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Abstract—a Dynamic voltage restorer (DVR) is introduced 

to reduce voltage sags and harmonics is preferred. In this work, 

the construction of the DVR has shunt and series converters 

coupled back to back by a dc- to dc step up converter. The 

existence of the dc to dc step up converter access the DVR to 

reduce voltage sags for longer period. The series converter 

coupled to the supply side and the shunt converter coupled to the 

load side. By this, no requirement for using long dc capacitors in 

this. The control strategy of the recommended DVR is rests on 

the hysteresis voltage control. The recommended DVR is 

simulated using MATLAB/SIMULINK. Time domain 

simulations are preferred to examine the working and behavior 

of the DVR with linear and non-linear loads 
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dc-dc step upconverter;harmonics; voltage sags 

1. INTRODUCTION 

Dynamic voltage restorer (DVR) is a series coupled 

flexible ac transmission systems (FACTS) controller adopted 

to reduce voltage sags in uneven situations in distribution 

systems. The DVR has distinct system techniques. These 

techniques are: (i) DVR with no storage and supply-side 

coupled shunt converter, (ii) DVR with no storage and load-

side-coupled shunt converter, (iii) DVR with energy storage 

with varying dc-link-voltage and (iv) DVR with energy 

storage and with constant-dc link voltage. The preferred DVR 

is a DVR with no storage and load side coupled shunt 

converter to acquire maximum gains from the device. The 

control strategy has two control loops; the internal loop for 

producing the gate signal of the switches of the DVR and the 

external loop for the reference voltage signal of the DVR. 

 
2. CONFIGURATION AND CONTROL OF DVR 

 

The shunt converter coupled to the load side is 

uncontrolled rectifier, has uncontrollable dc output 

voltage 𝑉𝑑𝑐1. The uncontrolled rectifier is coupled to the load 

bus by a step down transformer. The dc resultant voltage of 

the rectifier 𝑉𝑑𝑐1 is the input voltage of the dc-to-dc step up 

converter. The resultant voltage of the step up converter 

𝑉𝑑𝑐2 is the input dc voltage of the VSC of the DVR. By this, 

the uncontrolled rectifier receives non-linear current, the DVR 

can able to reduce all harmonics obtained with the load 

voltage. 

 
 

2.1 DC VOLTAGE CONTROL OF THE DVR 

 

The step up converter restricts the duty cycle D to withstand 

its dc output voltage 𝑉𝑑𝑐2 at the reference value 𝑉𝑑𝑐𝑟𝑒𝑓 . It can 

be achieved using proportional and integral (PI) controller as 

shown in Fig. 1. The PI controller compares between 𝑉𝑑𝑐𝑟𝑒𝑓   

and 𝑉𝑑𝑐2 to cause the error 𝑒vdc. The error 𝑒vdc is passed by the 

PI controller to trigger the respective duty cycle D which in 

turns fed into the switching pulse generation block to generate 

the switching pulses of the MOSFET. 

2.2 VOLTAGE SAG DETECTION SCHEME 

 

Fig.2 represents a SIMULINK model of the sag detection 

scheme. In Fig.1 the 3-phase instantaneous output voltage 

(𝑣𝑠𝑎, 𝑣𝑠𝑏and𝑣𝑠𝑐) from the voltage sag detection model is the 

first 

 

 

Figure1: schematic diagram of the  DVR 
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Figure2:Simulink model of the voltage sag detection 

reference input to the hysteresis controller block. 

2.3 HARMONIC’S DETECTION SCHEME 

In the model Fig.3, the fundamental component of respective 

phase is taken from the equivalent distorted supply voltage. 

Then, the fundamental component of respective phase taken 

out from the equivalent distorted supply voltage to obtain the 

harmonics existed in its concerned phase voltage. With this 

arrangement, all harmonics available in the supply voltage can 

be detected. The harmonics, obtained in its respective phase, 

are the 2nd reference instantaneous input voltages (vha,vhb and 

vhc) to the hysteresis controller block. 

2.4 AC VOLTAGE CONTROL OF THE DVR 

Standard two-level hysteresis voltage control, which is a kind 

of non-linear voltage control lies on the voltage error, is 

implemented. The hysteresis controller generates the 

switching pulses that are fed to the VSC. The generated 3-

phase voltage o f the DVR is feed by a series transformer. As 

shown in Fig. 1, an ac filters (Rfac and Cfac) are coupled across 

the series transformer to remove the switching ripples 

produced by the VSC. 

 

 
 

Figure3: Simulink model of the harmonics detection scheme 

3. DESIGN OF DVR COMPONENTS 

In this section, the dc capacitor 𝐶𝑓𝑑𝑐 of the 

uncontrolled rectifier, the dc capacitor 𝐶𝑑𝑐 and the inductor 

𝐿𝑑𝑐 of the dc-to-dc step up converter are designed based on 1-

ɸ voltage sag which produces a voltage fluctuation with 

double the line frequency of the dc capacitor. 

The voltage sag factor 𝑘𝑠𝑎𝑔 is notified as 

       𝑘𝑠𝑎𝑔
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ =

v sag

v spre − sag
 

where v sag is the  sag load voltage and v spre-sag is the pre-sag 

load voltage  

The magnitude of the voltage sag factor |𝑘𝑠𝑎𝑔
̅̅ ̅̅ ̅̅ | is equal to the 

Depth of the voltage sag Dsag  that is 

                                               𝐷𝑠𝑎𝑔=|𝑘𝑠𝑎𝑔
̅̅ ̅̅ ̅̅ | 

 

3.1 SIZING OF THE DC CAPACITOR 𝐶𝐹𝐷𝐶  

The required capacitance of the dc capacitor 𝐶𝑓𝑑𝑐 is 

represented as 

                          Cfdc=
DsagVsL−LILcosφ

2√3𝜔𝜀𝑉𝑑𝑐1
2(3−𝐷𝑠𝑎𝑔)

 

Where VsL-L is the line-line rated load voltage, IL is the rated 

load current, cos𝜑 is the power factor of the load, 𝜔 is the 

angular speed (𝜔=2𝜋f), 𝜀  is the allowable dc voltage 

fluctuation (𝜀 = ∆𝑉𝑑𝑐1/𝑉𝑑𝑐1) andVdc1 is the dc voltage of the 

uncontrolled rectifier. The dc voltage of the uncontrolled 

rectifier (Vdc1) is almost equal to the value of line-to-line load 

voltage (Vdc1=Vs L-L). 

                           Cfdc =
DsagILcosφ

2√3𝜔𝜀𝑉𝑠 𝐿−𝐿(3−𝐷𝑠𝑎𝑔)
 

In Fig.4 As voltage sag increases, the size of the dc capacitor 

Cfdc has to be increased because the dc capacitor should supply 

higher Power at high sag depths. 

3.2 Sizing the inductor Ldc and the dc capacitor Cdc 

The inductor Ldc and the capacitor Cdc of the dc-to-dc 

step up converter are given as 

                         Ldc= 
𝑉𝑑𝑐1𝐷

∆𝐼𝑑𝑐2𝑓𝑠
 

                          Cdc = 
𝐼𝑑𝑐2𝐷

∆𝑉𝑑𝑐2𝑓𝑠

  where D is the duty cycle of the 

dc-to-dc step up converter, fs is the switching frequency of the 

switch (MOSFET) of the dc-to-dc step up converter, ∆Idc2 is 

the dc output current ripple of the dc-to-dc step up converter, 

Idc2 is the dc output current of the dc-to-dc step up converter 

and  ∆Vdc2 is the ripple dc output voltage of the dc-to-dc step 

up converter. From this the inductor Ldc is directly 

proportional to the duty cycle D and the dc voltage of the 

uncontrolled converter Vdc1 .since Vdc1=Vs L-L and by taking 

D=Dmax,    then       Ldc=
𝑉𝑠𝐿−𝐿𝐷𝑚𝑎𝑥

∆𝐼𝑑𝑐2𝑓𝑠

 

The maximum duty cycle Dmax is given by 

                                D max= 
𝑉𝑑𝑐2−𝑉𝑑𝑐1𝑚𝑖𝑛

𝑉𝑑𝑐2
  

Where Vdc2is the dc output voltage of the dc-to-dc converter 

and Vdc1min is the minimum dc voltage of the uncontrolled 

rectifier.  
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Figure4: Relation between dc capacitor cfdc and voltage sag depth (Dsag) 

 

So finally the magnitude of the inductor L dc can be achieved 

by  

L dc =
𝑉𝑠𝐿−𝐿(𝑉𝑑𝑐2+𝐷𝑠𝑎𝑔𝑉𝑠𝐿−𝐿−1)

∆𝐼𝑑𝑐2𝑓𝑠𝑉𝑑𝑐2
 

The dc capacitor of the dc to-dc step converter Cdc can be 

achieved by 

 

C dc =
𝐼𝑑𝑐2(𝑉𝑑𝑐2+𝐷𝑠𝑎𝑔𝑉𝑠𝐿−𝐿−1)

∆𝑉𝑑𝑐2𝑓𝑠𝑉𝑑𝑐2
 

The active power feed by the DVR during the voltage 

Sag, disregarding the losses in the PWM converter, is 

achieved by 

             Pinj= Dsag
𝑉𝑠𝐿−𝐿

√3
IL cos 𝜑=Vdc2Idc2 

Thus, the dc capacitor Cdc can be obtained by 

 

C dc =
𝐷𝑠𝑎𝑔𝑉𝑠𝐿−𝐿𝐼𝐿𝑐𝑜𝑠𝜑(𝑉𝑑𝑐2+𝐷𝑠𝑎𝑔𝑉𝑠𝐿−𝐿−1)

√3∆𝑉𝑑𝑐2𝑓𝑠𝑉2
𝑑𝑐2

 

In Fig.5 as the 𝐷𝑠𝑎𝑔 increases the magnitude of the inductor 

𝐿𝑑𝑐 has to be increased 
 

 
4. TIME DOMAIN SIMULATION 

 To examine the working of the recommended DVR, four 

different cases are introduced. They are: 

1. Recompensing 60% 3-phase voltage sag with +28°  

Phase jump concerning linear and non-linear loads 

(Figs.6 and 7). 

 

 

Figure5: Relation between capacitor Ldc and voltage sag depth (Dsag) 

 

 

Figure6: System response because of 3-phase 60% voltage sag at +28° 

phase jump (linear load) 

2. Recompensing supply voltage harmonics (fifth and 

seventh harmonics) only with linear and non-linear loads 

(Figs. 8and9). 

3. Simultaneous Recompensing of 60% 3-phase voltage      

with +28°phase jump and supply voltage harmonics (fifth 

and seventh harmonics) with linear and non-linear loads 

(Figs. 10and11). 

4. Simultaneous Recompensing of 50% 1 − ɸ voltage sag 

with +28° phase jump and supply voltage harmonics (fifth 

and seventh harmonics) with linear and non-linear loads 

(Figs. 12and13). 

As the supply voltage sags, the dc voltage of the three-

phase rectifier (Vdc1) falls and rests constant at lower 

value. To maintain the output voltage of the dc- to-dc 

converter at the pre setting value (Vdc=500 V) the PI 

controller enhances the duty cycle D. The duty cycle D 

returns to its value as the supply voltage restored.   

 

 

Figure: System response due to 3-phase 60% voltage sag with +28° phase 

jump (non-linear load) 
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Figure7: System response due to 3-phase 60% voltage sag at +28° phase 
jump (non-linear load) 

The distorted voltage can be obtained at 5th and 7th harmonics 

are with respect to the supply voltage. The value of the 5th type 

harmonics is 12.5% and 7th type harmonics is  8.52% of the 

supply voltage. The THD of the supply voltage is 15.2% in 

linear as well as in non linear loads whereas the THD of the 

load voltage is 0.4% and 0.5%   for linear and non-linear loads 

respectively. This shows that the DVR has the ability to 

minimize the 5th and 7th harmonics of the supply voltage. 

Figs.10 and 11. Shows simultaneous steady-state harmonics 

and voltage sag compensation capabilities of the DVR taking 

account of linear and non-linear loads for 60% 3-phase voltage 

sag with +28°phase jump.The magnitudes of the 5th and 7th 

type harmonics are 12.5 and 8.52% of the supply phase 

voltage which are kept static during the voltage sag to take it 

as worst-case scenario respectively. From table1 the DVR has 

the ability to reduce harmonics and also the 3- phase voltage 

sag. It can be seen from Figs. 7, 9 and 11 that the THD of the 

load current is 4.2% with non-linear load. The THD of the 

load current can be reduced by adding an inductor in series  

 

 

   Table1: THD values at different loads at voltage sag           

conditions 

Linear Load Non-Linear Load 

S.No Voltage THD 

(In %) 

S.No Voltage THD 

(In %) 

1 Supply 

Voltage 

22.22 1 Supply 

Voltage 

22.22 

2 Load 

Voltage 

1.2 2 Load 

Voltage 

2.1 

     

with the non-linear load. Figs. 10and 11show,         

respectively, simultaneous steady state harmonics and 

voltage Sag compensation capabilities of the DVR   with 

linear and non-linear loads for 50% single-phase voltage 

sags at +28°phase jump. 

 

 
 

 

 

Figure8: steady-state harmonics compensation (linear load) 

 

 

                                                    

 

Figure 9: steady-state harmonics compensation (non-linear load) 
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Figure10:3 -phase 60% voltage sag at +28°phase jump (linear load) and 

harmonic compensation 

 

 

 
 

 
 

 
Figure11: 3-phase 60% voltage sag at +28°phase jump (non-linear load) and 

harmonic compensation 

 
 

 
 

 
 

Figure 12: Single-phase 50% voltage sag at +28°phase jump (linear load) 

and harmonic compensation 

 

 

Figure13: single -phase 50% voltage sag at +28°phase jump (non-linear load) 
and harmonic compensation 

The simulation test is done and the components are designed  

depends on the case 50% single-phase voltage sag condition. 

Based From Figs. 12and 13 observed that the dc voltage of the 

shunt rectifier Vdc1 and the output dc voltage of the dc-to-dc 

step up converter Vdc2 had fewer fluctuations. 

5. CONCLUSION 

This work has recommended a DVR that can be used not only 

reduce deep voltage sags but also to reduce Steady state 

harmonics simultaneously. A hysteresis voltage control 

method is adopted for harmonic compensation to the DVR. It 

shows that the shunt rectifier and the dc-to-dc step up 

converter needs higher dc capacitor size at higher power factor 

loads. Besides, it shows that when the depth of the voltage sag 

increases, the capacity of dc capacitors of shunt rectifier and 

the dc-to dc step up converter and also the capacity of the 

inductor of the dc to dc step up converter have to increase. 

Time domain simulations of the DVR, under distinct 

conditions including distorted supply voltage and distorted 

http://www.jetir.org/


© 2019 JETIR  March 2019, Volume 6, Issue 3                                        www.jetir.org  (ISSN-2349-5162) 
 

JETIR1903695 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 657 

 

voltage sags, have analyzed the performance of the 

recommended DVR. 
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7. APPPENDIX 

 

1. Power supply: VsL-L=415V,f=50Hz 

2. Dc-to-dc step up converter: Ldc =12 mH, Cdc =30 mF; 

     DC voltage control: Kp =0:06, Ki = 0:9. Dmax = 0.8 and 

      Dmin =0.15. 

3. Series transformer: 240 Vphase/240Vphase, r1= 

r2=0.004pu,                    x1=x2=0.08 Pu 

  4. Shunt transformer: 240Vphase/120Vphase, r1 =r2 =0.004 Pu, x1   

= x2 = 0.08 Pu 

  5. DC link capacitor: Cfdc= 200 mF   

  6. Sensitive loads 

    Linear load: RL =10.78 V, XL =0.808 V. 

    Non-linear load: RLdc=15V, CLdc=2000mF. 

7. RC-AC filter: Rfac=1V,Cfac=50 mF 
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