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 Non linear loads are highly effected by variations in voltages. Dynamic 

voltage restorer is one of the most popular compensating devices due to its 

low cost and better performance. Usage of Park’s transformation technique 

effectively reduces the rating of Dynamic voltage restorer. Application of 

fuzzy logic controller for getting the better result is proposed in this paper. 

The results are verified in Matlab/Simulink environment. 
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1. INTRODUCTION  

In the present scenario the production and distribution of electrical power is maintained 

continuously. In interfaced system, the electrical power system faces the problems regarding power quality 

such as variations in voltage or current levels and harmonics [1]-[5], finally these papers proposes the 

concept of conventional series reactor compensation and injection transformer methods but this methods has 

disadvantages i.e these methods are not compatible for high power applications for compensating the voltage 

sag and swell problems. Out of all these power quality problems, the variations in voltage i.e sag and swell 

conditions are easily occur due to fault, and utilization of sensitive loads. If these problems occur 

continuously then it causes the severe effect on the power system such as failure of the equipment, shut down 

of power plant and also creates unbalances in currents as mentioned in [6]. This problems also shows the 

effect on the distribution system such as consumer loads. The voltage reduction known as sag criteria, 

generally occurs at any instant of time, with change in amplitude from 10 – 90% of its rated value and the 

time duration is less than a minute. And in other case, the voltage swell is defined as an increase in rms 

voltage at the power with variations in magnitudes between 1.1 and 1.8 pu [8]. 

Generally, the problem of Voltage swell is not a severe problem as like voltage sags because they 

are less common in distribution systems. To protect the system from all these power quality problems, we 

need a unique compensating device which can compensate all the power quality problems uniquely [9]. The 

compensating methods presented in this paper has the following disadvantages such as these methods are not 

compatible for high distribution systems and if the severe fault occurs on the system these methods are not 

suitable for compensating the voltage sag problems. So, as per the literature survey on the power electronic 

based converter, the flexible ac transmission system plays a key role. Based on the circuit configurations and 

control capability this facts devices are classified into four types, i.e. series converter, shunt converter, series-

series converter, and series-shunt converter [10]. Out of all four types of facts controllers the series converter 
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has the capability for controlling the voltage problems such as sag and swell. In this paper, facts based series 

converter called as dynamic voltage restorer is considered. 

For better controlling of reduced rating dynamic voltage restorer in this paper a new technique 

called as fuzzy inference system is proposed. The results are compared along with the PI controller in the 

form of total harmonic distortion. Generally, the advantage of fuzzy controller than conventional PI 

controller has less settling time, fast response, low steady state error and less peak overshoot. 

This paper is organized as follows. Section1 has Introduction, section 2&3 explains Operation of 

Reduced Rating Dynamic Voltage Restorer (DVR) & Control strategy of DVR, section 4 explains Fuzzy 

Logic Controller, section 5 shows Simulation diagram and results, and finally section 6 concludes the paper. 

 

 

2. GRID INTERFACING SYSTEM 

To protect the power system components from voltage sags and swells, the DVR plays a key role 

when compared with the other compensating devices. The efficiency of DVR is high and provide reliable 

operation [11] as compared with the basic controllers such as injection transformers, series and shunt reactors 

and fault limiters. 

The main function of DVR is to inject extra voltage to the transmission system for regulating the 

voltage across load [13]. The location of dynamic voltage restorer is generally located in distribution side i.e. 

between distribution feeder and load. The schematic diagram of the DVR is shown in Figure 1. 
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Figure 1. Basic Structure of Dynamic Voltage Restorer. 

 

 

The general configuration of the DVR mainly consists of the following components such as, 

1. An boosting transformer 

2. A filter for reducing harmonic 

3. The battery energy Storage system 

4. A Voltage Source Converter 

5. DC charging circuit 

6. A control diagram for controlling DVR based on reference voltages and actual load voltages with the 

help of PWM technique. In this a general PI controller is used for controlling the error value [14]. 

 

DVR is used for compensate the changes in voltage dynamically. The voltage generated by a forced 

commutated converter is to inject voltage to the line through a series transformer called as boosting 

transformer. 

The basic operation of DVR can be explained in mainly three modes such as: one is protection 

mode, second one is standby mode, and third one is injection/boosting mode. 

1. Protection mode: If in any situation the load current is increased more than its permissible value, due 

to fault condition or short circuit on load side, the dynamic voltage regulator will be isolated from the 

by the use of bypassing switches S1 and S2 as shown in Figure 2. 
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Figure 2. Protection Mode of dvr 

 

 

2. Standby Mode: In case of this standby mode the boosting transformer secondary winding is short 

circuited, with this the DVR is unable to inject any compensating values as shown in Figure 3. 

 

 

 
 

Figure 3. Standby Mode of DVR 

 

 

3. Injection/Boost Mode: In this case of injection mode the transformer is called injection transformer 

and the DVR has the capability of injecting voltage for compensating the power quality problems. 

In-phase compensation method is used to compensate voltage magnitude. The compensated voltage is 

in phase with the sagged voltage, therefore this technique minimize the voltage injected by the DVR. 

This technique is shown in Figure 4, there is phase shift between the voltage before the sag and after the 

sag. It is recommended for the linear loads. 

 

2.1. In-phase compensation method for dynamic voltage restorer 
In-phase compensation method is a straight forward method. In this method the injected voltage is 

maintained in phase with the supply voltage irrespective of the load current and pre-fault conditions [15]. 

Generally, the phase angles between the pre-sag and load voltages are different but also it has the capability 

of maintaining the power quality by compensating the load voltage. 

 

 

 
 

Figure 4. In-Phase Compensation Method 
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The main function of DVR is to protect the sensitive load on consumer side and power system 

components during fault conditions. The location of DVR is identified based on the sensitive loads. If a fault 

occurs on the transmission line, then the DVR is placed in series with the transmission line. If there is any 

presence of fault in the transmission system, then it causes the changes in load voltage. Due to this changes 

the load may be effected. So, for compensating this problem the DVR injects the extra voltage through the 

power electronic converter [16]. 

The main purpose of the control system is to maintain a constant voltage magnitude at the point 

where a sensitive load is connected, under system disturbances. It will also look after the D.C. link voltage 

using the DC-charging unit [17]. 

 

 

 
 

Figure 5. Block Diagram of General DVR Circuit 

 

 

3. CONTROL STRATEGY FOR DVR 

Figure 6 shows the control block diagram technique for controlling the dynamic voltage restorer. In 

this case the source voltage at place of point of common coupling and load voltage are considered for 

obtaining gate triggering pulses to converter.  
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Figure 6. Control Block Diagram for DVR  

 

 

Basically, the three phase load voltages are transformed to the two phase rotating reference frame 

using Parks transformation technique. The source voltage at the point of common coupling is also converted 

into direct and quadrature axis components using Parks transformation. These source and load voltages are 

compared and applied to PI controller. The error obtained is used for generating gate firing signals to the 

voltage source converter. 

 

 

4. FUZZY LOGIC CONTROLLER 

In the previous section, control strategy based on PI controller is discussed. But in case of PI 

controller, it has high settling time and has large steady state error. In order to rectify this problem, this paper 

proposes the application of a fuzzy logic controller (FLC). Generally, the FLC is one of the most important 

software based technique in adaptive methods.  

As compared with previous controllers, the FLC has low settling time, low steady state errors. The 

operation of fuzzy controller can be explained in four steps. 
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1. Fuzzification 

2. Membership function 

3. Rule-base formation 

4. Defuzzification. 
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Figure 7. Basic Structure of Fuzzy Logic Controller 

 

 

In this paper, the membership function is considered as a type in triangular membership function 

and method for defuzzification is considered as centroid. The error which is obtained from the comparison of 

reference and actual values is given to fuzzy inference engine. The input variables such as error and error rate 

are expressed in terms of fuzzy set with the linguistic terms VN, N, Z, P, and VP. In this type of mamdani 

fuzzy inference system the linguistic terms are expressed using triangular membership functions. In this 

paper, single input and single output fuzzy inference system is considered. The number of linguistic variables 

for input and output is assumed as 3. The number of rules are formed as 9. The input for the fuzzy system is 

represented as error of PI controller. The fuzzy rules are obtained with if-then statements. The given fuzzy 

inference system is a combination of single input and single output. This input is related with the logical 

operator AND/OR operators. AND logic gives the output as minimum value of the input and OR logic 

produces the output as maximum value of input. 

 

 

5. SIMULATION DIAGRAM AND RESULT 

The simulation diagram for the DVR is shown in Figure 8 as shown below. 

 

 
Figure 8. Simulation Diagram for Dynamic Voltage Restorer 

 

 

This diagram shows the connection of DVR to a transmission system and the controlling diagram 

for series converter. In this case study, voltage sag condition is considered during the time interval between 

0.2 sec and 0.3 sec and the voltage swell condition is considered between the times 0.4 sec and 0.5 sec. It is 

also observed that the DVR has successfully compensated these conditions. The simulation results for the 

input voltage during voltage sag and swell conditions, source current, compensated load voltage, injected 

capacitor voltage and injected DVR voltage as shown in Figure 9 and Figure 10. This paper compares the 

results for both cases of PI and Fuzzy logic controller applications. 
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Case 1: Simulation results of Dynamic Voltage restorer with Conventional PI controller 

 

 

 
 

Figure 9. Simulation Results for Proposed System with PI Controller 

 

 

Case 2: Simulation results of Dynamic Voltage restorer with Fuzzy controller 

 

 

 
 

Figure 10. Simulation Results for Proposed System with Fuzzy Controller 

 

 

Figure 9(a) shows the simulation results of single area based dynamic voltage restorer system. From 

this results it is observed that the sag appears in the system between the time 0.2 to 0.3 sec and swell in 

voltage appears at 0.4 sec, so that the dynamic voltage restorer compensate these voltage sag and swell 

conditions as shown in figure 9(e). Figure 9(d) shows the simulation result for dc link capacitor voltage. 

Comparison of the Total Harmonic Distortion of PI and FLC are shown in Figure 11 and Figure 12. 

 

 

 
 

Figure 11. THD for Voltage with PI Controller 
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Figure 12. THD for Voltage with Fuzzy Controller 

 

 

Figure 11 and 12 shows the outputs of the total harmonic distortions of the output voltage of the 

single area system with dynamic voltage restorer by considering conventional PI and fuzzy logic controllers. 

Out of these controllers the fuzzy controller get good THD as compared with the conventional controllers. 

The THD for voltage with PI controller is 8.95% and FLC is 3.58%. It shows that FLC is better than PI 

controller.  

 

 

6. CONCLUSION 

This paper discusses the concept of operation of reduced rating DVR with a new control strategy 

along with the In-phase compensation technique for compensating the power quality problems. The 

conventional PI based control technique is compared with proposed Fuzzy logic controller. Total harmonic 

distortion is compared with both PI controller and Fuzzy controller and it shows that FLC has fast response, 

low steady state error and less settling time. 
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