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Abstract— The electrical energy is one of the easily used 

and available forms of energy. For electrical engineering, 

power quality is a noteworthy topic. At present day, the 

problem of power quality has become one of the major 

problems which have to be taken into account for the 

maintenance of power supply quality. Today’s equipment 

like electric motors, computers, machines, etc. cannot be 

used without electricity. The voltage sag and swell is one of 

the severe problems for an industrial customer which has to 

be dealt with urgent attention for its compensation. There 

are many methods which can compensate the problems of 

voltage sag and swell. Today the most popular methods of 

sag and swell mollification is Dynamic Voltage Restorer 

(DVR), which can used in low voltage as well as medium 

voltage applications. Dynamic Voltage Restorer is a 

cascaded connected device; which is based on the principles 

of power electronics which can immediately mitigate the 

voltage sag in the system and will be restoring the load 

voltage to the pre-fault system value. It is a voltage source 

converter which is connected to the circuit in cascade with 

supply through the help of injection transformer where 

voltage swell or voltage sag takes place. For the 

compensation of voltage sag and voltage swell in the 

distribution system, DVR is the most technically advanced, 

convenient and economical device. Dynamic voltage 

restorer stores energy that is responsible for the supply of 

active power needed during the voltage sag & gain at swell.  

This paper gives the idea of usage of the error signal that 

can be controlled by using DVR. 

Keywords: Dynamic Voltage Restorer (DVR), Static Series 

Compensator (SSC) 

I. INTRODUCTION 

Voltage sag are cause abrupt increases in loads such as short 

circuit or fault motor starting or electric heaters turning on 

or they are cause by abrupt increases in source impedance, 

typically cause by loose connection. Voltage swells are 

almost always cause by an abrupt reduction in load on a 

circuit with a poor or damage or loose natural connection. 

Electrical energy is the simple and well-regulated form of 

energy, can be easily transformed to other forms. Along 

with its quality and continuity has to maintain for good 

economy. Power quality has become major concern for 

today’s power industries and consumers. Power quality 

issues are caused by increasingly demand of electronic 

equipment and non-linear loads. Many disturbances 

associated with electrical power are voltage sag, voltage 

swell, voltage flicker and harmonic contents. This degrades 

the efficiency and shortens the life time of end user 

equipment. Other power quality issues i.e. voltage 

flickering, harmonics, transients etc. has to be compensated 

to enhance the power quality. The wide area solution is 

required to alleviate voltage sags and improve power 

quality. The DVR balances the load voltage at a nominal 

magnitude and phase by settling the voltage sag/swell. 

These systems can compensate voltage sags by increasing 

the appropriate voltages in cascade with the supply voltage, 

and therefore prevent loss of power. Dynamic Voltage 

Restorer (DVR) been recently used for voltage sag/swell 

compensation. In this project DVR is proposed which can 

protect the end consumer load from any unbalance of 

voltage supply. It is a series compensating device, can 

maintain the load voltage profile even when the source side 

voltage is distorted. 

II. PROPOSED SYSTEM 

In this project, I am going to monitor the power of the 

system especially known as industries and controlling the 

power line using power factor. Here the current transformers 

and potential transformers are widely used for analyzing the 

performance of the power and it is given to the circuit. It is 

known that electricity comes in our home is not stable in 

nature. There are many fluctuations, raise and falls, and 

spikes in this current. This unstable current may damage 

instruments. The fluctuating current wastes the electric 

current in the form of heat energy. This heat energy not only 

gets wasted to the atmosphere, but also harms the appliances 

and wiring circuit. 

III. METHODOLOGY 

 
Fig. 1: Block diagram of the role of dynamic voltage 

restorer in improving power quality. 

This block diagram explains that when a supply input is 

given to the system, the dynamic voltage restorer reads the 

input as well as output. The sensing of the input and output 

supply is done with the help of a micro-controller unit. This 

micro-controller then gives the necessary commands to the 

dynamic voltage restorer which in turn gives an improved 

output. 

IV. BASIC CONFIGURATION 

Some of the basic elements of a DVR are as follows: 

− Microcontroller 

− Power supply circuit 

− Driver 

− LCD (LIQUID CRYSTAL DISPLAY) 

− Relay 

− Step up and step down transformer 
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A. AT89s52 micro-controller: 

 
Fig. 2: Pin diagram of AT89s52 micro-controller 

The whole processing of the device is done by a 

microcontroller. The micro-controller 89s52 is a small but 

powerful micro-controller from Microchip .The AT89S52 is 

a low-power, high performance CMOS 8-bit microcontroller 

with 8Kbytes of in-system programmable Flash memory. 

The device is manufactured using Atmel’s high-density 

nonvolatile memory technology and is compatible with the 

industry standard 80C51 instruction set and pinout. The on-

chip Flash allows the program memory to be reprogrammed 

in-system or by a conventional nonvolatile memory 

programmer. By combining a versatile 8-bit CPU with in-

system programmable Flash on a monolithic chip, the Atmel 

AT89S52 is a powerful micro-controller which provides a 

highly-flexible and cost-effective solution to many 

embedded control applications. The AT89S52 provides the  

following standard features: 8K bytes of Flash, 256 bytes of 

RAM, 32 I/O lines, Watchdog timer, two data pointers, three 

16-bit timer/counters, a six-vector two level interrupt 

architecture, a full duplex serial port, on-chip oscillator, and 

clock circuitry. 

B. Power supply circuit: 

 
Fig. 3: Power supply 

The entire electronics component such transistor, integrated 

circuits, etc. generally requires DC for their operation. So 

AC supply is then stepped down. Now this stepped down 

AC is converted to DC supply by rectification process .there 

may be some ripples coming out of Power supply circuit. 

The entire electronics component such transistor, integrated 

circuits, etc. generally requires DC for their operation. So 

AC supply is then stepped down. Now this stepped down 

AC is converted to DC supply by rectification process .there 

may be some ripples coming out of rectifying unit is 

bypassed by connecting the capacitor in parallel. Then 12v 

supply given to the LM7805 regulator. Now as 

microcontroller, LCD module, relays and other certain ICs 

requires 5V DC supply for their operation we need a 

regulated uninterrupted 5V DC supply. This block involves 

production of 5V DC supply for whole circuit. Every circuit 

requires power for its operation. Here we require +5v dc to 

operate Micro-controller, Relays, and certain ICs. The 

supply voltage of 230v ac is step downed to 12v by using 

the step-down Transformers. As the circuit requires only the 

dc supply the in fed ac is converted to dc by using the 

rectifying unit. The rectifying unit consists of bridge 

rectifiers comprising diodes for rectification Purpose. Any 

of the ripples coming out of the rectifying unit is bye passed 

by connecting the Capacitor in parallel. As the 

microcontroller circuit requires only +5v dc supply, the 

outputs is further diminished by the regulator (LM7805) for 

accurate +5v to the micro-controller circuit. The capacitor is 

connected in parallel for suppressing the ripples. 

C. ULN2003 (DRIVER): 

 
Fig. 4: Pin diagram of driver 

The ULN2001A, ULN2002A, ULN2003 and ULN2004A 

are high voltage, high current darlington arrays each 

containing seven open collector Darlington pairs with 

common emitters. Each channel rated at 500mA and can 

withstand peak currents of 600mA. Suppression diodes are 

included for inductive load driving and the inputs are pinned 

opposite the outputs to simplify board layout. These 

versatile devices are useful for driving a wide range of loads 

including solenoids, relays DC motors, LED displays 

filament lamps, thermal print-heads and high power buffers. 

D. LCD (Liquid Crystal Display): 

A 16x2 LCD means it can display 16 characters per line and 

there are 2 such lines. In this LCD each character is 

displayed in 5x7 pixel matrix. This LCD has two registers, 

namely, Command and Data. The command register stores 

the command instructions given to the LCD. A command is 

an instruction given to LCD to do a predefined task like 

initializing it, clearing its screen, setting the cursor position, 

controlling display etc. The data register stores the data to be 

displayed on the LCD. The data is the ASCII value of the 

character to be displayed on the LCD.  
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Fig. 5: LCD (liquid crystal display) 

 

E. Relay:  

 
Fig. 6: Relay 

A relay is an electrically operated switch. Many relays use 

an electromagnet to mechanically operate a switch, but other 

operating principles are also used, such as solid-state relays. 

Relays are used where it is necessary to control a circuit by 

a separate low-power signal, or where several circuits must 

be controlled by one signal. 

F. Step up and step down transformer: 

Step up transformer is used to increase the voltage from 

primary to secondary (more secondary turns than primary 

turns) and step down transformer is used to do just the 

opposite  

V. BLOCK DIAGRAM OF DVR 

 
Fig. 7: Block diagram of DVR 

In the above block the main aim is to control and keep 

balance the voltage across load. Initially controller check the 

incoming voltage coming from line with the help of ADC 

(analog to digital converter) present inside the 

Microcontroller. Our aim is to control a +ve as well as –ve 

half cycle of incoming AC for that a Firing angle control 

method is used. For controlling a firing angle of any AC 

voltage it is necessary to monitor every +ve/-ve half cycles, 

hence a Sine Wave Cycle Monitor(Zero Crossing Detector) 

block is used in our project, which informs a controller 

about start point of every cycle. Once controller knows the 

voltage across the load and signals from sine wave cycle 

monitor, controller calculate the firing angle and gives firing 

pulse to the AC to AC converter in which a static switch 

formed by a SCR/TRIAC is used. Static switch can operated 

on high voltage and high frequency as compare to the 

mechanical switches like relay. The output of AC to AC 

converter is further give to Reactor which is nothing but a 

type of single core step-up transformer.(220v to 300v 

transformer is used in our project), which gives a 220v 

output at 140vAC input. The output of 220v is further used 

by a various load. The voltage across load is measured by 

the controller with the help of Potential Transformer (PT). 

Potential transformer is used to step down the voltage across 

the load to be measure and rectified to DC, because 

microcontroller can read a voltage upto 5vdc only. In our 

project we are using a Relay for tripping the input voltage in 

case of very high voltage and low voltage which is beyond 

control-able limits. The relay used in our project is of 12 

volts and controller can give maximum of 5v, hence it is 

necessary to amplify the 5v to 12v for which a Driver circuit 

is used. Microcontroller requires a 5v DC to work, and same 

will be generated with the help of Power Supply which 

comprises of a Step down transformer, rectifier, filter and 

regulator. Transformer step down the 220v AC to 12v AC, 

rectifier and filter converts this 12vAC to 12vDC, and 

regulator converts a 12vDC to a constant of 5vDC.Capacitor 

bank is a optional block which can be used in case of 

beyond limit regulation requires.  
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VI. CIRCUIT DIAGRAM OF DVR 

 
Fig. 8: Circuit diagram of DVR 

The 220V input supply is given to DVR through relay which 

is operated on 12V given to 5V DC. The load is connected 

to the DVR output terminal. The DVR output is measured 

through P. T. The Micro-Controller requires 5V DC, hence 

input 230V AC is step down to 12V ac & 12V ac converted 

to DC with the help of full wave rectifier. Capacitor is used 

to get pure DC output. The Micro-Controller requires 

constant 5V DC. Hence this unregulated supply given to 

regulator IC 7805 which gives constant 5V DC to Micro-

Controller. If input Voltage of IC is varied then output of IC 

7805 is constant. This 5V DC is given to Micro-Controller, 

LCD, this 5V DC is given to Micro-Controller, LCD, Opto-

coupler, Driver & Zero Crossing Detector. The IC 7805 is 

loaded and output of IC is reduced to 4V then Micro-

Controller will reset or restart. So that in such condition the 

current will not work properly. When capacitor is 

connected, it stores the charge, available in its potential. 

When output of IC is less than 5V then capacitor provides 

charge. This capacitor gives fractional output, i.e. 200 to 300 

nF. The capacitor is electrolytic capacitor having polarity. 

Two suppressor capacitors (C3& C4) are connected to 

crystal oscillator which maintain 50% duty cycle of crystal 

oscillator. It means ON time is equal to OFF time exactly 

50% symmetrical output of frequency. The crystal oscillator 

is use to provide clock frequency to the microcontroller. The 

microcontroller controls every positive and negative cycle of 

sine wave; hence zero crossing detector is used in our 

project. The zero crossing detectors consist of two NPN 

transistors and three diodes. The snubber circuit is used to 

suppress the rapid rise in voltage across the DVR 

VII. CONCLUSION 

In this paper, hardware model of DVR is setup. The 

proposed method is used for identification of the voltage sag 

and is capable of mollification of the sag by keeping and 

maintaining the magnitude of load voltage at the voltage 

which is desired. The proposed method is very easy to 

understand and is reliable, has been used only for one 

switching per phase. Hence the system is easy, simple, but 

requires energy storage device as compared to commonly 

used DVR. The working performance of the proposed 

device is verified by theoretical results and is found to be 

satisfactory. This is the best control technique for non-linear 

loads which can’t withstand for phase angle jumps is pre-sag 

compensation. For minimum voltage injection, in-phase 

injection compensation is the best. For minimum energy 

insertion by the DVR, phase advance compensation is best 

but requires more voltage injection. 
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