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Abstract - Power quality related issues in distribution network 
can be effectively taken care by dynamic voltage restorer. DVR 
is one of the costumed power devices which find application in 
mitigating voltage flickers, voltage sag, current harmonic, 
frequency stability and other power quality issues. Among above 
mentioned PQ issues voltage sag and swell are frequently 
occurring events due to nonlinear behavior of load, stress in the 
distribution network and faults in the network. This paper 
presents simulation of dynamic voltage restorer connected to 
distribution network. DVR mitigates voltage sag and restores of 
voltage stability under the condition of three phase fault. DVR 
has many advantages like lower cost, smaller size, and its fast 
dynamic response to the disturbance. The DVR has been 
modeled in MATLAB using simulink block Sinusoidal Pulse 
Width Modulation (SPWM) technique. 
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I. INTRODUCTION  

Power quality has turned into a noteworthy issue of worry 
from the seasons of modernization and urbanization in light 
of expanding present day mechanical and business 
applications. Voltage issue, for example, the voltage droop 
and swell are the most widely recognized power quality 
issues these days. These power quality issues may result in 
complete shut-down of any voltage sensitive equipment 
affecting the industrial output. The power quality issues 
influence the microchip based burdens, process types of 
gear, delicate electric segments which are profoundly 
touchy to voltage level vacillations. It has been 
distinguished that power quality can be corrupted both 
because of utility side variations from the norm and in 
addition load side irregularities. For better productivity and 
the working of the types of gear we have to conquer such 
issues. The best method to beat these issues is the custom 
power gadgets. Custom power gadgets are the gadgets 
which are utilized by the clients and are put on the 
distribution side. Dynamic Voltage Restorer (DVR) is one 
of the custom power gadgets which have been discovered 
to be most proficient and successful in the power 
distribution systems. It is an arrangement associated gadget 
that can rapidly reduce the voltage aggravations in the 
framework and reestablish the heap voltage to the pre-fault 
esteem. The principle capacity of a DVR is to screen the 
heap voltage waveform always and if any hang or surge 
happen, the adjust (or overabundance) voltage is infused to 
(or assimilated from) the heap voltage. The fundamental 

favorable position of the DVR is providing the clients with 
a brilliant consistent voltage keeping in mind the end goal 
to keep up the coherence of generation. Its allure 
incorporates bring down cost, littler size and its quick 
unique reaction to the unsettling influence. This summary 
presents strategies by which a dynamic voltage restorer is 
utilized as a part of alleviating such power quality issues. 
This proposed work will display demonstrating, 
examination and reenactment of a Dynamic Voltage 
Restorer for control quality issues, voltage droop in view of 
Sinusoidal Pulse Width Modulation (SPWM) system 
utilizing MATLAB. The control of cascaded H bridge 
multilevel inverter (CHB-MLI) will be accomplished by PI 
controller. PI controller process the error and produce the 
gating pulses CHB-MLI when fault is recognized. In this 
paper three modes of operation is studied to analyse the 
performance of DVR; three phase fault without including 
DVR and including DVR to enhance voltage profile and to 
moderate hang. 

II. DYNAMIC VOLTAGE RESTORER (DVR) 

In The schematic diagram of DVR is presented in Figure 1. 
The main purpose of DVR is to boost system voltage at the 
point where it is connected in the condition of voltage sag. 
DVR is generally connected distribution side to maintain 
the voltage profile at customer end so that voltage sensitive 
equipments can be safeguard under the condition of voltage 
sag and swell. The DVR is a series connected device that 
injects additional voltage required by load into the supply 
system in order to adjust the load voltage to the desired 
amplitude and wave form even when the source voltage is 
unbalanced or distorted. This process involves insertion of 
real/reactive power from DVR to distribution feeder for 
voltage compensation. 
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Fig. 1 Schematic Diagram of DVR 
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The general configuration of the DVR consists of power circuit 
and control circuit. Equivalent circuit as shown in figure 1 and 
equation is as under: 

VDVR   =  𝑉𝑉𝐿𝐿 + ZTHIL + VTH    (1) 

Where VL is desired load voltage magnitude, ZTH is load 
impedance, IL is load current and VTH is system voltage (during 
faulty condition) 
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Figure 2 Equivalent Circuit 

The load current IL is given by 

𝐼𝐼𝐿𝐿 = PL  +jQ L
VL

      (2)  

When VL is considered as a reference equation can be written 
as  VDVR   ∠𝛼𝛼 =  𝑉𝑉𝐿𝐿∠𝟶𝟶 + ZTHIL ∠(β − θ) + VTH∠δ      (3) 

Where α is angle of VDVR ,β is angle of ZTH , δ is angle of VTH  and 
θ is load power angle 

θ = tan−1 QL
PL

     (4) 

The complex power injection of the DVR can be written as 

𝑆𝑆𝐷𝐷𝑉𝑉𝐷𝐷 = 𝑉𝑉𝐷𝐷𝑉𝑉𝐷𝐷  𝐼𝐼𝐿𝐿∗    (5) 

III. PROPOSED WORK 

This work is carried out to design and simulate DVR for the 
purpose to restore system voltage under the condition of 
system fault. A mathematical model of DVR is predicted 
for 11kv distribution system. The main components of the 
DVR are passive filter, storage unit, inverter and control 
circuit to control the output of the DVR. Passive LC filter is 
used to eliminate the system harmonics. The system has 
been analysed under the condition of fault to obtain 
harmonic free output voltage after connecting DVR at the 
distribution side. The work has been carried out in 
following steps; 

1. To design and simulate the mathematical model of the 
Dynamic Voltage Restorer for 11kV distribution line. 

2. Detection of voltage sags in the distribution system 
network. 

3. To select the best suitable control technique for DVR, by 
which DVR operates in order to obtain desired 
performance. 

4. To use multilevel inverter (Cascade H Bridge) in place of 
2-level voltage source inverter (VSI) to reduced total 
harmonic distortion (THD) within permissible limit. 

5. To design and tune a low pass L-C filter to filter out the 
harmonics from the output of the inverter and get the pure 
sinusoidal voltage for feeding the distribution system 
through transformer. 

IV. SIMULATION MODEL 

Complete simulation model of the system is shown in 
figure 3. The DVR consist of three phase five level 
CHBMLI connected with the help of delta connected 
coupling transformer to the distribution system. The 11KV 
50Hz supply system feeds two transmission lines through a 
3-winding transformer connected in Yg/Δ/Δ: 
11KV/132KV/132 kV. Control is designed for all the three 
phases for 11KV system. The parameter specification is 
given in table 1. The system is analyzed for three phase 
short circuit fault. The output voltage for before and after 
fault by connecting DVR is presented. 

 
Figure 3 Simulation model of the system 

TABLE 1 PARAMETER SPECIFICATION 

DVR parameters Values 
Main supply voltage 11 KV 

Series transformer turn ratio 1:1 
DC bus voltage 5 KV 
Load resistance 0.1Ω 
Load inductance 0.1926 H 
Line  resistance 0.001Ω 
Line inductance 0.005 H 

Source resistance 0.1Ω 
Fault resistance 0.1Ω 

Switching frequency 5000 Hz 
Line frequency 50 z 

 
V. RESULT DISCUSSION 

The system has been analysed for three conditions; pre-
fault, during fault without DVR and post-fault with DVR. 
The results are shown below; 

1 Pre-fault condition 

A three phase load is connected to the system without fault 
and DVR. Constant balanced three phase voltage output 
1pu is obtained as shown in Figure 4 and 5. 
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Figure 4 Output Voltage in pu without fault 

 
Figure 5 Output voltage in pu without fault (fundamental) 

2. Faulty condition. 

A three-phase short-circuit fault is applied at point before 
injection transformer, via a fault resistance of 0.66 Ω, 
during the period 0.1 to 0.3 sec. The voltage sag at the load 
point is 60% with respect to the reference voltage as shown 
in Figure 6 and 7. 

 
Figure 6 Output voltage in pu with fault without DVR 

 
Figure 7 Output voltage (fundamental) in pu with fault without 

DVR 

3. Post fault after connecting DVR 

When the DVR is connected under the condition of three 
phase fault, it mitigates the voltage sag with some flickers 
at the point of connection as shown in Figure 8 and 9. The 
rms voltage at the sensitive load point is maintained at 
97%. 

 
Figure 8 Output voltage in pu with fault with DVR 

 
Figure 9 Output voltage (fundamental) in pu with fault with DVR 

VI. CONCLUSION 

A three phase distribution system has been analyzed for 
three operating conditions namely; normal operation, 
operation with three phase short circuit fault and fault with 
DVR. The designed DVR is capable of mitigating voltage 
sag under the condition of fault with nominal harmonic 
content. The DVR has been modeled in MATLAB simulink 
using three phase five level cascaded H bridge MLI with 
sinusoidal PWM technique and passive L-C filter to 
compensate harmonic. It has been found that the modeled 
control strategy of DVR performs satisfactorily under the 
condition of fault. Various control strategy for DVR has 
also been discussed to design a suitable control circuit of 
the proposed system. 
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