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 At a recent time voltage distortion is one of the foremost power quality 
problem at all level of power system. Power electronic controllers like 

various filtering technology have been used for more desirable solution of 
power quality problems to users. But still there is a voltage and frequency 
deviations problem in the power system which leads to reduction in quality 
of power and thereby reduces the life of consumer equipment. To overcome 
this drawback and protects the sensitive loads from power quality problems, 
custom power devices are used. Among various custom power devices, 
Dynamic voltage restorer (DVR) is an ultimate solution to address the 
voltage correlated power quality problems. DVR is a usual three phase 
inverter which transforms DC to AC and vice-versa using DC link capacitor. 

Whenever utility is distorted by voltage correlated faults, DVR is dynamic 
and it shields the load from utility distortions. Whenever distortion arises, the 
control strategy for the DVR plays significant role to make the DVR in active 
condition. Among all control strategies, Synchronous reference frame theory 
is simple and suitable for DVR. The DVR topology is verified and validated 
using SIMULINK/MATLAB. 
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1. INTRODUCTION 

Power quality refers to the ability of electrical equipment to consume the energy being supplied to 

it. The problem behind the power quality could be the light diming and the failure of consumer equipment. 

These problems are associated with voltage correlated issues like voltage sag, swell, harmonics, poor power 

factor, and voltage unbalance bearing on the efficiency of electrical equipment. At recent time, power quality 

is most complicated issues in consumer side [1-3]. These power quality issues are mitigated by using Custom 

power device (CPD) [4]. The various filtering technologies are used in power system to obtain desirable 

power quality. To overcome the drawbacks of instability and fixed compensation, active filters are used i.e. 

series, shunt and hybrid filters. Hybrid filter is the amalgamation of shunt filters and series filters. Passive 

filters are widely used to reduce the harmonics [5]. But still there is a voltage and frequency deviation 
problems in the power system which leads to failure of the consumer’s equipment to reduce the power 

quality problem and increase the reliability of the system. Recently, an advanced power electronic controllers 

are launched and has given birth to custom power devices. As per the standards of IEEE and IEC standards, 

there is increasing trend towards the CPD in the distribution for effective voltage compensation. Figure 1 

illustrates the classification of CPD and they are explained as follows. 
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Figure 1. Classification of CPD [6] 

 

 
Compensating devices are used for power factor correction and voltage balance [7]. These are 

mainly categorized into three type’s i.e. Dynamic voltage restorer (DVR), Distribution static compensator 

(DSTATCOM) and Unified Power Quality Compensator (UPQC). 

DVR is a series-connected converter [8-9] which protects sensitive electric equipment from power 

quality issues. The DVR provides the required amount of voltage and frequency in the load side. It is also 

known as static compensator and it can be used to compensate voltage sag as well as mitigate harmonic 

disturbances [10-12]. It is also used as high power electronic controlling device [13-14]. DVR is used for the 

harmonics reduction, fault current limitations and transient reductions. A DVR can be made up of an 

injection transformer, Voltage Source Converter (VSC), energy storage unit and filter which is shown  

in Figure 2 [15-17]. 

 

 

 
 

Figure 2. Block diagram of DVR [17] 
 

 

Injection transformer restricts the noise and transfer energy from primary to secondary side. In 

accumulation, the Injection transformer assists for the persistence of isolation of the load from  

the system [18]. A VSC is a power converter which consists of storage and switching devices [19], it can 

generate required AC voltage [20-21]. It consistently performs energy storage and predominantly operated in 

balancing condition. Harmonic filter is used to accumulate the harmonic content produced by the VSC to the 

tolerable level. 

DSTATCOM are used in the distribution side for enhancement of power quality [22]. It provides 

solution for power quality problems, power factor improvement and voltage regulation [23-24]. 

DSTATCOM is a shunt connected device consisting of VSC, storage device, filter and coupling transformer 
[25]. VSC converts the DC into balanced three phase AC voltages. These generated voltages are fed to the 

utility grid through coupling transformer.  

UPQC appears to be a principally capable power conditioner device. UPQC can be made up of two 

VSI which is coupled to the incorporation of back to back series and shunt compensators through common 

DC bus voltage [26]. It is a device which can terminates the current in shunt and voltage in series 

simultaneously. UPQC balance the terminal voltage and exclude the negative zero sequence current at the 

similar period [27]. It is used to compensate voltage fluctuations and harmonics [28]. 

Network reconfuring type are usually gate turn off (GTO) based devices. These devices are used to 

limits the fault current, protection from voltage sag and swell. These are mainly categorized into three type’s 

i.e. static current limiter (SCL), Static circuit breaker (SCB) and Static transfer switch (STS). 
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SCL is used to prevent high fault current. It is the combination of a couple of opposite poled 

switches in parallel with the current limiting inductor [29]. The current limiter is used to control the current 

in case of a fault. In the usual condition the opposite poled switch remains closed. When the fault is sensed, 

these switches are opened and thereby the fault current starts flowing through the current limiting inductor 

and limit the current [29]. 

SCB is used to perform auto reclosing function [29]. It reduces the electrical faults and preserves the 

huge currents from distribution side. It is used as single, hybrid, static transfer switch. The current and 

voltage ratings of the breaker illustrates the price tag, constraint of switching devices and breaker losses. It is 
used as high speed switching device. 

STS can be used to shield the sensitive load from voltage sag or swell and thereby serves as 

protecting device [30]. The advantage of the STS is the continuous supply of load current and there by 

maintain uninterrupted power to consumers. It is used in high power applications. 

The above mentioned CPD possess its own benefits. Among these devices, DVR is examined as 

unique and most efficient because DVR has many advantages by comparing with the other CPD’s. One of the 

advantages is less expenditure compared to the other devices. Additional justification is that, the DVR has a 

higher energy capability than other devices. Besides, the DVR is minor in dimension compared to the 

DSTATCOM [31]. Based on these explanations, the DVR is extensively examined as most effective CPD for 

mitigating power quality problem. Whenever distortion arises, the control strategy plays significant role to 

make the DVR in active condition. Among all control strategies, stationary reference frame theory is simple 

and suitable for DVR. The topology is validated by using SIMULINK/MATLAB. 
In section 2, the control strategies of the DVR are discussed. In section 3, the detailed description of 

proposed theory is discussed. In section 4, result and discussions are explained and section 5  

provides the conclusion. 

 

 

2. CONTROL STRATEGY OF DVR 

Control strategy is nothing but the process used to control the system and execution of strategic 

plans. The main concept of control scheme is to sustain constant voltage magnitude at the sensitive load side. 

In order to mitigate the voltage distortions, the various control strategies of DVR are used and  

explained as follows. 

 

2.1.   Phase Locked Loop (PLL) 

Phase locked loop acts as a control system, which gives output signal. The phase of the output signal 

is related to the phase of input signal. It is used to track the phase of the incoming signal [32]. Figure 3 shows 

that, PLL consists of three elements namely phase detector, Voltage Controlled Oscillator (VCO) and loop 

filter. The basic concept behind the PLL, the signal from the VCO and the reference signal connected to the 

input ports of the phase detector. The output from the phase detector is passed to the loop filter. The 

incoming signal of loop filter is applied to VCO. The error signal which is generated from the phase detector 

passes through a loop filter which, then manages various assets out of the loop and eliminate the high 

frequency elements from the signal. Once error signal generated from the loop filter is applied to the control 

terminal of the VCO. The sense of any variation in this voltage is such that it tries to reduce the phase 

difference and frequency between the two signals. Initially the loop will be out of lock, and the error voltage 
will pull the frequency of the VCO towards that of the reference, until it cannot reduce the error any further. 

At that instant, the loop is locked and hence called PLL. 

 

 

 
 

Figure 3. Block diagram of phase locked loop 
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2.2.   Reference Frame Theory 

A transformation of variables is used frequently to reduce the complication of the voltage equations 

that examines the performance of electric machines. The well-known real transformations are attained from 

the general transformation by simply conveying the speed of the rotation of the reference frame. There are 

three reference frames and they are as follows: 

a. Stationary reference frame theory 

b. Rotor reference frame theory 

c. Synchronous reference frame theory 

 

2.2.1 Synchronous Reference Frame Theory 
Among the several control strategies of DVR, synchronous reference frame (SRF) theory is most 

predictable and suitable for DVR. The main concept as the name suggests is to have a frame which rotates at 

a synchronous speed [33]. SRF based control method presents excellent features when compared to other 

methods but it requires PLL technique. This new technique is based on the SRF theory using the PLL for 

phase locking, so it work under distorted and unbalanced load conditions. The main advantage of SRF theory 

is that it allows any transformation of space coordinates that does not depend on time. 

 

 

3. PROPOSED THEORY 

The proposed control scheme is to sustain constant voltage magnitude at the sensitive load point. In 

order to mitigate the numerous voltage distortions, the synchronous reference frame (SRF) theory control 
scheme is implemented, but it requires phase locked loop (PLL). Here PLL acts as a control system and gives 

output whose phase is related to the phase of input. So it will works under the distorted and unbalanced load 

conditions. The proposed SRF control scheme uses a-b-c to d-q-o transformations, filters, PLL and inverter 

as shown in Figure 4. The proposed SRF based theory can be used to resolve power quality problems like 

voltage sag, swell, harmonics, flickers, voltage unbalance etc. [34]. In this method the control technique of 

DVR examines the reference voltage to be injected by the injection transformer, by connecting the positive 

sequence components of the utility voltages with load side line voltages. These utility side voltages are 

converted into d-q-o and filtering out required component by using filters and then inverse transformation is 

applied to get a-b-c transformation. Figure 5 shows the block diagram representation of three phase DVR. 

 

 

 
 

Figure 4. Block diagram of SRF theory [34] 

 

 

4. RESULTS AND DISCUSSIONS 

The grid supplying 415 V, 50Hz, to the constant load and DVR is connected in series with the grid 
line with the help of injection transformer. The three phase fault was created on the utility side and examined 

how the DVR is operating while utility is under three phase fault condition. 

DVR consist of converter which is used for power conversion and injection of voltage with the grid. 

Injection transformer is useful for voltage injection at determined level towards the grid. In this work, the 

voltage sag is created from t=0.03s to t=0.1s between two phases and swell occurs from t=0.2s to 0.4s. In this 

condition, the three phase voltage across grid is shown in Figure 6 a. It is found that two phases have low 

voltage from t=0.03s to t=0.1s during voltage sag and high voltage from t=0.2s to 0.4s during voltage swell, 

there is occurrence of switching frequency voltages in the converter, remaining switching times it maintains 

constant voltage. The three phase voltage across the load shown in Figure 6 b, it is found that during 

occurrence of voltage sag and swell for particular switching period, it maintains constant load voltage due to 

DVR. The injected voltage of DVR is shown in Figure 6 c, it is found that more voltage is injected or 
absorbed due to occurrence of voltage sag and swell. Harmonics reduces the quality of power. Therefore, the 
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filter circuit is used to remove the harmonics. The DVR is able to compensate both the voltage sag as well as 

swell and maintain the constant load voltage as shown in Figure 6 b. During voltage sag and swell conditions, 

the DVR provides injected voltage and protects the system from distorted conditions. 

 

 

 
 

Figure 5. Block Diagram Representation of three phase DVR 

 

 

Total harmonic distortion (THD) is the measure of effective value distorted wave form and it is 

defined as the ratio of the sum of the powers of all harmonic components to the power of the fundamental 

frequency. In power systems, lower the THD means reduction in peak currents, core losses etc. and it is 

measured by using THD analyzer. A THD measurement can be made by applying a sine wave as an input to 

a system, and determining the total energy which appears at the output of the system as harmonics of the 
input frequency. Figure 7 shows the THD for the load voltage under different harmonic order for the 

fundamental frequency (50 Hz) and THD of load voltage are 3.95% which is less than the 5% limit 

prescribed in IEEE- 519 standards. 

 

 

 
 

Figure 6. a) Grid voltage, b) Load voltage and c) Injected voltage under Three Phase Fault condition 
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Figure 7. THD for the load voltage under different harmonic order 

 

 

5. CONCLUSION 

This paper dispenses the literary text review of different types of CPD for improvement of power 

quality. The appropriate custom power devices are selected based on system configuration and type of load. 

It has been found that DVR has superior characteristics such as vibrant reaction to disturbance, less cost and 

size. The new methodology of control strategy such as synchronous reference frame theory is discussed to 

improve the power quality using DVR. The overall performance of the DVR is examined under faulty 

condition. With this control strategy, the simulated output value of THD is found to be 3.95%. DVR is 
provided to suppress the voltage distortion in utility side. The voltage and current related power quality 

problems are reduced by using DVR. Thus the DVR obviously dispense the best economic solution for its 

expanse and capabilities under distortions. 
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