, Kangarlu MF, Sabahi M. Mitigation of 

voltage disturbances using dynamic voltage restorer 

based on direct converters. IEEE Transactions on Power 

Delivery. 2010; 25(4):2676-2683. 

20. Jothibasu S, Mishra MK. An improved direct AC–AC 

converter for voltage sag mitigation. IEEE Transactions 

on Industrial Electronics. 2014; 62(1):21-29. 

21. Babaei E, Kangarlu MF, Sabahi M. Dynamic voltage 

restorer based on multilevel inverter with adjustable 

dc‐link voltage. IET power electronics. 2014; 7(3):576-

590. 

 

 

http://www.multiresearchjournal.com/

