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Abstract -In this paper various power quality 

problem caused by voltage sag or swell on power 

system are discussed. These problems will create 

failure of end user equipments which are sensitive to 

power quality supply.  By the introduction of Custom 

power devices namely DVR, DSTATCOM, UPQC various 

problems are reduced. Here an attempt is taken in this 

paper to review from its establishment to an up to date 

bibliography on DVR for power quality improvement. 

Basically the main function of DVR is to eliminate 

voltage sag. Various control strategies and its 

improvement is analyzed. Finally, the explorations on 

DVR incorporating with BESS, different voltage 

injection method have also been discussed. But PI 

controller with PWM technique provides good control 

for sag elimination with reduced voltage. 
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1.  INTRODUCTION 
 
Voltage sag due to fault has become one of the most 
important power quality problem facing industrial 
consumers. Any disturbance to the voltage waveform can 
result in problem related with the operation of electrical 
and electronics devices which uses need constant sine 
wave shape, constant frequency and symmetrical voltage 
with constant RMS value to continue production. This 
increasing interest to improve overall efficiency and 
eliminate variation in the industry have resulted more 
complex instrument that can sensitive to voltage 
disturbance. 
Static Series Synchronous Compensator (SSSC) 
commercially known as Dynamic Voltage Restorer (DVR) 
inject voltage in series with the system voltage provides 
most cost effective solution to mitigate voltage sags by 
improving power quality level that is required by the 
customer When fault s in a distribution network sudden 
voltage sag will appear adjacent loads. DVR installed on 
sensitive load (critical load) resistors the line voltage to its 
normal value in few milliseconds. 
The conception of custom power is to use static controller 
or power electronics devices in the medium voltage 

distribution system aim to supply reliable & high quality 
power to the user’s sensitive load. Sensitive load on 
distribution side like semiconductor manufacturing plant, 
paper mil, food industries etc, uses DVR for eliminating 
voltage sag.  
DVR as a custom power device could be means to 
overcome some major power quality problems such as 
voltage sag by the way of injecting active or/and reactive 
power into two system. .  
DVR is connected in series with the transmission line 
which is shows in figure 1. When source supply voltage  
changes DVR connected in series injects dynamically 
controlled voltage in series with supply voltage through a 
series transformer correct the sag or swell present in 
system. However in control of DVR not only voltage 
magnitude (injection) but also active and or reactive 
power injection is needed.   
 
 

 
Fig -1: DVR Location  
 
The rating of DVR as module is 2 MVA per module. It 
compensates 35% of voltage sag for a very less duration of 
time of half a second. If SLG (single line to ground) fault is 
occurs than it compensate voltage sag greater than 50%. 
For Energy storage device capacitor is used which 
requires 0.2 to 0.4 MJ per MW of load served through a 
transformer, connected in series with DVR.[6] 
When the DVR is used as standby mode at that time no 
voltage is injected and converter is bypassed. At a instant 
when voltage sag is detected, DVR inject a series voltage of 
required value this is called as boost mode. 
DVR can also be used as active filter for isolating 
harmonics current from source side to load side. In this 
operation IGBT or IGCT is used with it. 

 
2. DYNAMIC VOLTAGE RESTORER 
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Shows the main component of DVR connected in series 
with the distribution system used for voltage correction. 
Typically DVR consist of energy storage system force 
commutated VSC, passive filters and series booster 
transformers.[6] 
 

 
 
Fig -2: Main Component of DVR 
 
Voltage source converter used is of 3 phase 3wire or 

3phase 4 wire. The passive filter is connected on converter 

side or transformer side. When it is on converter side the 

higher order harmonics current doesn’t flow through 

transformer winding.The ESS can be used to protect 

sensitive production equipments from shutdowns caused 

in voltage sags. These is usually DC storage systems such 

as UPS, batteries, superconducting magnetic energy 

storage (SMES) storage capacitor or even flywheels 

driving DC generators. The enough energy is feed to the 

system to compensate the energy that would be lost by 

voltage sag. A delta /open or star/ open winding can be 

used in series transformer. A delta/open winding Is 

preferably used since it prevents the third harmonic and 

zero sequence current entering into the system and also 

maximize the use of DC link compare to star/open 

winding. 

The control apparatus of the general configuration 
typically consists of hardware with programmable logic. 
All protective functions of the DVR should be implemented 
in the software. Differential current protection of the 
transformer, or short circuit current on the customer load 
side are only two examples of many protection functions 
possibility. 

3. OPERATION OF DVR 

 

Fig-3: Voltage Injection 

It shows that the initial voltage of DVR is VS and as the sag 

occurs VS reduces to VS1 DVR must supply voltage equal to 

VC1 in that case 

VL=VS1+VC1 

When injected voltage is in phase with the supply voltage 

the desired injection (voltage correction) may be achieved 

with a minimum voltage injection, but it may require a 

considerable amount of active power injection into the 

system. When the injected voltage leads to supply voltage, 

same correction can be made with a lower value of active 

power injection. This is possible at an expense of high 

voltage injection. Such as operation requires careful 

determination of injected voltage and angle. In general the 

active and reactive power flow is controlled on the angle 

between the voltage that is injected in series with the line 

and the line current. When the injected voltage is in phase 

with the current only active power is changing with the 

line otherwise if the voltage is in quadrature with the 

current only reactive power will change with the line, with 

minimum active power injection will be required if the 

power factor of supply is unity. 

 

Fig-4: in-phase and quadrature voltage injection 

Without energy storage system (ESS), the DVR can only 

inject voltage in quadrature with the load current to 

mitigate the voltage sag. In addition reactive power 

compensation is only effective for small voltage sag. ESS 

gives flexibility to inject voltage at any phase angle and 
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compensate for deeper voltage sag, voltage sag with phase 

jumps and longer duration voltage sag. From fig 4.[6] 

Vs=VL+ILZ   Where, Vs= supply voltage 

             Z = impedance 

             IL = Line current 

             VL= load voltage 

A disturbance or fault in the system may reduce the supply 

voltage magnitude ‘Vs’ to a new value VS.New. The  supply 

voltage can be maintained by the injection of Vi 

VS.New+Vi = VL+ILZ 

VS.New= (VL+ILz)-Vi 

Where , 
              Vi = (VL+ILZ)-VS.New,  Vi = injected voltage 
              α = phase angle of Vi 

The ratio of ESS (Complex Apparent Power) is  

Si = 3.Vi.IL 

IL = current representing complex conjugate. 

Si = 3(VL+ILZ-VS.New).IL 

When α = S, Si will be minimum. 

            The direction of ILZ depends on the power factor of 

load (lagging P.F in this case) and impedance of line. 

However injected complex power depends on the 

amplitude & phase of injected voltage Vi. 

If Vd is % voltage dip then 

VS.New = VS – Vd.VS   {Vd is phaser quantity} 

            = (1-Vd)Vs 

Si is given by 

Si =3 (|Vd| |Vs|. |I|e(δ+Φ)) 

The voltage deviation ‘Vd’ of the system is reffered as a 

voltage  in the  utility industry. 

       VD =(VS - VL)/  VL 

       VS = VD.VL+VL 

       VS = VL (1+VD) 

The absolute value of  KVA injected by ESS of DVR is given 

by the equation of power. 

|Si| = 3 (|Vd|.VL(1+VD).|I|-δ+Φ) 

 

4. SIMULATION 

 
Fig -5: Single Line Diagram of Power System 

 
Table -1: Parameter used in simulation 
Sr.No  System Quantities  Standards  

1.  Three phase source  11kV, 50Hz  

2.  Step up transformer  Y/Δ/Δ, 11/115/115kV  

3.  Transmission line 

parameters  

R=0.001Ω, 

L=1.33𝜇𝐻  
4.  Step down transformer  Δ/𝑌, 115/11 kV, Y/Y 

, 11kV/440V  

5.  Distribution load parameters  R=20Ω, L=1mH  

6.  Inverter  IGBT based, 3 arms, 

6 pulse, Carrier 

frequency=1080Hz, 

Sample time=5𝜇s  

7.  PI controller  KP=0.5,Ki=50,Sample 

time=50𝜇s  

8.  DC Voltage source  450V  

9.  Injection/Linear/Isolation 

transformer  

1:1 turns ratio, 

440/440V  

As shown in figure 5, single line diagram of power system 
feeing two parallel lines. The fault is occurring in second 
line for duration 0.1 to 0.2 second. All data taken for 
simulation are mentioned in table. First we are 
considering the system without fault. 

 
Fig-6: system without fault 
 

 
Fig-7: output voltage without fault 
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Fig-8: System with fault 
 

 
Fig-9: voltage sag 
 
When fault occur the voltage sag is observe for duration 
0.1 to 0.2 second. This sag is 75% of real voltage. 
 

 

 
 
Fig-10: Voltage injection through DVR 
When we connect DVR the required voltage is injected 
through linear transformer.  PI Controller and PWM 
scheme is  used for pulse generation. 

 
 
Fig-11: Sag elimination using DVR 
 

 
Fig-12: Control Circuit  
This chart shows the reduced harmonics value. The 
THD=1.88% only. This is clear this scheme uses low 
harmonics frequency. 
 

 
Chart -1: Harmonics analysis 
 
When DVR is controlled by discrete PWM scheme using PI 

controller the three phase balanced fault is applied with a 

fault resistance. The fault condition is applied between the 

time period of 0.1 to 0.2s and voltage sag condition is 

created in the system. This control scheme based on PI 

controller is able to compensate 100% percentage of 

voltage sag value. [9] 
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5. CONCLUSIONS 
 
In this paper we have analyzed the control of DVR based 

on discrete PWM technique using PI controller, The 

discrete PWM technique using PI controller work 

efficiently. The discrete PWM scheme using PI controller 

compensated 100% of the voltage sag condition. This is 

also analyzed that it reduces the harmonics contents, and 

required DC voltage Source is of reduced rating. The new 

technique with reduced rating VSC for sag compensation 

are errorless, provide 100 percentage compensation. [1] 

ACKNOWLEDGEMENT 

The authors thanks Dr.D.P. Kuthari for their support.  
 

REFERENCES 
 
[1] S. M. Metev and V. P. Veiko, Laser Assisted 

Microtechnology, 2nd ed., R. M. Osgood, Jr., Ed.  Berlin, 
Germany: Springer-Verlag, 1998. 

[2] J. Breckling, Ed., The Analysis of Directional Time 
Series: Applications to Wind Speed and Direction, ser. 
Lecture Notes in Statistics.  Berlin, Germany: 
Springer, 1989, vol. 61. 

[3] S. Zhang, C. Zhu, J. K. O. Sin, and P. K. T. Mok, “A novel 
ultrathin elevated channel low-temperature poly-Si 
TFT,” IEEE Electron Device Lett., vol. 20, pp. 569–571, 
Nov. 1999. 

[4] Pychadathil Jayaprakash, Bhim Singh, D. P. Kothari 

“Control of Reduced-Rating Dynamic Voltage Restorer 

With a   Battery Energy Storage System” IEEE 

TRANSACTIONS ON INDUSTRY  APPLICATIONS, 

VOL. 50, NO. 2, MARCH/APRIL 2014 

[5] John Godsk Nielsen, Michael Newman,Hans Nielsen, 

and Frede Blaabjerg, “Control and Testing of a Dynamic 

Voltage Restorer (DVR) at Medium Voltage Level” 

IEEE TRANSACTIONS ON POWER ELECTRONICS, 

VOL. 19, NO. 3, MAY 2004. 

[6] John Godsk Nielsen, Michael Newman,Hans Nielsen, 

and Frede Blaabjerg, “Control and Testing of a Dynamic 

Voltage Restorer (DVR) at Medium Voltage Level” 

IEEE TRANSACTIONS ON POWER ELECTRONICS, 

VOL. 19, NO. 3, MAY 2004. 

[7] Wunderlin, P. Dahler, D. Amhof, and H. Gruning, 

“Power supplyquality improvement with a dynamic 

voltage restorer,” in  Proc. Int. Conf. Energy Manage. 

Power Delivery, vol. 2, 1998, pp. 518–525. 

[8] J.G Neilsen, F. Blaabjerg, Comparison of system 

topologies for dynamic voltage restorer”, IEEE Industry 

Applications Conference 2001, vol. 1, pp. 2397-2403. 

[9] K R Padiyar, “FACTS Controller in power transmission 

anddistriburion”,New age international publishers, 2007. 

[10] N H Woodly, L Morgan, A Sundaram, “Experience With 

An Inverter-Based Dynamic Voltage Restorer”, IEEE 

Transaction On Power Delivery Vol.14, No.3, July 1999. 

[11] Paisan Boonehiam and Nadarajah, “Understanding of 

Dynamic Voltage Restorer Tgrough MATLAB 

Simulation”, Thammasat Int J.sc. Tech, Vol. 11, No. 3, 

July-September 2006. 

[12] S Saravanan, M Solaimanigandan, T Tharaneetharan, V 

Varunraj, S Parthasarathy, “Dynamic Voltage Restorer 

for Distribution System” International Journal of 

Engineering Research and Development e-ISSN: 2278-

067X, p-ISSN: 2278-800X, www.ijerd.com Volume 7, 

Issue 1 (May 2013), PP. 14-24 14  

 

BIOGRAPHIES 
  

Shabnam Rukhsar  was born in 

Nagpur, India, in 1989. She 

received the BE. Degree in 

electrical engineering from and the 

Rashtrasant Tukdujimaharaj 

University Nagpur, India, in 2011 

and presently M.Tech. pursuing 

.She Join Electrical  Engineering, 

A.C.E.T Nagpur, India, where she is 

currently an Assistant Professor. 

Her fields of interest are power 

quality, power electronics, power 

systems, and renewable energy.  

 

D. P. Kothari (M’03–SM’03–F’11) 

received the B.E. degree in 

electrical engineering, and the M.E. 

degree in power systems, and the 

Doctoral degree in electrical 

engineering from Birla Institute of 

Technology and Science, Pilani, 

India . He was a National Science 

Foundation Fellow at Purdue 

University, West Lafayette, IN, USA, 

in 1992. He has guided 28 Ph.D. 

scholars and has extensively 

contributed in these areas as 

evidenced by the 520 research 

papers that he authored. He has 

also authored 23 books on power 

systems and allied areas.  

 


