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Abstract 

Power quality is one of major issues in the today’s scenario. Power quality means to maintain purely sinusoidal current 

waveform in phase with a purely sinusoidal voltage waveform. It has become important with the introduction of complex 

devices, whose performances is very sensitive to the quality of power supply [3]. Power quality problem is an occurrence 

developed as a non-standard voltage, current or frequency that results in a failure of end use equipment or devices. Some of the 

major problems deal here is the power sag. This paper describes the effectiveness of using dynamic voltage restorer (DVR) in 

order to mitigate voltage sags voltage distribution systems. Dynamic Voltage Restorer can provide the cost effective solution to 

mitigate voltage sags that is required by customer. The Dynamic Voltage Restorer (DVR) is a fast, flexible and intelligent 

solution to power quality problems. This paper presents, the DVR is controlled with fuzzy logic controller to restore the voltage. 

The proposed DVR employ the fuzzy logic based controller which utilizes the error signal to control the triggering of the 

switches of an inverter using a pulse width modulation (PWM) scheme [1]. Modelling and Simulation of proposed DVR is 

implemented in MATLAB/Simulink platform. Simulation result has shown that the proposed DVR was efficient in mitigating 

the sag/swell. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Power quality has been a topic of ample interest for decades and several issues have triggered interest in monitoring and 

improving the power quality. The term “Power Quality” first appeared in U.S. literature in the late seventies. Power quality can 

be explained as having a bus voltage that approximate a sinusoidal waveform of required magnitude [4]. Power quality 

appearance include all possible situations in which the waveform of the supply voltage (voltage quality) or load current (current 

quality) vary from the sinusoidal waveform for all 3-phases of a three-phase structure at rated frequency with amplitude 

corresponding to the rated Root Mean Square (RMS) value[3].The acceptable range of power quality disturbances covers 

immediate, short duration variations during impulsive and oscillatory transients, voltage sags, short interruptions, as well as 

steady state deviations(SSD), such as flickers and harmonics. One can also differentiate, based on the cause, between 

disturbances related to the quality of the supply voltage and those interrelated to the quality of the current taken by the load. 

Among the power quality problems, voltage sags are the most severe disturbances. In order to solve these problems the concept 

of custom power devices is introduced recently. One of those devices is the Dynamic Voltage Restorer (DVR), which is the most 

powerful and effective modern custom power device used in power distribution systems. DVR is a recently proposed series 

connected custom power device and is normally installed in a distribution system between the supply and the load feeder at the 

point of common coupling (PCC). It employs a series of voltage boost/inject technology using solid (static) state switches of 3-

PHASE VSC that injects voltage into the system, to restore the load side voltage for compensating voltage sags. Modern Pulse-

Width Modulated (PWM) inverters capable of generating accurate high quality voltage waveforms form the power electronic 

heart of the new Custom Power devices. Recently, new Fuzzy Logic (FL) methods have been applied to PWM control. Other 

than voltage sags and swells compensation, DVR can also append other features like: line voltage harmonics compensation, 

reduction of transients in voltage. 

 Dynamic Voltage Restorer (DVR):  

DVR is a series connected solid state device which is used for mitigating voltage disturbances in the distribution network by 

injecting voltage. The DVR supply three phase controllable voltage, whose vector (magnitude and angle) adds to the input 

voltage to restore the load voltage to pre-sag condition.  
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Fig. 1: Basic configuration of the DVR 

Among the power quality problems viz. sags, swells, harmonics, transient etc., voltage sags are the most severe disturbances. 

To overcome these problems from the concept of custom power devices, DVR is the most efficient and powerful modern custom 

power device employ in power distribution networks. It is recently proposed series connected solid state device that injects 

voltage into the network in order to control the load side voltage [3]. It is usually installed in a distribution system between the 

input and the critical load feeder at the point of common coupling. 

The main components of DVR 

1) An Injection transformer 

2) DC charging unit 

3) Storage Unit 

4) A Voltage Source Converter (VSC)  

5) Harmonic filter 

6) A Control and Protection system 

II. OPREATING PRINCIPLE OF DVR 

The basic function of the DVR is to inject a controlled voltage VDVR generated by a forced commutated converter in series to 

the bus voltage by mean of a booster transformer.  

A typical DVR configuration is used for voltage compensation in the distribution line. 

Operation of the DVR consists of three operation mode: 

 Protection mode 

Bypass switch can be used as a protection device to protect DVR from the over current in the load side due to short circuit on the 

load or large inrush currents. The DVR can be protected by the action of the bypass switches by supplying another path for 

current [6]. 

 
Fig. 2: Protection Mode [6] 
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 Standby Mode: (VDVR = 0) 

DVR will be most of the time in this mode (VDVR = 0). The two lower IGBT’s in each phase of the inverter remains turned on 

where as two upper IGBT’s turned off. Low voltage winding of injection transformer is shorted through inverter. A short circuit 

across the secondary (inverter side) windings of the series transformer through LF is obtained eliminating the use of bypass 

switches. In this mode of operation, no switching of semiconductors occurs so as to create a short-circuit path for the transformer 

connection, individual inverter legs are triggered. As a result, in this current loop, only comparatively low conduction losses of 

the semiconductors, contribute to the losses. 

 
Fig. 3: Standby Mode [6] 

 Injection/Boost Mode: 

The DVR goes into injection mode (VDVR > 0) when the sag is detected. Various voltage injection strategies are: pre-sag, phase 

advance, voltage tolerance and in phase method. DVR should have unchanged load voltage with minimum energy dissipation for 

injection due to the high cost of capacitors. With required magnitude, phase and wave shape, three single-phase ac voltages are 

injected in series for compensating voltage sag, whose possibility is determined by types of voltage sags, load conditions and 

power rating of DVR [6]. 

III. FUZZY LOGIC CONTROLLER 

The concept of fuzzy logic was conceived by Lotfi Zadeh, a professor at the University of California, Berkley. Fuzzy logic 

provides a simple way to arrive at a definite conclusion based upon vague, ambiguous, imprecise,noisy or missing input 

information. 

Fuzzy Logic is basically a multi-valued logic that allow intern=mediate values to be defined between conventional evaluations 

like yes/no, true/false and black/white. The performance of Fuzzy Logic Controllers is well documented in the field of control 

theory since it provides robustness to dynamic system parameter variations as well as improved transient and steady state 

performances [1][2]. 

In this study, a fuzzy logic based controller is employed for controlling the voltage injection of the proposed Dynamic Voltage 

Restorer (DVR). Fuzzy logic controller is preferred over the conventional PI and PID controller because of its robustness to 

system parameter variations during operation and its simplicity of implementation [7]. 

 
Fig. 4: Schematic representation of Fuzzy Logic Controller. 
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The fuzzy logic based control scheme (Fig 4) can be divided into four main blocks namely Knowledge base, Fuzzification, 

Inference mechanism and Defuzzification. The knowledge base is composed of data base and rule base. Data base consists of 

input and output membership functions and provides information for appropriate fuzzification and defuzzification operations. 

The rule-base consists of a set of linguistic rules relating the fuzzified input variables to the desired control actions. Fuzzification 

converts a crisp input signals, error, and change in error into fuzzified signals that can be identified by level of memberships in 

the fuzzy sets. The inference mechanism uses the collection of linguistic rules to convert the input conditions to fuzzified output. 

Finally, the defuzzification converts the fuzzified outputs to crisp control signals using the output membership function, which in 

the system acts as the changes in the control input. The input membership functions for error and change in error are shown in 

Fig 5&6 respectively, whereas the output membership function for change in control input is shown in Fig 7. The output 

generated by fuzzy logic controller must be crisp which is used to control the PWM generation unit. 

 
Fig. 8: Membership Function for Input Variable Error 

 
Fig. 9: Membership Function for Input Variable Error 

 
Fig. 10: Membership Function for output Variable 

The set of fuzzy control linguistic rules is given in Table 1. These rules are based on If-Then statements. 
Table – 1 

Rule base 

‘ER’ 

 

‘E’ 

Error Rate 

LP MP SP S SN MN LN 

Error 

LP PB PB PB PM PM PS Z 

MP PB PB PM PM PS Z NS 

SP PB PM PM PS Z NS NM 

S PM PM PS Z NS NM NM 
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SN PM PS Z NS NM NM NB 

MN PS Z NS NM NM NB NB 

LN Z NS NM NM NB NB NB 

IV. SIMULATION AND RESULTS 

Matlab Simulink will be used in this work to perform the simulation. In this section the various results obtained after simulation 

are analyzed and discussed. The test system comprises of 11 kV distribution network and the system has been examined under 

different fault conditions such as three phase fault, single line to ground fault and line to line fault. 

 Test Results: 

Simulation model of proposed system without fault is shown in fig. 11. The simulation time for the model is taken as 0.7 sec. 

The first simulation was done without creating any fault at the network where supply is 11 kV with 50 Hz frequency. Fig. 12 

shows the waveforms of input voltage without fault. Hence from the input voltage 11 kV it is found that the magnitude of both 

the input and the load voltage is almost same.  

 
Fig. 11: Simulation model without fault 
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Fig. 12: Input and Output voltages without fault 

The second simulation is done by creating a 3-phase to ground fault with fault resistance of 0.66 Ω for a time duration from 

1/60 s to 5/60 s and ground resistances is 0.01 Ω. Supply is 13 kv, with 50 Hz frequency. Simulation model of proposed system 

with fault is showing fig. 6. 

 
Fig. 13: Simulation model with fault 
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Fig. 14: Input and Output voltage with fault 

Fig. 8 shows the MATLAB/Simulink of power system network under the fault condition connected to the Dynamic Voltage 

Restorer. The third simulation is carried out at the same scenario as above but the Dynamic Voltage Restorer (DVR) is now 

connected at the load side (at PCC) to compensate the voltage sag occurred due to 3-phase fault created. The waveform obtained 

from the test model is shown in Fig. 8. It is clearly observed that the voltage waveform that is obtained after connection of DVR 

in series is almost similar to input voltage i.e. the DVR was installed is working 

 
Fig. 15: Simulation Model of the DVR connected system 
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Fig. 16: Compensated voltage by DVR 

V. CONCLUSION 

DVR with Fuzzy Logic Controller has been designed to mitigate the effects of the power quality problems during different faults 

like three phase fault, single line to ground fault and double line fault. The investigation of results performance has been 

successfully demonstrated in MATLAB/Simulink. The simulation shows that the DVR performance is satisfactory in mitigating 

voltage sags/swells. From simulation results also show that the DVR compensates the sags/swells quickly and provides excellent 

voltage regulation. The supply voltage to keep the load voltage balanced and constant at the nominal value. 
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