2%

International Journal of Advances in Engineering and Management (IJJAEM)
Volume 4, Issue 1, Jan 2022 pp: 1057-1073

www.ijaem.net

A Novel Transformerlessdynamic Voltage Restorer
with Improved Power Quality Features

Ms.R.swathi', Mr.T.C. Srinivas Rao?

1Student division of EEE, Vardhaman College of engineering, Hyderabad, India
2Professor, division of EEE, Vardhaman College of engineering, Hyderabad, India

Submission: 18-01-2022

Revised: 28-01-2022

Acceptance: 31-01-2022

ABSTRACT

In this article, a powerful voltage restorer (DVR) is
an efficient and power-efficient gadget. It is used to
develop and produce energy-efficient,
straightforward news. Voltage hole, power outage
and voltage reduction. A powerful electric heater is
used in the circuit breaker. The main advantage of
using flexible controls for flexible and adaptive
power controls in the power supply system is used
to distance itself from these problems. .DVR is
made with AC-AC converter. Power outages and
floods are two important issues of the power supply
environment in a power supply organization, which
can lead to a shortage or lack of computer systems
involved in the power supply framework.
Recording sentences:

DVR, power outlet, droop voltage, positive
voltages, power outages, power quality.

Editing: MATLAB \ Simulink.

. INTRODUCTION:

One of the major problems in this cutting-
edge era of science is the energy age and
dissemination with high force quality.

The force quality may be divided into two
categories: voltage imbalance (voltage list or swell)
and partial or full loss of force in at least one step.
The voltage imbalance occurs as a result of a
lopsided distribution of energy on the heaps'
periods, which may alter at any time throughout a
three-stage structure. Inadequate quality control may
result in a variety of issues, including energy
production losses, equipment failure, disturbance in
communication lines, and so on.In common
coupling, the voltage support at a heap may be
accomplished by injection of receive force at the
heap. Shunt condensers are often installed at the
main terminal of the circulating transformer, which
serves as the primary means of isolating the
transformer's secondary. Mechanical exchange may
occur according to a schedule, with the use of
SCADA  (Supervisory Control and Data

Acquisition) frameworks., with or without a
planning plan of any sort. or any exchange. The
downside is that large numbers of homeless persons
are not able to be rehabilitated. Certain lists are not
updated within mechanical switching devices' time
limitations. Transformer taps may be utilised,
however it is expensive to change the taps under
load. A robust voltage restorer is another powerful
electrical option for voltage control (DVR)The
Dynamic Voltage Recovery is one of the
frameworks that operate by infusing alternating
current voltages with the approaching 3-story
organisation (DVR). DVR's main goal is to enhance
the quality of the voltage via voltage change, wave
shape and stage shift. DVR channel in-mix is
frequently used to improve the nature of the voltage.
A dynamic DVR with a three-stage series
channel that can steer the voltage towards the
optimal level may compensate for the skewed
voltage. The DVR applications to pay voltage
hanging / expanding are mostly used for delicate
cargoes which may be greatly impacted by frame
voltage vacillations.
We utilised MATLAB/SIMULINK simulation in
this research to decrease the voltages of sag and
swell.

1. LITERATURE SURVEY:

A comprehensive study on improving
energy quality shows that the major cause of the
power system may harm or shut off sensitive
equipment in problems of electricity quality such as
voltage drop or voltage swell[1]. This led to the
implementation of energy quality problems that may
be handled via the MATLAB software, using the
Dynamic Voltage restorer (DVR).

In this article, Buck-Boost AC-AC
Converter, which is accessible in DVR, is
introduced. The two brothers, Usman and Ashraf
Khan, who devised the converter, call it a "dual
buck ac-ac converter." A prototype converter using
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300W provides a thorough theoretical and practical
understanding of its potential.

This article suggests a "dynamic voltage
restorer for enhancement in the energy quality” by
Rakeshwari Pal and Dr. Susma Gupta.This article
provides a short overview of DVR setups and their
control structures using MATLAB [3].

This study called the Modelling and
Simulation for the Voltage Reduction by the DVR
(Dynamic Voltage Restaurator) was presented by
Mr Rahul Omer and Mr Nasrudi Abd Rahim. Mr
Rahul Oomer. This article examines the effects of
tension slopes and swells on non-linear charges [4].

The paper "A Review of Custom Power
Devices Compensating Type for Power Quality
improvement” was given by Mr. Yash Pal and
Mr.Swore Bhim Singh. This paper describes the
power of DSTATCOM, DVR and UPQC
[5].M.venmathi and L.Ramesh suggest a study
named "the effect of dynamic voltage restorer on
voltage mitigation."

IETChennai  Sustainable Energy and
Intelligent Systems 3rd International Conference
This article describes how a dynamic voltage
restorer may be modelled, analysed and simulated
using MATLABI6].

"Simulation of dynamic voltage recovery to
minimise voltage drop in 3-phase failure" is the
headline of this article." This was suggested by
Sushma Gupta and Mr. Rajeshwari Pal. This paper
analyses and simulates DVR models for problems of
power quality, voltage sag and voltage drops using
MATLAB [7].

1. POWER QUALITY PROBLEMS

Dynamic and complex systems are
electrical networks and grids. These systems are
frequently susceptible to sudden or abrupt currency
and voltage changes. Most of these variations result
from the fact that they are linked to various kinds of
linear and non-linear loads.. There are also
numerous types of malfunctions in the grid. As
power semiconductors are increasingly used in most
industries and household activities, different
harmonic streams and voltages are polluted with
electric networks. These harmonics influence the
correct functioning of most networked devices and
lead to substantial economic losses. A few ancient
and contemporary cures for harmonic issues were
discovered in the literature. In this chapter, we'll
look at the issue of harmonic distortion, one of the
most often encountered issues with power quality..
Afterward, the various treatments are examined both
modern and traditional.

Definition of Power Quality

For some, "quality of power™ implies being
powerful or potent; for others, it means possessing
impressive capabilities. The IEEE's standards group
(IEEE1100) states that "electronic equipment must
be shielded and grounded in an appropriate way."
The power quality limitation on "sensible electronic
equipment™ may be disputed just as accurate as this
definition appears. If the electrical equipment has
poor power quality, it may be positioned wherever,
as far as we can tell. When electricity comes in
contact with other issues of power quality, all
electrical equipment is at risk of failure or
malfunction.

The issue of power quality is a collection
of power restrictions that enable equipment to
perform as expected while sustaining substantial
output or lifespan loss. Two factors we look for in
an electrical appliance are product life and
performance. Every power-related issue has a
characteristic, which is either power quality or
power distribution.

Power distribution systems must guarantee
that their customers are supplied with continuous
energy at the specified magnitude and frequency at a
smooth sinusoidal voltage. In power systems, there
are nevertheless many nonlinear loads, especially in
distribution systems, that have a significant effect on
the quality of power supply. The sinusoidal
waveform is disturbed by nonlinear stress, which
results in the loss of the smooth waves. To a large
extent, this is a result of the issue with power
quality.

Sources of power quality problems:

Force circulation frameworks in an ideal
world are intended to give its customers continuing
energy progression at smooth sinusoidal tension and
recurrence at the contracted size level; however, in
practical terms, power frameworks, and in particular
the diffusion framework, have different not-linear
burdens that influence the nature of force supply.
Due to nonlinear loads, the waveforms of supplies
are lost. This leads to a number of issues with force
quality.

Although power disturbance effects exist on all
electrical frames, today's high-tech electronic
devices are more sensitive to the type of the power
source. An ongoing problem may lead to
information, transmission of interference, discontent
with gear, etc.

Tension sags, flickers, harmonic distortions,
transitory impulses and interruptions are all
instances of disruptions.

Voltage dip:
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A voltage drop refers to a brief reducevin voltage
lasting smaller than a fraction of a second.

Voltage sag:

Depending on the intensity of the voltage, voltage
spikes may occur at any moment and the range may
be as little as 10% to 90% of a cycle to as much as
one millisecond.

Voltage swell:

Repeated exertion of 0.5 to 1 minute durations may
produce an increase in the voltage that's equivalent
to rm tension or current.

Voltage 'spikes’, "impulses’ or "surges’:

These are conditions for sudden and very brief
voltage rises.. These are terms for abrupt, extremely
short increases in voltage esteem. These are terms
for abrupt, extremely short increases in voltage
esteem. These are terms for abrupt, extremely short
increases in voltage esteem.

Voltage transients:

These are terms for abrupt, extremely short
increases in voltage esteem. These are terms for
abrupt, extremely short increases in voltage esteem.
These are terms for abrupt, extremely short
increases in voltage esteem. These are terms for
abrupt, extremely short increases in voltage esteem.
Harmonics:

The AC electric force conveyance framework's
primary recurrence is 50 Hz. A consonant
recurrence is any sinusoidal recurrence that is not a
critical recurrence. Consonant frequencies may be
even or odd sinusoidal main recurrence products.
Solutions to power quality problems:

The issue of force quality moderation is
dealt with in two ways. The customer or the utility
side should be able to answer the issue of force
quality. The first method is called load moulding
and makes the equipment less susceptible to
disrupting influences, therefore enabling the activity
to be significantly damaged by high voltage.

Supply 00— Load
F 1
ACDC | Ve DC/AC
=T

Secondly, line moulding frames are installed which
mute or balance the uncomfortable impacts of the
force framework. They presently rely on PWM
converters and connect them in series or in parallel
to a low voltage circulation frame or a shunt-based
frame.. The series dynamic force canals should work
in combination with latent shunt channels to
reimburse the current burden. Shunt dynamic power
channels are a controlled source for current, whereas
series of dynamic strength channels are a
controllable source of voltage. The two systems
with dc transport containing a receptive component,
such a condenser, are compatible with PWM
inverters from the voltage source. In any case, line
moulding frameworks or useful side arrangements
will play an important role in the further
development of innate inventory quality with the
rebuilding of the area and the trend towards
appropriate and dispersed age: partly viable and
financially viable measures can be distinguished as
follows:

V. DYNAMIC VOLTAGE RESTORER:
Introduction of DVR:

Drops in voltage are the most serious issues

in strength quality (hangs, increases, consonant... ).
The idea of customs apparatuses was recently
suggested in order to tackle these issues.
Solid state DVRs (DSVRs) are new types of solid
state devices that inject voltage into the voltage
control architecture on the heap side. It is frequently
introduced as a consequence of natural coupling in a
dispersion between the stock and the main feeder
(PCC). In addition to voltage drops and rises, DVR
may also contain additional features such as pay-
per-voltage line voltage noises, reduced voltage
rates for homeless people and poor current
limitations.

él AC/AC

Fig.1.DVR's location
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Fig.2.DVR schematic diagram
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Fig.3.The Principle of Sinusoidal PWM Control Method

Recent development of new control technigques
known as space vector PWM. This approach does
not need a carrier signal in order to establish
switching orders as opposed to the sinusoidal
technique.

A short circuit will occur across the dc connected
power supply if both the inverter switch (T1 and T4,

T2 and T5, T3 and T6) are engaged. Similarly, the
in-line switches of each inverter leg must not be
used at the same time in order to prevent ambiguous
VSI state and therefore undefined ac line voltages. If
they are operated together, then the relevant line
current polarity is uncertain and so the line voltage
may be off target.
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Fig.4.Three-phase Two Levels VVSI Topology

DOI: 10.35629/5252-040110571073 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1060



&

JAEM

International Journal of Advances in Engineering and Management (IJAEM)
= Volume 4, Issue 1, Jan 2022 pp: 1057-1073

www.ijaem.net

Space Vector PWM Control (SVPWM)

The German researchers first pioneered the
space vector modulation method in the 1980s. This
kind of PWM produces better PWM waveforms and
has many benefits over conventional PWM
techniques. The main concept of the SVM technique
is that the inverter is treated as a single unit, while in
contrast the PWM method treats the inverter as two
separate parts. In order to use this method, an
inverter six pulses long is utilised to break down the
reference voltage vector.

SVPWM is frequently used for monitoring
inverters and rectifiers. the DC link voltage, with a
maximum output voltage of 70.7% (as opposed to
61,2 percent of SPWM). In addition, lower voltage
produces a lower total harmonic distortion factor.
Equations related to DVR:

Modulation of an inverter or rectifier may be
accomplished using a wide variety of methods,
including SVTP. A great deal of literature has
delved into SVPWM systems. All modulation
processes are optimised to minimise switching loss,
to utilise the bus more efficiently, and to reduce
harmonics.

Researchers work continuously to enhance
the SAPF monitoring methods, either from the
viewpoint of improving disturbance extraction
techniques, improving dynamic systems, reducing
the THD value,... etc. or developing novel control
methods for improving APF performance under
various non-linear loads. The compensation of
harmonic currents based upon measured current is
mainly based on two methods.

Zline IDVR Vg
| /;\J\ Ioad
Y

‘?s ""load load

@ ‘?SOUNE

Fig.5. DVR equivalent circuit diagram

The impedance of the frame (Z) depends on the degree of failure of the heap transfer. The DVR injects the
VDVR series tension via infusion transformer when the frame voltage (Vth) decreases to maintain optimised
load tensile voltage VL. The infused voltage of the DVR series may be entered

Vpvr =V + Zryl, — Vry

VDVRLO == VLLO + ZTH/_'(B — 9) — VTH‘£5
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«, B, 6 are angles of Vpygr, Zry, Vry respectively and

0= tan‘l(

The complex power injection of the DVR can be wri

6 is Load power angle

BL)
Py

tten as,

Spvr = Vpyrl L*

It requires the injection of only reactive power and the DVR itself is capable of generating the

reactive power.

Operating modes of DVR:

The main ability of the DVR is to provide
a progressively adjusted VDVR Voltage generated
in series with the transport voltage via a sponsoring
transformer by a limited switched converter. In
order, for example, to avoid any impact on the heap
voltage VL of an inhibiting transport fault, transient
amplitudes of three stage voltage injected are
controlled. This implies that differential voltages
produced by transitional disturbance effects in the

air conditioner feeder are offset with the same
voltage generated by the transformer and injected
through a transformer in the medium voltage level.

The DVR has the following three operating modes:

1. Protection mode
2. Standby mode
3. Injection/boost mode.

Sl
\ BYPASS ,
- SWITCHES .
S2 S3
SOURCE SENSITIVE LOAD
\ AN
————  BOOSTER TRANSFORMER

Fig. 6.Mode of Protection (creati

Standby Mode: (VDVR =0)
In backup mode, the transformer's low voltage win

ng another path for current)

ding is shortened.Such activities do not require

semiconductor exchange, and the whole load current passes via the critical elements.
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Fig.7.Mode of Inactivity

V. METHODOLOGY
In order to create and simulate the DVR, we will use MATLAB and its SIMULINK. Figure

Constant

dgof—

| sin_cos

abc_to_dqo
Transformation

»  PI

Freg

Gain Sin_Cos f—m-

3-phase PLL

Fig.8.Block schematic of the planned DVR system

The series dynamic channel is connected by a
three-stage transformer to the series info network
voltage. For the dynamic channel, the
accompanying focuses are utilised. The regulator
identifies the immediate inventory current IS.

It removes the symphony current from the detected
stock current via computerised signal processing.
The VSC's goal is to compel the inverter's output
currents to follow the reference current established
in advance. The basic concept stems from
comparing the filter's current to reference currents
produced by the various filtration techniques. Read
on to find more about different VSC control
techniques in the next section.

With rapid-acting controlled inverters such as
active power filters, the current control technique is
very necessary.. The most often recommended
time-domain control method is the current control

Filter Circuit of a DVR:

o e putses | ieioes |
sin_cos Goto3
dq0_to_abc
Transformation Discrete
PWM Generator
technique for hysteresis. With rapid current

adjustment, excellent accuracy and unconditioned
stability this method provides the system.
Moreover, for current-controlled inverters, this
technique is regarded the optimum choice.

A hysteresis current control control controls the
inverter voltage source for producing the output
current following the reference current waveform.
Figure 5.1 shows the basic design of the hysteresis
controller PWM voltage supply inverter. The
objective of the hysteresis control process is to
keep the regulated current around the desired
reference current within a defined rejoin. The bug
is used to evaluate the switch status. The amount of
current increases as the current rises, until a
specific number is reached. At that point, the
current starts to decrease until the amount of
current reaches a certain amount of decrease.
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Non— Linear Load

Dhistribution System
equivalent circuif

i

Series Active Power Filter

Fig .9. The APF must be connected to a non-linear load in parallel Add an un-linear load in parallel to the Shunt

The dynamic channel uses the same voltage across
the essential transformer. The current of high-value
input acquisition in orchestras has a major effect.
The PWM converter with a resistor is shown in
Figure 5.2 as the dc voltage source of a DVR. The
circuit is IGBT based and is better suitable for the
PWM conversion from voltage sources because an
W se_filter/SE_Filter *

File Edit View Simulation Format Tools

b s T

IGBT-compatible free-running diode is attached.
This indicates that the IGBT must never obstruct
otherwise, enable greater freedom in the design of
gadgets as an exchange of leading disasters with
disaster exchanger, and short capacity than the
IGBT's obstructing converse.

46t

| v

Fig .10. power the DVR system, an IGBT-based power circuit is used.
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Each of the three sets of IGBTs is
connected with a NOT door. The air conditioner
repetition signal is tuned to 50 Hz for this
reenactment. In excellent condition, for each of the
three stages the data voltage is set to 230 Volts rms
and is adjusted afterwards. The terminal voltages,
load supply voltages, and the DVR transmission
voltage are used to calculate the reference load
voltage  voltages.  Pulse-width  modulation
regulators (PWM) are used for both of the
measurement and referred load voltages, together
with the force circuit's IGBTS, to generate IGBT
signals.

VI.  SIMULATION AND RESULTS:
INTRODUCTION

Simulink is a suite of software that may be
used to design, simulate, and analyse dynamic
systems. It is feasible to describe linear and
nonlinear systems in continuous time. a graphical
user interface is provided by Simulink in the form
of block diagrams with click and mouse actions
(GUI. As long as the models are hierarchical, we
may design models using both top-down and
bottom-up methods. First, we may obtain a broad
overview of the system by using the tools provided.
Simulation circuit without novel DVR:

A P

After that, we can double-click on the blocks and
see more and more intricate information about the
model. This approach showcases the model's
structure and how its components interact. The
integration technologies available in the Simulink
menu or the MATLAB command window may be
used to build a model and then its model may be
simulated. The results of the simulation may be seen
using scopes and other display blocks. We may
also modify parameters and see what happens
immediately for the "what if" inquiry.

Once you've run the simulation, you may
either load the results into the MATLAB
workstation, or export the data for post-processing
and visualisation. Real-world dynamic systems
such as circuits, brakes, and shock absorbers may
be studied using Simulink.

The dynamic system may be simulated in
two stages using Simulink. First, we utilise the
model editor of Simulink to create a graphical
display of the emulating system. The model shows
the mathematical links between systems inputs,
statuses and outputs, which rely on time. We then
use Simulink for a specific length of time to imitate
behaviour of the system. Simulink uses the
information in the model to perform the simulation.

ﬂ

Three-Phase Fault

Three-Phase
Series RLC Load

a[E

r—sc

ST

Three-Phase Source —
Three-Phase

V-1 Measurement

o

Three-Phase
Series RLC Load1

oy =4

Three-Phase Breaker

) +ls
Series RLC Load
alc .

Three-Phase Breakerl Universal Bridde T

Fig .11.Without a new DVR, a simulation diagram is shown.

For non straight heaps of diodes, the three-stadium wellspring of 230 V, 50 Hz (R=60, L=15mH) is examined.
Replication was performed with a nonlinear load for an uneven source. The terminal thyristor voltage with an
adjusted source is shown in Figure 6.2. The present heap shown in Fig
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Fig .12. Terminal voltage of three phases
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Fig 13.Terminal current three phase

When voltage has been madified, the voltage of the source in Fig. 6.4 is shown. When you compare Figure you
can see that the controller produces superior load-side results.

DOI: 10.35629/5252-040110571073 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1066



\lﬁi, International Journal of Advances in Engineering and Management (IJAEM)
e Volume 4, Issue 1, Jan 2022 pp: 1057-1073  www.ijaem.net ISSN: 2395-5252

il f T m
4m--’ W\-l‘ HEHE | ll 4’»‘-|ﬂ . \w ISP — ]
i
qm.|.. R .15 I | A S
TRt I BARI...... _
:zh ? - ||~‘|.| 1‘: | II\ i
u I 1§ 19 | 1 I

Fig.14Compensation source voltage

0 ! ! T . ! r

==
——
—_—

e . f;...
=
==
——— :
==
===

100 | I i I ! i
0 0.2 04 06 08 1 12 14

Fig. 15.Current source following compensation
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— Signal to analyz

(@) Display selected signal (7) Display FFT window
Selected signal: 60 cycles. FFT window (in red): 10 cycles
500 1 T T =
0
-500 | L ! | I
0 0.2 0.4 06 0.8 1 1.2
Time (s)
—FFT analysis
Fundamental (50Hz) = 395.8 , THD=18.79%
T T T T T T T T
15+ B

s
[=}
T

|

(4]
T
|

Mag (% of Fundamental)

: . I ! | | ! | ! |
0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig.16.In the absence of DVR, total harmonic distortion

The 3-phase source, 415/440V, 50Hz supply, when used in the linear load to measured output voltage and
output current wave forms shown in above fig's

— when additional load connected between the supply and load. when the time internal between 02-04

— Non-linear loads are connected between the Time interval 0.81

— The L-L-L-G fault occurred, The voltage interruptions occurred in the Time interval (1-1.2)

6.2 simulation circuit with conventional DVR:
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Fig:17.Conventional DVR simulation diagram

800 I i | | i i I i |
0 02 04 06 08B 1 12 14 16 18 2

Fig:18.typical DVR output voltage
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Fig.19.typical DVR output current

— Dynamic voltage restorer connected across the 3-phaseV-l1 measurement and linear loads, when Dvr is

connected

to mitigate the power quality problems. To see the above output voltage and output current wave

forms, There is no voltage sag and swells, only occur starting voltage interrupting occur between the interval
(0-0.2.]. Other wire. There is no power quality problems are instead.

Proposed

DVR simulation circuit:

‘hree-Phase

-
.
Scape
A o
A .
: _
=
Sourca These .
= =

V-1 Measurement

Fre=—s] Three-Shase

Fig :20.Proposed DVR simulation diagram
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—Signal to analyz

@) Display selected signal Display FFT window

Selected signal: 50 cycles. FFT window (in red): 1 cycles

500

0.2 0.3 0.4

1
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Time (s)

06 0.7 08 0.9 1

—FFT analysis

Fundamental (50Hz) = 539.9 , THD=0.27%
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FIG :23.Total projected DVR harmonic distortion

— proposed Dynamic voltage restorer is used to
compensate power quality problems as shown in
above figure output voltage and output current
waveforms

-> The DVR is used to eliminate the total
harmonic. Distortion line better results 50Hz
Frequency, selected Signal 50 cycles The FFT
window in 1| cycle, THD=0:27% shown in fig

VII.  CONCLUSION

This research addresses issues with
strength quality, such as decreases in voltage, rises,
curves and noise. Methods of payment of customs
electronic devices A dynamic channel series and a
real control scheme was used to test DVR. The
utilised controller is able to provide a speedy
reference voltage signal inserted and assessed by
computing load. The findings showed that the
dynamic channel series worked best to reduce
symphonic twisting all around (THD). The findings
of replication suggest a good presentation and have

(PDVR)

been tested on non-straight load with an uneven
source. In the heap terminals, the controller
functioned effectively to adjust for inconsistent
voltage.

This article highlights another less DVR
connector with enhanced strength qualities. If you
are going to conserve energy, minimise accidents,
limit influenza infusion and lower voltage
evaluations, and in particular reduce bundles if
your DVR is used to decrease or further develop
difficulties in terms of electricity quality, you will
not have short-term and open circuit problems. The
proposed DVR was inspected point by point and
the outcomes of the re-enactments were verified.
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