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Abstract 

This paper presents a new control algorithm for voltage 

disturbance extraction and mitigation. In this control 

algorithm for voltage reference determination, a robust 

fundamental component detector algorithm was adopted and 

guarantees extraction of the fundamental component of 

strongly distorted signals with fast dynamic response and 

accuracy. The control strategy developed is based on two 

measured voltages and was tested is two single-phase 

transformerless DVR topologies in mitigation of voltage 

harmonics and voltage sag/swells. Digital simulation results 

are obtained using PSCAD/EMTDC to verify the 

effectiveness of the proposed control algorithm. 

Keywords: Dynamic voltage restorer (DVR), Fundamental 

component detector, Harmonics, Voltage reference, Voltage 

sag/swell. 

 

I.  INTRODUCTION 

Power quality problems concern wide types of disturbances, 

different types of power quality problems and the most 

common and impacting are the harmonic distortions and 

voltage sags and swells. These power quality problems have 

great influences on the customers and representing financial 

losses. Preventing these types of disturbances from affecting 

the performance of electro-electronic devices is mandatory in 

industrial processes. Furthermore, the voltage levels and 

harmonic distortions levels on the system should be within 

established limits. Deterioration of voltage quality can greatly 

affect the performance of the equipment and increased risk of 

equipment damage and failures. 

The voltage harmonics limits are defined on IEEE standard 

519 guidelines. Based on the IEEE standard 519, harmonic 

voltage distortion on power system 69 kV and below is 

limited to 5.0% total harmonic distortion (THD%) with each 

individual harmonic limited to 3.0% [1].  

As presented in standard C84.1, the steady-state voltage 

tolerances for an electrical power system of 600V (low 

voltage) and below are ±5% of their rated value [2].   

Voltage sags and swells are defined in different manners 

based on their individual characteristics. There are two main 

standards, IEC 61000-4-30 [3] and IEEE 1159-1995 [4], 

which define voltage sag, interruption and swell.  

In order to keep load bus voltage constant, many conventional 

compensating devices such as: shunt and series capacitors, tap 

changing transformer, booster transformer, and constant 

voltage transformer. To compensate for power quality 

problems passive power filters can be used. However, 

conventional solutions based on passive elements do not 

always respond correctly as the nature of the power conditions 

change. 

 There are many different methods  to mitigate harmonic 

distortion voltages, voltage sags and swells, but the use of a 

compensating type custom power device is considered to be 

the most efficient method [5]. Dynamic Voltage Restorer 

(DVR) is employed in power distribution system to protect 

any voltage variation at the load bus connected to the sensitive 

loads. Dynamic voltage restorer (DVR) has become popular 

and flexible compensating device as a cost-effective solution 

for the protection of sensitive loads from voltage related 

issues especially voltage sags. The single-phase DVR is a 

series connected custom power device applied to mitigate 

sags, swells and harmonics voltages [5].  

Dynamic Voltage restorer is a solid-state device, which is 

coupled in series to power system line. The DVR plays an 

important role in regulating the voltage at the load side. It 

injects the compensating voltage into the system to improve 

the voltage profile.  
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Compensating effectively large voltage reductions requires 

active power, either from a storage system, the grid itself or 

from an auxiliary supply. In General, four basics system 

topologies for DVR can be considered, two topologies with no 

energy storage and two topologies with energy storage [6]-[7]. 

The transformerless topology for DVR has been also reported 

[8]-[9]. Different voltage compensation algorithms were 

available to mitigate voltage disturbances [10]-[11]-[12]-[13]-

[14]-[15].  

The rapid and accurate operation of the DVR in the 

compensation of voltage disturbances depends on the 

performance of the control strategy. The controller must 

perform the determination of the reference voltage properly.  

This paper discusses a new control strategy for the 

identification of voltage quality problem and mitigation. The 

control strategy is based on two parts. One part estimates the 

reference voltage and another part that will ensure that the 

compensation voltage generated by the converter will follow 

the reference voltage that has been estimated. Identified 

harmonics and sag/swell are mitigate by means a single-phase 

DVR that uses the presented control strategy.  

The verification of the proposed control strategy was carried 

out through different computer simulations using MATLAB / 

Simulink, simpower systems block set. 

 

II. GENERAL CONCEPTS OF DYNAMIC VOLTAGE 

RESTORE 

The DVR consists of a Voltage Source Converter (VSC), 

controller, passive filter, a dc energy storage device, 

protection system and a coupling transformer connected in 

series with the grid. The block diagram of DVR compensate 

system with energy storage and with inverter-side passive 

filter scheme is shown in Fig.1. The two basic filtering 

schemes are the inverter-side filter [16] and line-side filter 

[17]. The transformerless topology for DVR with energy 

storage is shown in Figure 2. It is interesting to avoid the 

common problem that appears in this case that is the coupling 

transformer saturation. 

Different types of energy storage systems, such as batteries, 

flywheels and superconducting systems (SMES), can be used 

to supply power to the DC bus of a DVR and ensure high 

efficiency in voltage sags. However, energy storage systems 

are typically characterized by high acquisition and 

maintenance costs. Topology without auxiliary system to 

supply power to the DC bus is presented in Figure 3.  Since all 

the energy needed for the mitigation is stored in the capacitor, 

this type of proposal has the drawback of requiring relatively 

higher values of capacitance and / or voltage in the DC bus, 

due to the need for high levels of stored energy. Even 

adopting high capacitance values, the effectiveness of the 

operation in the mitigation of voltage sags will be inadequate 

for more pronounced variations. 

Topologies of power supply to the DVR with the DC-AC 

converter (rectifier) connected to the supply grid upstream of 

the series transformer and with the rectifier connected to the 

load side downstream of the series transformer [6]-[7]. It 

should be noted that rectifier can be controlled or 

uncontrolled. The topology for DVR with no energy storage is 

shown in Figure 4. In this case the rectifier is uncontrolled and 

it is connected upstream of the series transformer. 

 

 

Fig.1. Basic Schematic structure of a DVR with energy 

storage. 

 

 

Fig. 2. Basic Schematic structure of a transformerless DVR 

with energy storage. 

 

 

Fig. 3. Basic Schematic structure of a DVR with no without 

additional supply. 
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Fig. 4. Basic Schematic structure of a DVR with uncontrolled 

rectifier connected upstream of the series transformer. 

 

III. PROPOSED CONTROL STRATEGY 

The operation of the DVR must respond very fast to the 

request from abruptly changing reference signals. 

Concomitantly, it must guarantee an accurate estimation of the 

reference voltage. The single line diagram of a DVR 

connected in series between sensitive load in order to mitigate 

voltage harmonics and voltage sag/swell is shown in the 

Figure 5. Where: vs is the grid voltage, vPCC is the terminal 

voltage, vC is the voltage injected voltage by DVR and vL 

represents the load voltage 

 

Fig. 5: A Single-line simplified equivalent circuit DVR. 

 

From Fig. 5 the load voltage is given by applying Kirchhoff’s 

voltage law: 

      𝑣𝑆 − 𝑖𝑆(𝑅𝑆 + 𝑗𝑋𝑆) + 𝑣𝐶 = 𝑣𝐿                 (1) 

The compensation voltage 𝑣𝐶(𝑡) injected by the DVR must 

ensure that the load voltage is not affected by the different 

types of disturbances that are being verified on the PCC bus. 

The complete control strategy now proposed for single phase 

DVR can be divided in two blocks, as highlighted in Figure 6. 

The first part is responsible for the injected voltage reference 

values that have to be computed continuously so that the 

inverter can follow the reference voltage signal (Reference 

Voltage Determination). The voltage reference determination 

is based only on the voltage at the PCC bus VPCC. The second 

part of the control strategy is the inverter management control 

for determination of switching signals (PWM Control). The 

triggering pulses provided by the PWM control are based on 

the reference signal of the first part of the control strategy 

𝑣𝑅𝐸𝐹(𝑡) and the voltage measured at the load 𝑣𝐿(𝑡). 

 

Fig. 6: Block Diagram of the Control Strategy of Single Phase 

DVR. 

 

III.a Reference Voltage Determination 

The reference voltage algorithm proposed is divided in two 

parts: the algorithm of sag/swell detection and harmonic 

detection algorithm. Before presenting these algorithms it is 

mandatory to present an essential component for their correct 

functioning: the  𝑣1(𝑡) detector (Fundamental Component 

Detector). The FCD algorithm is the heart of the reference 

voltage determination algorithm where its main function is to 

extract the fundamental component of grid voltage, which are 

used to determine the target signal of the output voltage [18]. 

The block diagram of this Fundamental Component Detector 

is depictured in Figure 7. From the signal 𝑣1(𝑡) estimated by 

the FCD algorithm we obtain the delayed signal in quadrature 

𝑣1_90(𝑡) by means of the algorithm presented by Özdemir et al. 

[19]. 

 

Fig.7. Fundamental Component Detector Algorithm. 

 

The magnitude value of the fundamental component estimated 

by the adopted detector is calculated by means of the 

expression (2). 

𝑉𝑡1 =  √𝑣𝑡1
2 + 𝑣𝑡1_90

2                                                               (2) 

The fundamental component estimated of the input voltage 

𝑣𝑡1(𝑡) is converted into a signal with unitary magnitude, 

dividing it with the voltage magnitude value of the 

fundamental component estimated of the as the following 

equation: 

 𝑣𝑡1𝑢𝑛𝑖𝑡
(t) = sin(𝜔1𝑡 + ∅1) =

𝑣𝑡1(𝑡)

𝑉𝑡1
       (3) 

Figure 8 shows the block diagram for determining the 

magnitude of the fundamental component 𝑉𝑡1 and a signal 

with unity magnitude 𝑣𝑡1𝑢𝑛𝑖𝑡
(𝑡). The extracted fundamental 

component of source voltage 𝑣𝑡1(𝑡)  is then utilized together 

with the peak value of the fundamental component 𝑉𝑃𝐶𝐶1 and 

with signal with unitary magnitude for obtaining the 

instantaneous reference voltage for DVR. The reference 
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voltage determination algorithm have the function of 

simultaneously and independently detect the presence of 

voltage harmonics and voltage sags/swells, and calculate the 

appropriate compensation voltage for PWM generator to 

trigger the PWM inverter. The proposed reference voltage 

estimation 𝑣𝑅𝐸𝐹(𝑡) algorithm for single phase DVR has only 

the input 𝑣𝑡(𝑡)  and it is summarized by means of the block 

diagram shown in Figure 9.  

 

Fig. 8. Estimation of auxiliary control signals. 

Can be verified that the reference signal 𝑣𝑅𝐸𝐹(𝑡) will be a 

sinusoidal signal of variable magnitude because the 

comparison will be with the voltage in the load 𝑣𝐿(𝑡), which 

must be sinusoidal and of nominal amplitude. Thus, the fact 

that it is a sinusoid guarantees that the harmonics in the signal 

of the network voltage were rejected, which represents the 

voltage harmonic filtering control. On the other hand, being 

this sinusoidal reference signal of variable magnitude, we 

have the representation of the control of voltage sag.  

 

Fig. 9. Proposed Voltage Reference Algorithm. 

 

For the detection of the voltage sag/swell value, it is sufficient 

to subtract the fundamental component of the voltage from the 

specified nominal value. In sag/swell detection, first the 

magnitude of fundamental component of voltage (𝑉𝑡1) is 

extracted from expression (2) and the signal with unitary 

magnitude synchronized with the fundamental component of 

the grid voltage (𝑣𝑡1𝑢𝑛𝑖𝑡
) is obtained by (3). The depth of 

sag/swell is calculated by (4). Subsequently, the sag/swell 

sinusoidal signal is calculated by (5).  

𝑒 = 𝑉𝑡1 − 𝑉𝑡1_𝑅𝐸𝐹                      (4) 

𝑣𝑠𝑎𝑔/𝑠𝑤𝑒𝑙𝑙(𝑡) = 𝑒 ∙ 𝑣𝑡1𝑢𝑛𝑖𝑡
(𝑡)                                (5) 

Finally, in order to compensate voltage harmonics it is 

sufficient to add the fundamental component of measured grid 

voltage 𝑣𝑡1(𝑡) to the sag/swell sinusoidal signal 𝑣𝑠𝑎𝑔/𝑠𝑤𝑒𝑙𝑙(𝑡) 

and this results the final reference signal as the summation 

given by (6). 

𝑣𝑅𝐸𝐹(𝑡) = 𝑣𝑠𝑎𝑔/𝑠𝑤𝑒𝑙𝑙(𝑡) + 𝑣𝑡1(𝑡)                  (6) 

It is important to note that the 𝑣𝑠𝑎𝑔/𝑠𝑤𝑒𝑙𝑙(𝑡) control signal is 

obtained without considering a PI controller normally used in 

the voltage sag detection part. Normally the processing part of 

the error is obtained by comparison between the reference of 

the amplitude and estimated amplitude [14]. In this case we 

used only a proportional control when necessary. 

 

III.b Switching Control 

The DVR switching method is responsible for controlling the 

state of the power inverter semiconductors in order to produce 

the voltage determined by the reference voltage algorithm 

proposed. The SPWM technique is the switching method 

adopted that has fixed switching frequency and it is used in 

the voltage control loop to force the measured voltage 

according to the reference voltage [20], [21]. This is a linear 

voltage control method and the function of the PI controller is 

to reduce the error to zero. The VSI is controlled using a 

classical PI controller with a PWM modulator is shown in 

Figure 10.  

 

Fig. 10. Block diagram of PI controller with SPWM switching 

technique. 

The PI controller input is an error signal obtained from 

reference voltage 𝑣𝑅𝐸𝐹(𝑡) and measured load voltage 𝑣𝐿(𝑡). 

This error is processed by a PI controller and the output is 

then fed to the PWM generator to produce gate pulses to the 

VSI to generate the necessary injected voltage. The PI 

controller output is compared with a high triangular frequency 

(carrier waveform) and the crossovers are used to determine 

the correct switching instants to generate controlled voltages 

for compensation process. Duty ratio of the PWM method is 

calculated by comparing a triangle waveform (carrier 

waveform) with high frequency to a reference signal. The 

reference voltage 𝑣𝑅𝐸𝐹(𝑡) is a sinusoidal signal of 

fundamental amplitude variable and synchronized with the 

fundamental component of the voltage measured at the point 

of common coupling. This is compared to the voltage 

compensated in the load 𝑣𝐿(𝑡)  and this way we have an 

indirect PWM control. 

 

III. SIMULATION RESULTS 

In this section, the performance of the proposed control 

algorithm for reference voltage determination is tested and 

evaluated by simulations for the structure of transformerless 
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DVR compensator with uncontrolled rectifier connected 

upstream of the series transformer as shown in Figure 11.  

The control strategy presented was implemented in 

PSCAD/EMTDC simulating an actual working environment. 

A test case was modeled to evaluate the performance of the 

single-phase DVR through simulations using the PSCAD 

using a time step of Ts= 10μs. In this case, the control strategy 

was implemented using C language for floating-point 

arithmetic with a different sampling frequency. The sampling 

frequency was set to fs  = 18 kHz being thus similar to the 

frequency adopted in the practical digital implementation 

using DSP (Digital Signal Processor). In this way, the 

simulated control system is represented close to the practical 

conditions that was later implemented on a real DSP platform. 

The results were validated by comparing with previous 

research works. In this case, parameterizations verified in 

previous studies were considered [22], [23] and [24].  Since 

some characteristics that differentiate the analyzed models and 

their parameters were verified, but with similarities in 

disturbances severities. In this case, we will not use DC 

auxiliary power supply voltage as a renewable supply as 

presented in [22], [23] and [24]. The linear load was specified 

in terms of a given complex power and it is represented by a 

series circuit given by an active power and a reactive power. 

The DVR based on the proposed controller model is 

implemented to compensate sag/swell and voltage harmonics. 

The parameters of the simulated system showed in Figure 11 

are given in Table 1. 

In this case, it will be considered a more conservative 

scenario, the limits will be similar to those for the steady state 

performance. In fact, the grid voltage can be within an 

admissible range, usually ±10% of the rated value, and the 

load is able to deal with these voltage deviations. In this way, 

since during sag/swell it is the reference value for load voltage 

will be ± 5%. The voltage sag or voltage swell are imposed at 

PCC from instant 0.5 sec to instant 0.65 sec for approximately 

9 cycles. 

 

 

Fig. 11. Schematic Diagram of DVR with power supply 

upstream of the series transformer.  

Table 1. System Parameters 

Component Component Values 

Power Supply  𝑉𝑆, 𝑓𝑆, 𝐿𝑆 127 Vrms, 60 Hz, 150 µH 

Linear load S, PF - (𝑅𝐿 +
𝑗𝑋𝐿) 

864 VA and PF = 70%, 

(11.67 + j11.904)Ω  

 L = 31.575 mH 

DC Link Capacitor   𝐶𝐷𝐶 6.8 mF 

LC switching filter ripple 
(𝐿𝑓 , 𝐶𝑓 , 𝑅𝐶) 

5 mH, 4 µF, 50 Ω 

Switching frequency   𝑓𝑆𝑊 9 kHZ 

Coupling shunt Transformer - 

S, Vrms, X(%) 

1kVA, 127 Vrms/127 Vrms, 

X = 10% 

 

Case1:  Grid voltage condition under voltage sag. 

The voltage will decrease to 52.17 % of its normal value, for 

duration of 0.15 sec, between t = 0.5 sec to t = 0.65 sec. 

Figure 12 shows the simulation results of supply voltage, 

compensating voltage, compensated load voltage during 

voltage sag. The load and PCC voltages are showed in detail 

in Figure 13. 

The PCC voltage peak value is 178 V, load voltage peak value 

177.2 and load voltage ripple is 6.7 V peak to peak.  The 

lower value during the voltage sag was 169.5 V, and the 

highest value relative to the voltage sag transitory period was 

184.1 V. These variations are within the stablished limits of ± 

5V. The ripple could be optimized by tuning the passive filter 

or even by increasing the switching frequency.  

Figure 14(a) shows the behavior of the DC link voltage. 

Figure 14(b) shows that the dynamic presented by the PCC 

current is highly affected by the non-controlled rectifier that 

condition the energy so the fault can be mitigated. The energy 

stored by the capacitor at the DC link sustains the energy for 

some time but after this time, it’s necessary to reenergize it 

with the rectifier that uses energy taken from the grid. During 

voltage sag, real power flows from the non-controlled rectifier 

to series inverter. An important feature of the control strategy 

is that the DC link voltage is not controlled. This represents a 

lower quality dynamic and could be improved by means of a 

DC link voltage control. Thus, a controlled rectifier would 

have to be adopted to make this possible. 
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Fig. 12. Result showing voltage sag. (a) PCC voltage. (b) Compensation voltage. (c) Load voltage. 

 

 

Fig. 13. Detail Load voltage and Pcc voltage. 

 

 

Fig. 14. Result showing voltage sag. (a) DC-Link voltage. (b) Supply and load Currents. 

 

Case 2. Grid voltage condition under voltage swell. 

The voltage will increase to 117.39% of its normal value, for 

duration of 0.15 sec, between t = 0.5 sec to t = 0.65 sec. 

Figure 15 shows the simulation results of supply voltage, 

compensating voltage, compensated load voltage during 

voltage swell. PCC voltage peak value is 178 V, load voltage 

peak value 177.1 and load voltage ripple is 6.9 V peak to 

peak.  The lowest value during the voltage swell is 173.4 V 

and the highest value relative to the voltage swell transitory 

period was 179.2 V. These variations are within the 

established limits of ± 5V.  
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Fig. 15. Result showing voltage swell. (a) PCC voltage. (b) Compensation voltage. (c) Load voltage. 

 

 

Fig. 16. Result showing voltage swell. (a) DC-Link voltage. (b) Supply and load Currents. 

 

Figure 16 depicts DC link voltage, supply and load currents. 

In this case the dynamic behavior is different, and the DC link 

voltage has a slower transient response. However, the source 

current has a distinct dynamic and is associated with the DC 

link voltage rise and has reached a lower peak value.  

The dynamic behavior of the voltage at the DC link showed in 

Figure 14(a) can be more accurately verified in a duration of 5 

sec. as shown in Figure 17. The effective steady state was 

settled after 4.1 sec. In this case also, the use of a controlled 

rectifier would represent a better dynamic performance. But 

this would be another aspect to be discussed in terms of cost 

versus benefit. 

 

 

Fig. 17. DC-Link voltage  
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Case 3. Grid voltage condition under voltage harmonics. 

The sinusoidal source voltage will be distorted to a THD% = 

24.79% (44.31V), for duration of 0.2sec, between t = 0.5 sec 

to t = 0.7 sec. The harmonics adopted were 𝑉3 = 21.97 𝑉, 

𝑉5 = 32.35 𝑉, 𝑉7 = 20.79 𝑉. Figure 18 shows the simulation 

results of supply voltage, compensating voltage, compensated 

load voltage during voltage harmonics disturbance. 

 

 

Fig. 18. Result showing voltage harmonics. (a) PCC voltage. (b) Compensation voltage. (c) Load voltage. 

 

In this case, as expected, a small variation in the DC link voltage was observed in Figure 19(a). 

  

Fig. 19. Result showing voltage harmonics. (a) DC-Link voltage. (b) Supply and load Currents. 

 

The behavior of the current at the source shows that only a 

small amount of energy was needed to recover the value of the 

DC link as can be verified in Figure 19(b). The harmonics 

distortions values of the PCC and load voltages obtained are 

depicted in Figure 20. 
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Fig. 20. Result showing voltage harmonics. (a) Total harmonic distortion. (b) PCC voltage harmonics.  

(c) Load voltage Harmonics. 

 

 

Table 3 resumes the behavior between the periods of 0.2sec in 

which the voltage harmonics were injected in the grid voltage.  

 

Table 3. THD and harmonic values during the period which 

the PCC voltage were distorted. 

Voltage harmonics 

distortion 

PCC voltage Load voltage 

THD(%) 24.81 2.25 

3th(%) 12.31 1.02 

5th(%) 18.14 1.69 

7th(%) 11.78 1.04 

 

 

 

 

 

Case 4. Grid voltage condition under voltage harmonics 

and sag. 

In this case, two simultaneous disturbance are implemented 

for DVR compensation.  First, the sinusoidal source voltage 

will be distorted to a THD% = 24.79% (44.31V) from 0.3 sec 

and maintaining distortion during simulation analysis. The 

harmonics adopted were 𝑉3 = 21.97 𝑉, 𝑉5 = 32.35 𝑉, 𝑉7 =
20.79 𝑉. Second, the supply voltage will decrease to 52.17 % 

of its normal value, for duration of 0.15 sec, between t = 0.5 

sec to t = 0.65 sec.  

Figure 21 shows the performance of the proposed controller 

by compensating first voltage harmonics and during 0.15sec 

compensating voltage harmonics and voltage sag. The DC 

link voltage drops during voltage sag and recovers relatively 

slowly from the energy from the uncontrolled rectifier as 

shown in Figure 22(a). Figure 22(b) illustrate the behavior of 

the supply current and can be verified the transient after 

voltage sag ends in 0.65 sec. This transient which initially 

represented a high current value is associated with the energy 

replacement for the DC link capacitor through the 

uncontrolled rectifier.  

The harmonics distortions values of the PCC and load 

voltages obtained before, during and after sag voltage period 

are depicted in Figure 23. Table 4 shows the harmonic 

distortions values after compensation of the voltage 

disturbances before and during voltage period. 
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Fig. 21. Result showing voltage harmonics and sag. (a) PCC voltage. (b) Compensation voltage. (c) Load voltage. 

 

 

Fig. 22. Result showing voltage harmonics and sag. (a) DC-Link voltage. (b) Supply and load Currents. 

 

 

Fig. 23. Result showing voltage harmonics and sag. (a) Total harmonic distortion. (b) PCC voltage harmonics. (c) Load voltage 

Harmonics 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 22 (2018) pp. 15860-15871 

© Research India Publications.  http://www.ripublication.com 

15870 

Table 4. THD and harmonic values after voltage 

compensation. 

Voltage 

Harmonics 

Distortion 

 

PCC 

voltage 

PCC 

voltage 

(during 

Sag period) 

 

Load 

voltage 

DVR 

connected 

Load voltage 

DVR 

connected 

(during SAG 

period) 

THD(%) 24.82 47.79 2.26 3.64 

3th(%) 12.33 23.70 1.09 1.61 

5th(%) 18.13 34.92 1.64 2.73 

7th(%) 11.77 22.43 1.06 1.80 

 

CONCLUSIONS: 

This work, a novel algorithm for extraction reference voltage 

for extraction of voltage harmonics and detection of sag/swell 

of single-phase DVR is shown. The voltage reference 

algorithm is based on a detector that extract fundamental 

component and instantaneous magnitude of measured PCC 

voltage. The voltage reference signal is used in indirect 

voltage control with a SPWM switching technique. The 

proposed control strategy has been analyzed, presented and 

validated in a single-phase DVR with power supply upstream 

of the series transformer using PSCAD/EMTDC. The single-

phase DVR performance is investigated under steady-state 

and transient conditions and found satisfactory, confirming 

that the control strategy complies with its goals, allowing the 

DVR to compensate main voltage harmonics and voltage 

sag/swell. These simulations indicate that control strategy has 

a very good accuracy under steady-state conditions and a fast 

dynamic response in transient situations. It should be noted 

that the voltage values measured in the load with the operation 

of the DVR were within the limits reported in section III, 

proving the effectiveness of the proposed. In this DVR 

topology, the DC bus voltage is unregulated and voltage 

sag/swell must be compensating within operational limits. 
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