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Abstract— A Power quality problem is an occurrence 

manifested as a nonstandard voltage, current or frequency 

that results in a failure or a mis-operation of end user 

equipments.  Utility distribution networks, sensitive 

industrial loads and critical commercial operations suffer 

from various types of outages and service interruptions which 

can cost significant financial losses. With the restructuring of 

power systems and with shifting trend towards distributed 

and dispersed generation, the issue of power quality is going 

to taken ewer dimensions. In developing countries like India, 

where the variation of power frequency and many such other 

determinants of power quality are themselves a serious 

question, it is very vital to take positive steps in this direction. 

The present work is to identify the prominent concerns in this 

area and hence the measures that can enhance the quality of 

the power are recommended. This work describes the 

techniques of correcting the supply voltage sag, swell and 

interruption in a distributed system. At present, a wide range 

of very flexible controllers, which capitalize on newly 

available power electronics components, are emerging for 

custom power applications. Among these, the distribution 

static compensator and the dynamic voltage restore rare most 

effective devices, both of them based on the VSC principle. 

A DVR injects a voltage in series with the system voltage and 

a D-STATCOM injects current into the system to correct the 

voltage sag, swell and interruption. Comprehensive results 

are presented to assess the performance of each device as a 

potential custom power Solution. 
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I. INTRODUCTION 

The electrical power system is considered to be consisting 

three functional blocks like generation, transmission and 

distribution. For reliable power system, the generation unit 

must produce adequate power to meet customer’s demand, 

transmission systems should transport bulk power over long 

distance without overloading or maintain system stability and 

distribution system must deliver electric power to each 

customer’s premises from bulk power systems. Distribution 

system locates the end of power system and is connected to 

the customer directly, so the power quality mainly depends 

on distribution system.    

 One of the most common power quality problems 

today is voltage sag and swells. Voltage sag is a short time 

event during which a reduction in r.m.s voltage magnitude 

occurs similarly swell is event during which rise in r.m.s 

voltage magnitude. A voltage dip is caused by a fault in the 

utility system, which affects both the phase to ground and 

phase to phase voltages. Typical faults are single-phase or 

multiple-phase short circuits, which leads to high currents. 

The high current results in a voltage drop over the network 

impedance. At the fault location the voltage in the faulted 

phases drops close to zero, whereas in the non-faulted phases 

it remains more or less unchanged. 

Initially for the improvement of power quality or reliability 

of the system FACTS devices, like static synchronous 

compensator (STATCOM), static synchronous series 

compensator (SSSC), interline power flow controller (IPFC) 

and unified power flow controller (UPFC) etc are introduce. 

These FACTS devices are designed for the transmission 

system. But now a day more attention is on the distribution 

system for the improvement of power quality, these devices 

are modified and known as custom power devices. The main 

custom power devices which used in distribution system for 

power quality improvement are distribution static 

synchronous compensator (D-STATCOM), dynamic voltage 

Restorer (DVR), active filter (AF), unified power quality 

conditioner (UPQC) etc.  

II. OBJECTIVE 

The objective of proposed work is to improve the power 

quality or reliability in the distribution system with the use of 

custom power devices like D-STATCOM and DVR Different 

fault conditions are applied the load to analyzed the 

comparative operation of DSTATCOM and DVR for the 

improvement the power quality in distribution system and 

DVR in distribution system. 

III. POWER QUALITY ISSUE 

Power quality in electric networks is one of today’s most 

concerned areas of electric power system. The power quality 

has serious economic implications for consumers, utilities 

and electrical equipment manufactures. Modernization and 

automation of industry and increasing use of computers, 

microprocessor and power electronics system such as 

adjustable speed drive. Integration of non-conventional 

generation technologies such as fuel cells, wind turbines and 

photo-voltaic with utility grids often requires power 

electronic interfaces. The power electronic system also 

contributes to power quality problem. Under the deregulated 

environment, in which electric utilities are expected to 

compete with each other, the customer satisfaction becomes 

very important. The impact of power quality problems is 

increasingly felt by customers- industrial, commercial and 

even residential . 

 The name power quality has become one of the most 

productive concepts in the power industry since late 1980s. 

Power Quality concept mainly deals with three factors 

namely Reliability, Quality of Supply and Customer service. 

Power quality may be defined as the “Degree to which both 

the utilization and delivery of electric power affects the 

performance of electrical equipment.” From a customer 

perspective, a power quality problem is defined as “Any 
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power problem manifested in voltage, current, or frequency 

deviations that results in power failure or disoperation of 

customer equipment”. 

A. Cause of Poor Power Quality 

1) Voltage variations 

The voltage variations may be short duration voltage 

variations or long duration variation. The short duration 

voltage variations are generally caused by fault conditions 

like single line to ground or double line to ground and starting 

of large loads. Similarly voltage variation at power frequency 

last longer than one minute, then it may be say having long 

duration voltage variations. The voltage variation can be 

temporary voltage dips (sag) or temporary voltage rise 

(swell). 

 Voltage sags; it may be define as “A decrease to 

between 0.1 and 0.9 pu in rms voltage or Current at the power 

frequency for durations of 0.5 cycles to 1 minute.” Voltage 

sags are mostly cause be system faults and may be occurred 

from 3 cycles to 30 cycles depending on the fault clearing 

time. Starting of large induction motor, transformer energies, 

load switching etc can cause the voltage sag. 

 Voltage swells; it may be define as, “An increase to 

between 1.1 pu and 1.8 pu in rms voltage or current at the 

power frequency durations from 0.5 to 1 minute.” Similarly 

as sag swell is also associate with system faults. A single line 

to ground fault can result in a voltage swell in the healthy 

phases. Swell can also result from energizing large capacitor 

banks . 

2) Voltage fluctuation and flicker 

Voltage fluctuations are systematic variation of the voltage or 

a series of random changes in the voltage magnitude which 

lies in the range of 0.9 to 1.1 p.u. High power loads that draw 

fluctuating current, such as large motor drives and arc 

furnaces, cause low frequency cyclic voltage variation that 

result in flickering of light sources like incandescent and 

fluorescent lamps which can cause significant irritation in 

human beings. The voltage flicker can also affect stable 

operation of electrical and electronics devices  

3) Frequency variations 

Power frequency variations are defined as the variation of the 

system frequency from its value of 50 Hz. The frequency 

variations start from the change in the load and the response 

of the generators to meet the load. 

B. Solution of Power Quality Problems 

The power quality problems can be solving by considering 

two approaches. According to first approach the solution to 

the power quality problems can be done from the utility side. 

This approach is called as load conditioning, in which the 

equipment is considered less sensitive to power disturbances, 

allowing the operation even under significant variation 

distortion. 

 In second approach, install line conditioning system 

that suppresses the power system disturbances. In this 

approach the compensating devices is connect to low and 

medium voltage distribution system in shunt or in series. 

Shunt power filters operate as a controllable current source 

and series active power filters operates as controllable voltage 

source. Both schemes are implemented with voltage source 

PWM inverters, with a dc source having a reactive element 

such as a capacitor. Apart from this there are many 

approaches to nullified the problems, but in this thesis 

concentration on shunt and series controller only. 

C. Improvement 

STATCOM, SSSC, IPFC and UPFC etc are the FACTS 

devices and these are design for the transmission system. But 

today, more attention has to be given on the distribution 

system for the improvement of power quality. Hence, these 

devices are modified and known as custom power devices. 

The custom power is the value- added powers that given to 

the customers. The value added power consists of the 

application of high power electronic controllers to 

distribution system, at the supply end of industrial, 

commercial consumers. 

 The custom power devices which are used in 

distribution system to maintain the power quality are 

distribution static synchronous compensator (D-

STATCOM), dynamic voltage Restorer (DVR), active filter 

(AF), unified power quality conditioner (UPQC) etc. All are 

base on voltage source converter (VSC). The DVR is similar 

to SSSC where as UPQC is similar to UPFC. In spite of the 

similarities, the control techniques are quite different for 

improving power quality. A DVR can work as a harmonic 

isolator to prevent the harmonics in the source voltage 

reaching the load in addition to balancing the voltage and 

providing voltage regulation. A D-STATCOM is utilized to 

eliminate the harmonics from the source current and also 

balance them in addition to providing reactive power 

compensation to improve power factor or regulate the load 

bus voltage. To solve the power quality problem, custom 

power devices used here are D-STATCOM and DVR. D-

STACOM DVR are the most efficient and effective modern 

customs power device used in power distribution networks. 

D. Benefit of Custom Power Devices 

1) They contribute to best possible system operation by 

improving voltage profile and reducing power losses. 

2) Improve the power flow in critical lines. 

3) The transient stability limit is improved thereby 

improving dynamic security of the system and reducing 

the incidence of blackouts caused by cascading outages. 

4) The problem of voltage fluctuations and in, dynamic over 

voltages can be overcome by these controllers. 

5) The problem of voltage sag and voltage swell in case of 

industrial loads like motor, switching, transformer 

energies etc. can be reduced by these devices. 

IV. DYNAMIC VOLTAGE RESTORER (DVR) 

The DVR is a solid state dc to ac switching power converter 

that injects a set of three single phase ac output voltages in 

series with the distribution feeder and in synchronism with 

the voltages of the distribution system. By injecting voltages 

of controllable amplitude, phase angle and frequency 

(harmonic) into the distribution feeder in instantaneous real 

time via a series injection transformer, the DVR can restore 

the quality of voltage at its load side terminals when the 

quality of the source side terminal voltage is significantly out 

of specification for sensitive load equipment. The block 

diagram of DVR is shown in figure 4.1. 
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 The reactive power exchanged between the DVR 

and distribution system is internally generated by the DVR 

without any ac passive reactive components, i.e. reactors and 

capacitors. For large variations in the source voltage, the 

DVR supplies partial power to the load from a rechargeable 

energy source attached to the DVR dc terminal. The DVR, 

with its three single phase independent control and inverter 

design is able to restore line voltage to critical loads during 

sags caused by unsymmetrical as well as symmetrical three 

phase faults on adjacent feeders or disturbances that may 

originate many miles away on the higher voltage 

interconnected transmission system. Connection to the 

distribution network is via three single-phase series 

transformers there by allowing the DVR to be applied to all 

classes of distribution voltages. At the point of connection the 

DVR will, within the limits of its inverter, provide a highly 

regulated clean output voltage . 

A. Working Principle Of DVR 

The DVR is a solid state dc to ac switching power converter 

that injects a set of three single phase ac output voltages in 

series with the distribution feeder and in synchronism with 

the voltages of the distribution system. The circuit 

blockdigram of DVR is shown in figure 4.2. A DC to AC 

inverter regulates this voltage by sinusoidal PWM technique. 

By injecting voltages of controllable amplitude, phase angle 

and frequency (harmonic) into the distribution feeder in 

instantaneous real time via a series injection transformer, the 

DVR can restore the quality of voltage at its load side 

terminals when the quality of the source side terminal voltage 

is significantly out of specification for sensitive load 

equipment.  

 
Fig. 4.1: Block Diagram of DVR 

 
Fig. 4.2: Circuit Block   Diagram OF DVR 

B. Harmonic filter 

As DVR consist of power electronic devices, the possibility 

of generation self harmonics is there so harmonic filter is also 

become a part of DVR. In order to achieve this it is necessary 

to eliminate the higher order harmonic components during 

DC to AC conversion in Voltage Source Inverter which will 

also distort the compensated output voltage. These filters 

which play a vital role can be placed either on high voltage 

side i.e. load side or on low voltage side i.e. inverter side of 

the injection transformers. 
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