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Abstract: The electrical power systems generate,
transmit, and distribute electrical energy to load
centres in a dependable, cost-effective, and efficient
way. difficulties with the voltage, harmonics, wiring
and grounding, and the load system for switching
capacitors. Harmonics in the power distribution
system are among the voltage sags and swells that are
most severe, and they can be effectively reduced by
using a powerful specialised power device called a
dynamic voltage restorer (DVR). In order to increase
the effectiveness of the PV integrated Distribution
system, this research provides a comparative
assessment of various control mechanisms employed in
DVR.
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I INTRODUCTION

Present days, the dependent world on non-renewable
resources has proven that it is non environmental
friendly, costly and could not sustainable for long
time. Thus, it requires transient change from non-
renewable resources to renewable resources. Among
renewable resources PV and windmill are widely
used. The use of solar photovoltaic (PV) in
integrated system because its free from pollution and
available in different sizes. The PV mainly depend
on irradiance and temperature. It can be arranged in
parallel or series according to the system.[1]. The
block diagram of PV integrated distribution system
is shown in figure 1.

Equipment malfunctions are the result of voltage
and current problems that affect the quality of the
power. The most serious problems with the power
system at both the transmission and distribution
levels are voltage sag and swell. Voltage sag is the
term for the drop in rms value of voltage below the
nominal voltage that lasts for half a cycle to one
minute and ranges from 0.1 to 0.9 pu. short circuit
faults brought on by Voltage sag may result from
insulation  breakdown under extreme load

circumstances. Similar to this, a voltage swell is a
sudden increase in rms voltage above nominal value
that lasts for up to one minute and ranges from 1.1
to 1.8 pu.. Voltage swell can be caused by turning
off heavy loads, energising capacitor banks, and
other factors [2—7]. The incidence of voltage swell
is less common than that of voltage sag.

Custom power devices can be used to solve the
aforementioned issues. In 1995, N.G. Hingorani
proposed the idea of custom Power. Uninterruptible
Power Supply (UPS), Unified Power Quality
Conditioner (UPQC), Unified Power Flow
Controller (UPFC), and Dynamic Volta are a few
examples of the various types of custom power
devices used to improve the quality of the power
supply. Other examples include Synchronous
Compensator (STATCOM), Static Var
Compensator (SVvO), Distribution Static
Synchronous Compensator (DSTATCOM), Battery
Energy  Storage System  (BESS), Surge
Arrester(SA)[8].
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Fig 2. Block Diagram of DVR
We take into account DVR in the aforementioned

custom power devices because it is more effective
and cost-effective. In a 12.47 kV grid in Anderson,
South Carolina, the first DVR was installed in North
America in 1996. DVR is more affordable, has a
larger energy capacity, is more compact, and has the
ability to regulate active power flow. In light of the
aforementioned considerations, DVR is the best
tailored power solution for reducing voltage
sag/swell in PV integrated Distribution System.
Furthermore, it is utilised to safeguard delicate
loads from numerous power quality problems [9].

Fig2.Voltage Sag
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Fig3.Voltage Swell

Dynamic Voltage Restorer (DVR)
A solid-state device called a dynamic voltage

restorer is linked in series with the supply and the
load. In order to regulate voltage at the voltage end,
it injects the missing voltage waveform into the
system. It prevents any power interruption in the
load by regulating the voltage on the load side thus
preventing voltage sag and swell [10-12].

DVR consist of Injection or Booster transformer,
Harmonic filter, Voltage Source converter (VSC),
DC Energy Storage Device and charging circuit,
Control system. The basic principle of DVR is to
injects the voltage waveform from the injection
transformer to compensate voltage sag/swell. The

maximum injection capability of DVR depends on
injection transformer ratio and energy storage device
ratings.

The DVR injection voltage is

given by
VDVR = VLoad + ZIine IloaVsource....l

Where
VL oad = Desired load

voltage
Zline = Line impedance

lload = Load Current
Vsource = System voltage during any Fault

conditions
VDVR =DVR injected Voltage.
I COMPONENTS OF DVR

1.Injection Transformer: Control system will inject
the compensating voltage produced by VSC after
detecting any disruption in the voltage supply .1t will
also isolates VSC and Control system in the
distribution system.

2.Voltage Source Converter: VSC is made up of
storage and switching components that produce
compensating voltage of the necessary magnitude
and phase. During Voltage sag VSC provides the
missing voltage.

3.Harmonic Filter: It keeps the harmonic content
within the allowable range.

4.Storage Device: It is employed to provide the
necessary power to produce compensatory voltage
for the VSC.

5.Control circuit: It continuously monitors the
supply voltage, looks for disturbances, compares
them to the reference value, and produces
compensatory voltage to reduce voltage sag and
swell.

There are three different modes of operation [3].
Standby mode: It runs in the typical manner. The
voltage that the DVR injects in this mode is zero. In
this mode, the injection transformer's secondary
winding shorts out, allowing full load current to flow
through the primary winding.

Protection mode: The current on the load side
exceeds the permitted limit in this mode because of
a high inrush current and a short circuit fault on the
load. As a result, bypass switches will be used to
disconnect the DVR from the system, and a different
path for current flow will be established.
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Injection mode: To correct for any voltage
disturbances, the voltage will be injected in series with
the system in this mode.

Methods of Voltage compensation:

There are mainly three voltage compensation
Techniquesto overcome power quality issues used in
DVR [13-18]:

1.Pre-sag compensation: This technique mainly
used for non-linear loads. This approach returns the
voltage magnitude and phase angle to their pre-sag
values by using DVR to supply the difference
between pre-sag and sag voltage.

2.In-phase compensation: This technique mainly
used for linear loads. In this method, DVR
compensates only for voltage magnitude and that
compensated voltage hasthe same phase as that of
sagged voltage. Hence, the injected voltage by DVR
is minimized.

3.Phase advanced Compensation: It is mostly
utilized to reduce active power infusion from the
DVR. This technique involves injecting the DVR
voltage with a phase advance angle in relation to the
sag voltage.

1l CONTROL STRATEGIES

DVR is a nonlinear system due to the usage of power
electronics devices. Non-linear controllers like
Artificial Neural Network (ANN), Fuzzy Logic
(FL), Hysteresis controller ,PSVT. The ANN
approach can offer increased precision through
interpolation since it has the potential to self-
organize and learn.

1.Artificial Neural Network:

ANN imitates animal brains, where neurons are
interconnected in intricate networks. In an ANN, there
are many nodes that function as neurons. As a node
receives information, it processes it before passing it on
to the next node. Each input is processed via all of the
levels in which the nodes are placed before producing
an output. Firstly,the power quality issues will be
analysed and then the data will be normalized and
randomized arounda point which is chosen. Then by
back propagationit will assigns weights and biases.
With suitable parameters iterations will be done
[19]. The mean Squared Error (MSE) will be
calculated from the output and checks whether it is
below desirable le error value. The iteration will stop
and the weights and biases will be changed before
moving on to the next layer if the MSE is less than
the desired error. In this manner, ANN is able to
precisely compute the sag and swell. By injecting or

removing power from the line that has power quality
difficulties, it can be seen that ANN-based DVR is a

reliable network [16-18].
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Fig 3. Flow chart for ANN controller for DVR
2.Hysteresis voltage controller:
The difference between the two assertions is used by
a voltage controller known as a hysteresis voltage
controller to produce a switching signal. The supply
voltage and the injection transformer, where the
DVR injects the voltage, were the two voltage
signals that were required. When the signals are
compared, an error signal is generated and sent to a
hysteresis switching pattern. There are upper and
lower bands.
If the error signal lies between the upper and lower
band, there is no switching signal. If the error signal
crosses the top band, the switching signal will
become weaker and vice versa [19-21].
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Fig 4. Flow chart for Hysteresis Voltage
Controller for DVR
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3. Fuzzy Based controller:

The foundation of the fuzzy model is a set of
numerical values produced by rules with specified
parameters. Fuzzy based controllers are the most
effective choice if logical operators need to be able
to make judgement calls. Data parameter and rule
define parameter are its two dependent variables.
These variables are determined by capability. Here,
an automatic search is built to order a certain control
depending on sagging voltage at the supply point.
RMS voltage values are used as input data for the
fuzzy control, which uses fuzzy parameters to
express them. RMS voltage values are crucial to the
fuzzy control because they are used to determine the
voltage sagging threshold. The threshold values for
the output signal based on the fuzzy specified
parameter were determined. For necessary control,
output signals may operate on an ON/OFF signal.
When the output signal is communicated to the main
control, voltage sag will be corrected [22].
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Inpur——%  Fuzzifier Defuzzifier output

Rules Inference

Fig.5 Flowchart for Fuzzy based controller

4.Novel Control theory:

This method generates control pulses for the DVR.
This approach senses the system's line voltage and
divides it into three phases: Va, Vb, and V..
Equations are given for the three error signals Ve,
Ve, and Ve from each phase to the PWM
generator:

Vae =( Vimaxrefa — Sqrt(Va 2 -V 2 ))sin(ot-0°) ...... 2
Ve :( Vmaxrefb — Sqrt(va 2 'VB 2 ))sin(cot-120°). .3
Vee =( Vimaxretc — SQrt(Va 2 -V 2 ))sin(ot-240°).....4
In this control technique, it prevents complicated
problematic calculations and the control technique
will be simplified. From source voltage, the phase
voltage data is obtained and each phase voltage is
squared and added to a delay [23]. The resulting
signal is square-rooted to produce a resultant signal
with the greatest value, which is then compared to a
reference value of 1 p.u. The resultant signal, which
serves as the reference for the initial phase that was
divided, is processed in a phase-locked loop. As a
result, this is repeated for any further two phases
with a phase difference of 120 degrees. The PWM
generator is then used to process the three phase

error signals and create control pulses for the DVR's
power switches.

5. Predictive Space Vector Transformation (PSVT)
When compared to other controllers based on DVR,
VSC generates reactive power that must be adjusted
for using a feedback control loop. The other
controllers based on DVR are able to handle voltage
difficulties. To resolve this problem The distribution
system uses a PSVT-based DVR.

PSVT analyses the fluctuation in power on the
distribution side and generates the appropriate
feedback control. PSVT DVR PSVT with PR
controller is utilised here. Predictive current control
is a technique used in PR controller. The input
current is directly controlled by the PR controller at
the time of voltage injection to the grid. PSVT has a
closed-loop system that gives the inverter the right
feedback signal. This inverter produces a phase sine
wave that is in phase with the supply voltage. To
compensate for unbalanced and nonlinear loads with
significant gains, the controller generates a high
order harmonic [23].

Table.1 DVR Control strategies

SL Control Conculsion
No | strategy
1 ArtificialNeural | Algorithms are quick and effective.
Network(ANN) | It is capable of reducing THD to the
greatest extent. It is commonly used
because of its precision..
2 Hysteresis Hysteresis controllers can be used to
Voltage control | reduce the three-phase system's fault
situation. The voltage quality is
improved by adjusting THD since it
is the best controller for voltage
compensation in defective
conditions.
3 Fuzzy Based The fuzzy logic control is best in
controller compensating  the  performance
compared to traditional PI controller.
It is effective in damping system
oscillations.  Transformerless-DVR
compensating  performance s
enhanced.
4 Novel Trigonometric function isreduced.
Control It is less complexity compared to
Theory SRF sincemathematical equations
used is less. It does not use
transformation block. The line
voltage is divided into three phases,
and the PWM generator receives
their error signals.
5 Predictive The PWM of the inverter is adjusted
Space using the PSVT controller.
vector to create the proper reactive power
Transfor and maintain the power quality
mation using the DVR offset. At the time of
(PSVT) reactive adjustment to the grid, it
reduces THD to 1.06% and
compensates for voltage sag and
swell.
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IV CONCLUSION

In this paper a review about the power quality issues
likevoltage sag and swell is discussed. Different
control techniques employed in DVR to mitigate
voltage sag andvoltage swell is discussed. PSVT is
best control technique for reducing THD to 1.06%
compared to othertechnique. Fuzzy logic can give a
reduced THD and it can also be considered. ANN is
the best in reduced energy consumption, fast
response. The THD will be 2.83% in ANN based
DVR.It requires some time to feedthe data to the
ANN, but the drawback can be overcomeby using
GPUs. With this in mind, voltage sag and voltage
swell in the PV integrated distribution system can
be reduced using PSVT and ANN-based DVR.
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