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Abstract: 

In this paper, different voltage injection schemes for dynamic voltage restorers (DVRs) are analyzed with part icular focus on  a 

new method used to min imize the rating of the voltage source converter (VSC) used in DVR. A new control technique is used to 

control the capacitor-supported DVR. The control of a DVR is demonstrated with a reduced-rating VSC. The compensation of the 

voltage sag, swell, and harmonics is demonstrated using a reduced-rating DVR. The proposed controller supplements the voltage-

sag compensation control of the DVR. It does not require phase-locked loop and independently controls the magnitude and phase 

angle of the injected voltage for each phase. Fast least error squares digital filters are used to estimate the magnitude and phase of 

the measured voltages and effectively reduce the impacts of noise, harmonics, and disturbances on the estimated phasor 

parameters, and this enables effective fault current interrupting even under arcing fau lt conditions.  

 

I. INTRODUCTION  
 
In integrated industries the output of the one unit is the input 

for the next unit. Stoppage of a single unit results in the 

stoppage of whole process line. The same will leads to huge 
material wastage of loss of production until the process line is 

cleared. This project aims to supply quality power to the 
equipment/unit which is critical to the process line though the 

it is supplied by non-ideal source or load conditions. The 
application of solar based dynamic voltage restorer (DVR) is 

used in such a way to supply quality power.  
 

II. ELECTRICAL CONDITIONS  – DISRUPT PROCESS  
 

Following mentioned are some aberrant electrical conditions 

that can disrupt a process caused both at the utility and the 
customer end. 

 
1. Voltage Sags 

 
2. Phase Outages 

 
3. Voltage Interruptions 

 

4. Transients due to Lighting loads, capacitor switching,  
     nonlinear loads, etc. 

 
5. Harmonics 

 
The industries may undergo burned-out motors, lost data on 

volatile memories, erroneous motion of robotics, unnecessary 

downtime, increased maintenance costs and burning core 
materials especially in plastic industries, paper mills & 

semiconductor plants as an outcome of the above irregularities. 
The solutions put forth as a consequence of the above 

mentioned anomalies are called as utility based solutions and 
customer based solutions respectively. The finest examples for 

those two types of solutions are FACTS devices (Flexib le AC 

Transmission Systems) and Custom power devices that are 
based on solid state power electronic components. FACTS 

devices are controlled by the utility, whereas the Custom 
power devices are operated, maintained and controlled by the 

customer itself and installed at the customer pre mises. 

III. EFFECT OF POOR QUALITY 
 
Some industries like Manufacturing Business machineries, 

Computers and Semiconductors are very sensitive to slightest 

change in the power supply. It is very important for them to 
take care of the frequently occurring power quality defects in 

order for production and revenue to not suffer [15].  
 

The five most common PQ defects defined by IEEE Std. 
1159-1995[11] are: 

 
I. Under Voltage: When the operating falls to a low value due 

to fault voltage. 

 
II. Dips or Surges: Fluctuations leading to frequent increase 

and decrease in the magnitude of the supply. 
 

III. Transient:  A Spike in the sinusoidal voltage of the supply. 
 

IV. Harmonics: Voltage or Currents that are some integer  

multip le of operating specifications which cause distortion 
 

V. Burnouts: Period of very low frequency voltage or 
sometimes even zero leading to reduced power delivery.  

 
Power Quality problems happen when these ranges are crossed 

and this can occur in three ways: 

I. Frequency events: change of the supply frequency outside 
of the normal range. 

 
II. Voltage events: change of the voltage amplitude outside its 

normal range (may occur for very short periods or be 
sustained.) 

 
III. Waveform events: distortion of the voltage waveform 

outside the normal range. 

 
These disturbances can degrade power quality by: 

I. Interrupting supply, Trip out variable speed drives and 
cause annoying light flicker. 

 
II. Cause damage to sensitive data processing, control and 

instrumentation equipment to malfunction. 
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III     Cause capacitors, transformers and induction motors to 

overheat. 

 

IV. DYNAMIC VOLTAGE RES TORER 
 

Manufacturing cost and the reliability of those solid state 

devices have been improved as new technologies emerged. So, 

the protection devices which include such solid state devices 

can be purchased at a reasonable price with superior 

performance than the conventional electrical or pneumatic 

devices available in the market. Uninterruptible Power 

Supplies (UPS), Dynamic Voltage Restorers (DVR) and 

Active Power Filters (APF) are examples  for commonly used 

custom power devices. Among those APF is used to mit igate 

harmonic problems occurring due to non-linear loading 

conditions, whereas UPS and DVR are used to compensate for 

voltage sag and surge conditions. Voltage sag may occur from 

single phase to three phases. But it has been found that single 

phase voltage sags are routine and most frequent in the power 

industry. Thus, the industries that use single and three phase 

supply will undergo several interruptions during their 

production process and they are forced to use some form of 

voltage compensation equipment. As soon as the fault occurs 

the action of DVR starts. On event of fault which results in 

voltage sag, the magnitude reduction is accompanied by phase 

angle shift and the remaining voltage magnitude with 

respective phase angle shift is provided by the DVR. 

Employing minimum act ive voltage injection mode in the 

DVR with some phase angle shift in the post fault voltage can 

result in miracu lous use of DVR.  If active voltage is less 

prominent in DVR then it can be delivered to the load for 

maintaining stability. Considering this, a transition process is 

proposed such that voltage restoration is achieved by injecting 

the voltage difference between the pre sag and the in sag 

(source side) voltages during the initial first cycle or so the sag. 

When the sag voltage phasor is available, the injection voltage 

is controlled to move progressively from the in phase injection 

point to the corresponding minimum active voltage injection 

point. The init ial voltage in jection magnitude and phase angle 

of DVR can be categorized into different cases considering the 

injection limit  that will be discussed further.  

 

V.CONSTRUCTION OF DVR 

 

The Power circuit and the control circuit are the 2 main parts 

of the DVR. There are various crit ical parameters of control 

signals such as magnitude, phase shift, frequency etc. which 

are injected by DVR. These parameters are derived by the 

control circuit. This injected voltage is generated by the 

switches in the power circuit based on the control signals. 

Furthermore the basic structure of DVR is described by the 

power circuit and is discussed in this section. The 5 main  

important parts of power circu it, their function and 

requirements are discussed ahead. 

 

 
Figure.1. DVR Power Circuit  

 

 

VI. PROPOSED POWER SYSTEM MODELLING 

 
A. Solar Cell Model 

A general dynamical analysis of I-V output characteristics of 

Photo voltaic cell was discussed in [6]-[8]. Th is equivalent 

circuit -based model is mainly used for the MPPT technologies. 

The voltage-current characteristic equation of a solar cell is 

given as equation (1) Assuming that of the ideal PV cell, the 

PV array can be described by the following equation [1] [2]  

 

 
 

Reverse saturation current (Irs) which varies with temperature 

according to the following equation:  

 

 
 

Where Tr is the cell reference temperature, Irr is the reverse 

saturation current at Trr , and EG  is the band-gap energy of a 

cell. The PV current, Iph depends on irradiation level and the 

cell temperature as:  

 

 
 

Where Iscr, is the cell short-circu it current at the reference 

temperature and radiation, Kv is a temperature coefficient, and 

S is the irradiation level in kW /m2.  Multiply ing both sides of 

equation (1) by Vdc, the power delivered by the PV array is 

expressed as: 

 

 
 

Dynamics of the DC-link voltage are described based on the 

principle of power balance, as: 

 

 

 

 
B. Energy Storage Devices 

Energy storage unit is dependable for energy storage in DC 

form, Super-Capacitors, Superconducting Magnetic Energy 

Storage (SMES), lead acid batteries and Flywheels are 

generally used as energy storage devices. In proposed model 

energy generated from PV is stored in SMES and supply to 

DVR at the t ime of unavailability of solar irradiation.  

 
C. Dynamic Voltage Restorer 

DVR is the most competent and successful modern custom 

power device used in power distribution networks. Usually it is 

installed in a d istribution system between the supply and the 

load feeder at the point of common coupling (PCC). In  

addition to reducing voltage dip and engorge, DVR can also 

ensure of ephemeral in voltage, line voltage harmonics 

mitigation and fau lt current margins. Fig 6.2 shows integrated 

PV based DVR. 

 
D. Cascaded Multilevel Converter 

 A single phase configuration of an m- level cascaded inverter 

consists of m dissimilar H-bridges having split dc source is 
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connected to a single phase full bridge or H-bridge inverter as 

shown in fig 6.3. Each inverter level can engender three 

different voltage outputs, by connecting the dc source to the ac 

output by different combinations of the four switches S1, S2, 

S3 and S4. The phase voltage relation of indiv idual bridge is  

 

 
 
E. Fuzzy Controller 

 

Mamdani's fuzzy inference method is the most commonly seen 

fuzzy methodology. Mamdani's method was among the first 

control systems built using fuzzy set theory. It was proposed in 

1975 by Ebrahim Mamdani  as an attempt to control a steam 

engine and boiler combination by synthesizing a set of 

linguistic control rules obtained from experienced human 

operators. Mamdani's effort was based on Lotfi Zadeh's 1973 

paper on fuzzy algorithms for complex systems and decision 

processes. Although the inference process described in the next  

few sections differs somewhat from the methods described in 

the original paper, the basic idea is much the same. Mamdani-

type inference, as defined for the toolbox, expects the output 

membership functions to be fuzzy sets. After the aggregation 

process, there is a fuzzy set for each output variable that needs 

defuzzificat ion. Thus the occurrence of overshoot will not 

occur, and the system dynamic will behave as a state feedback 

control system. 

 

VII.S IMULATION RES ULTS  AND DISCUSS ION 
  

Simulation results are given from fig.6.1to fig.6.7. Now, the 
disturbances in voltage are compared with the desired voltage. 

Based on this comparison, a sag and swell detector provides an 
error signal to the Fuzzy controller. This in  turn reduces the 

error signal to as small as a value possible. Depending upon 

this error signal, the modulating signal is varied which in turn  
changes the PWM signals obtained. Accordingly, the desired 

MOSFETS are gated and the necessary voltage is obtained at 
the inverter output. Fig 6.5 shows the load current. Fig 6.6 

shows the load voltage Fig 6.7 shows that THD of the 
proposed system with DVR. The inverter output is injected 

into the distribution lines to compensate for the sag or swell in  
voltage created. 

 
 
Figure.2. Overall block diagram of PV based DVR for 

voltage mitigation 
  

voltage disturbances are sensed by the DVR and depending 
upon the requirement, the required switches in the inverter are 

triggered. This in turn makes sure that the inverter provides the 

necessary voltage which is injected into the distribution lines 
by means of a coupling transformer 

 

 
Figure.3. Integrated PV based DVR 

 
Figure.4. General Model of Cascaded H-bridge inverter  

 
Figure.5. Output of 11 level cascaded H-Bridge inverter  

 
Figure.6. Load current 
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Figure.7. Load Voltage with DVR 

 

 
Figure.8. Load voltage without DVR 

 
The voltage waveform after compensation by means of a DVR 

is shown in Fig 6.6. It can be seen that the terms guiding power 
quality namely voltage and frequency are within the limits 

required. In this way, the power supplied to sensitive load is 
well within the limits thereby ensuring efficient operation and 

long life of equipment. In fig 6.7 shows the load voltage 
without DVR. 

 

VIII.CONCLUS ION 

 

In this work, the eminence of voltage in the distribution side 

was enhanced with the help of DVR, when the disturbance 

occurs in sensitive load feeder. Analysis was carried out to 

various custom power devices, DVR having excellent 

compensation for voltage disturbances. Simulation was carried  

out with PV interfaced multilevel converter based DVR 

employing sinusoidal PWM technique with MATLAB/  

SIMULINK software. Many paper worked on voltage 

mitigation for sag or swell, but in the proposed model both are 

mitigated whichever required. To further boosts up the 

operation of a DVR, we suggest a few techniques. As the 

number of levels in a mult ilevel inverter increases , we can 

ensure harmonic free sinusoidal output, but the cost increases 

as the level increases 
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