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This document proposes a photovoltaic (PV) based single-phase dynamic
voltage restoration (DVR) device, it eliminates both sag and swell voltage and
compensates for power. The proposed system requires a power source to
compensate for the sag/swell voltage. This system has found a simple topology
for the DVR that uses PV with two DC-DC boosts converters as the DC power
source for the dynamic voltage conservator. The DC/DC boost converter
powered by the PV generator is applied to increase the voltage to meet the DC
bus voltage requirements of the single-branch voltage source inverter (VSI).
This system uses renewable energy; saves energy accordingly and supplies
power to critical/sensitive loads. The control method used in this work is a
Sliding Mode Control (SMC) method and relies on a phase locked loop (PLL)
used to control the active filter. The effectiveness of the suggested method is
confirmed by the MATLAB/Simulink® simulation results and thelaboratorial
prototype. These results show the capacity of the proposed DC link control.
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1. INTRODUCTION

Industries have achieved a remarkable rate of growth in late years with sophisticated and advanced
computers and equipment. A very good product quality, downsizing and financial gain from this modern
industrialization method have opened the door to market for sensitive installation and control devices,
automated manufacturing units and computerized process controls. The significant benefit of the revenues
collected has provided these popular systems in the industrial field, whatever their initial cost. Most processes
implying this device are disrupted by voltage quality issues. Industrial and residential disturbances in power
quality are largely due to voltage drop, voltage swell and long delay power interruptions [1, 2]. The sag voltage
is determined as an abrupt decrease in the supply voltage which can go between 10% and 90% of its rated
sinusoidal waveform.However although, the voltage swell is determined as an abrupt rise in source voltage
between 110% and 180% of its rated sinusoidal value. In accordance with IEEE standards 519-1992 and IEEE
1159-1195, a typical time of sag and swell voltage is between 10 ms and 1 min [3-5]. The Dynamic Voltage
Regulator (DVR) has become in recent years famous as a successful solution for the protection of sensitive
loads with voltage sag and swells by injecting the series voltage and the synchronism with the mains supply
voltage [6-10]. The DVR is connected in series with the distribution line via an injection transformer as in
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Figure 1. During a short circuit fault, the voltage on the distribution bus decreases. This causes a dip in the
voltage happens in the sensitive load. To solve the voltage across the load, the DVR is aimed to this purpose.
[11-13]. The DVR's power switches must be controlled using an appropriate control strategy to produce gating
signals for the DVR's power switches [14-16].
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Figure 1. General DVR structure

Growing concern over growing energy consumption, environmental degradation resulting from the
burning of fossil fuels and fluctuating oil prices nations have increased the use of renewable energy generation
in the application of the power system. PV based DVR has device to solve the voltage power quality problems
for a small industry, especially in rural areas, areas have a significant amount of sunstroke. This can happen in
developing countries, where the electrical energy generated is less than their demand. The disadvantage of
photovoltaic electricity production systems is that, the photovoltaic generator loses its output capacity when
the radiation level is changed.

This paper presents a new topology of the PV-based dynamic voltage restorer to reduce voltage
disturbances, especially sag, swell voltage and harmonic. Two DC-DC converters are used to double the
voltage of the photovoltaic system and power the Voltage Source Inverter (VSI) of the dynamic voltage
conservator. The MPPT algorithm based on disturbances and observation is practiced to draw maximum power
from the photovoltaic system of the first DC-DC converter. a control based on two current loops to define the
pulses of the second converter to keep the output voltage of the second DC-DC converter.

The document is organized as follows: The configuration of DVR powered by the PV will be
presented in section 2. It also highlights the required units such as power source, linear load, DVR and control
engineering algorithms. Then, the main results of the simulation,voltage waveforms and THD analyzes will be
discussed in section 3. Finally, the document will be completed by the concluding remarks.

2. DESCRIPTION SYSTEM
2.1. PV Integrated single-phase dynamic voltage restorer

he dynamic voltage restorer is one of the FACTS means, which is connected in series with the
distribution line via the transformer and consists of a voltage source inverter (VSI) to achieve DC/ AC
conversion, a DC voltage source to supply the DC link of the VSI [17]. the main role of the DVR is maintained
the magnitude voltage at a sensitive load in case of dynamic fluctuation of the voltage. The DVR corrected the
voltage in the distribution system under the voltage power quality problems. The proposed power system model
includes a PV system, a DVR, energy storage devices and two cascaded multilevel converters. MPPT is an
essential part of a solar photovoltaic system. The (P&O) MPPT algorithm applies a slight increment or
decrement of the DV perturbation voltage to the operating voltage of the PV module. The VPV and IPV
parameters measured from the PV generator output are used to generate a control signal Vref for the PWM
generator. The operating principle of the (P&O) MPPT has been explained in [18, 19]. Photovoltaic systems
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use in the set of DC-DC converters, which are usually switching regulators to convert the DC voltage, normally
unregulated, into a regulated DC voltage. In the proposed single-phase DVR, a photovoltaic generator with
two DC-DC voltage boosters, the first connected with a MPPT algorithm is incorporated to work as a DC
voltage source for the second converter, which is associated two regulation loops and operate as a DC voltage
source for the DVR. The schematic diagram of the single-phase DVR is shown in Figure 2.
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Figure 2. Configuration of PV-DVR

2.2. PV panel model

The solar cell formed a basic unit of a PV system. Solar cell or photovoltaic PV is a device composed
of semiconductor materials such as silicon, gallium arsenide and cadmium telluride, etc., which directly
converts sunlight into electricity. The voltage of a solar cell does not highly depend on the solar irradiance, but
mainly depends on the temperature of the cell. PV modules can be designed to serve different voltages by
assembling cells in series. Typically, a solar cell can be modelled by a single diode of PV cell [20, 21]. The PV
equivalent circuit is shown in Figure 3.
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Figure 3. Single model of the PV cell

2.3. Control algorithm for MPPT perturbation & observation (P& Q) method

The model of the proposed photovoltaic generator uses theoretical and empirical equations as well as
data generated by the unique MPPT monitoring technique based on data at varying temperatures and by solar
radiation among other variables. The (P&O) algorithm works by periodically disturbing the operating voltage,
which are based on the fact that, on the voltage-power characteristic. If the power difference AP and the voltage
difference AV, both in the positive direction, the grid voltage increases. If the voltage difference or the power
difference is in the negative direction, the mains voltage decreases. If the voltage and the power difference are
in the negative direction, the mains voltage increases [22, 23]. A Flowchart of the (P&O) algorithm is found in
Figure 4.
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Figure 4. P&O algorithm

3. CONTROL SCHEME

In the single-phase DVR, a simple control method is proposed and its efficiency at frequent instances
is evaluated by simulation. The voltage dip as well as the overvoltage are simulated and compensated by an
active filter in series with a Sliding Mode Control (SMC) method. In addition, a single-phase locked loop is
used to extract the attitude data. The phase locked loop of this document is a good choice for such structures
and the method of treatment is simple and exceptionally robust. The Sliding Mode controller processes this
error to generate a reference current amplitude multiplied by a sinusoidal signal to generate a reference AC
signal. The sinusoidal signal has the same phase and the same frequency as that of the network voltage and is
generated by the PLL. Figure 5 shows the equivalent circuit of Single-phase DVR and block diagram of control
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Figure 5. Equivalent circuit of Single-phase DVR and block diagram of control scheme

Principle of Sliding Control - in accordance with the general theory of sliding control, all state
variables are found and the corresponding errors are multiplied by gains Ki and summed to form the sliding
function P. Then the hysteresis controller keeps this function close to zero so we can write: P=Y.~ , K; * a;=0
(N is number of state variables and o is the error in state variable) [24, 25]. Designer must perform the following
three main tasks for controller design:

- Choice of sliding surface
- Check for existence of sliding mode and reaching condition

Figure 6 shows the sliding control of the DVR. In order to control, we must find the sliding surface

that will be directly affected by the switching law.
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Figure 6. Sliding mode control in matlab

4. SIMULATION RESULTS

To verify the proper functioning of the proposed DVR powered by a PV system controlled by sliding
mode,simulations were developed in MATLAB\Simulink. The parameters which have been used in the
simulation are shown in Table 1 to Table 3. Sag Voltage applies between 1.2 to 2s, where the amplitude of the
voltage is chosen equal to 50%, which corresponds to 0.5 pu in the phase. In the case of harmonics, using the
programmable AC source, two main harmonics of order 5 and 7 are generated with a magnitude and an angle
phase of [0.2 pu, 35°] and [0.3 pu, -25°] respectively. At instance t =1.2 s, the single-phase DVR compensates
for and corrects the voltage harmonics by injecting the complementary voltage value by the injection
transformer. Thus, during the compensation, the total harmonic distortion value THD improved, where the
source THD = 50% and the THD load = 2.93%. As an observation, the PV current was not affected by the
harmonics of the applied voltage. in the case of voltage fluctuation, the AC programmable source is
programmed to create a voltage and frequency disturbances, where following specifications are used time
variation (Amplitude) and type of variation is modulation.

Table 1. DVR system parameters in simulation Table 2. The performance of Pv
Source voltage fréquence f 50 Hz Vinax 19.7V
Source voltage Vs 7 v RMS Imax 1.83 A
Load resistance RL 50Q Voc 276V
CF (LC filter) 1 nF Isc 2.06 A
LF (LC filter) 24 mH Irradiation 1000 W/m?
Transformer 12V/230V1kVA Temperature 25%¢
dc-bus capacitor C 33000uF
reference vdc voltage vde=75v

Table 3. Sliding mode controller parameters
Al 5000
A2 0.5
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4.1. Voltage sag
Figure 7 shows the voltage sag, voltage injected by the DVR and load voltage. Figure 8 shows the DC
voltage of the PV convertion chain in sag voltage case.
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Figure 7. Voltage Sag, voltage injected and load voltage
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Figure 8. DC voltage of the PV convertion chain in sag voltage case

4.2. Harmonics elimination
Figure 9 shows the harmonic rich voltage, voltage injected by the DVR and load voltage. Figure 10
shows the DC voltage of the PV convertion chain in Harmonic voltage case.
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Figure 9. Harmonic rich voltage, voltage injected and load voltage
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Figure 10. DC voltage of the PV convertion chain in Harmonic voltage case

4.3. Voltage fluctuations

Figure 11 and Figure 12 show the voltage fluctuations, voltage injected by the DVR and load voltage
and DC voltage of the PV convertion chain in Voltage fluctuations case. Figure 13 and Figure 14 show the
FFT of source voltage before and after using DVR-PV.
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Figure 11. Voltage fluctuations, voltage injected by the DVR and load voltage
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Figure 12. DC voltage of the PV convertion chain in Voltage fluctuations case
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Figure 13. The FFT of source voltage befor using Figure 14. The FFT of source voltage after using
DVR-PV DVR-PV

CONCLUSION
In this article, it is proposed to design and simulate a new DVR system powered by a renewable energy

source. The proposed system consists two conventional up-converters for harmonic compensation, sag voltage
and voltage fluctuations to the load. The PV system consists an MPPT algorithm for extracting the maximum
power of the panel. The DVR system was controlled by a sliding mode controller. From the tasks performed
under Matlab simulink, it can be noted that from this simulation that the THD of the source voltage is reduced
from 50% to 2.96% with the DVR-PV. Among the results obtained, renewable energies can be an effective
solution for solving energy quality problems.
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