SHODH SANGAM -- A RKDF University Journal of Science and Engineering

A survey on the Impact of solar controllers on power system

Anrudha Kumar Singh?, Priyanka Maheshwari?,Dr. Sanjay Jain®
M.Tech (Electrical Power System) Scholar, RKDF University Bhopal, India!
Assistant Professor, Department of Electrical Engineering, RKDF University Bhopal, India®
Head of Department, Department of Electrical Engineering, RKDF University Bhopal, India®
anrudhasinghsee@gmail.com?,priyankabits4@gmail.com? jain.san12@gmail.com?

Abstract -In order to understand the effects of various
SOLAR devices and their application for various
situations in power systems, this study examines
SOLAR contraptions from various historical periods.
To understand course of action, shunt topologies, and
unified topologies, a clear survey on compensation
schemes is also conducted. This helps to understand
the different approaches used by SOLAR controller in
power structure. DSOLAR devices have advanced,
and their study is complete.
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I. INTRODUCTION

Control requests are growing at the now, but power
framework requirements restrict their era and usage.
As a result, certain transmission lines become heavily
loaded, and the stability of the power system becomes
one of its most promising features. One of the
promising controllers and compensators for power
frameworks are adaptable AC transmission
frameworks (SOLAR) controllers [14]. This paper
takes a fast look at reality devices and their journey
from the l-era to the cutting-edge D-SOLAR
controller. The concept of layout and shunt
compensators has been updated since SOLAR
devices are compensators. This paper looked at and
tested the impact of force framework strength using
SOLAR controllers. Series and shunt compensators
are also changed since SOLAR devices are
compensators.

I1. COMPENSATION METHOD

There are two primary categories of compensation
strategies for the power system's parameters:

A. Shunt compensation

Shunt compensation is utilised for reactive voltage
drop compensation in the line
(transmission/distribution) as well as to increase or
improve power-transfer capability[16].

To enhance the voltage profile, shunt compensation is
mostly used at the midpoint of the transmission line,
also known as mid-point compensation, or at the end.

Control stream and transmission voltage are managed
by various power-hardware based controllers, which
also reduce dynamic disturbing affects [16]. In the
present, force-containment stream controllers are
mostly switching from mechanical to electrical use.
Previously, mechanical switches were used to
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providing power quality incrementation of the line
power.
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Fig.1 Shunt compensator located in power systems

B. Series Compensation

To boost the power lines' maximum capacity for
transmission, series compensation is applied to the
wires.
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Fig.2 Series Controller Location In Power Systems.

By providing the arrangement compensators that
kill the counter reactance influence in the existing
framework, pay decreases the line reactance of Power
Transmission Line, making net line voltage drop less
susceptible to line stacking condition of force
framework [16]. Topologies, also known as combined
compensation  approaches, were created by
combining series and shunt compensation.

Fig.3 Synchronous Voltage Source in Series With The
Line

I1l1. SOLAR DEVICES AN OVER VIEW

The Electric Power Research Institute (EPRI)
developed the Flexible AC Transmission Systems
(SOLAR) concept in the late 1980s.
connect electrical cables to reactors, but these days,
they are used to control electronic-based exchanging
devices. Thyristor, GTO, IGBT, and MCT are power
hardware components that make up the SOLAR
controller for managing power stream. Depending on
the stages of development, SOLAR is divided into
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eras of devices that include game-plan organisation
and shunt examples. Due to modernisation, one plan
is no longer totally suitable for payment, hence
Distributed (DSOLAR) are emerging from their
earlier forms.

A. First Generation of SOLAR Devices.

Original SOLAR devices, which had mechanical
controls that were later changed to electrical ones and
enabled similarities to more advanced controls, were
the impetus for the development of the mechatronics
concept. Inextricably, these devices maintained their
tenet of not using electrical cables by their distinctive
behaviours involving the injection and consumption
of reactive power. By being in location and using the
stream of force framework, they alter its impedance.

1. Static VAR Compensators (SVC)

SVCs are shunt-related SOLAR devices for
controlling the flow of power in a system; they can be
reactors, capacitor banks, or a combination of the two,
depending on the system's needs [14]. These
compensators discourage slacking off or driving.
Reactive power from the lines, which is why they
direct voltage, improves the dynamic and stability of
the constant state of the framework. These are also
known as Static VAR Switches since they act as
representations for exchanging VAR control
concepts.

SVC
TICR | | TSR || TSC

2. Thyristor Controlled Series Capacitor
(TCSC).

a) These quickly and methodically persuaded
people to adopt the TCSC's defined roar ways
of operation.

b) Thyristor Mode was passed by.

c) disable the thyristor mode.

Because of changes in exchanging technology, it is
now possible to manage the capacitance in the
arrangement bank of the TCSC [14] due to
improvements in cutting-edge control devices like
GTO, IGBT, IGCT, MTO, and Power Transistors
with improved assessments of Thyristor's as well.
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d) Thyristor mode that conducts partially;
capacitive vernier.

e) Thyristor mode that conducts partially;
inductive vernier.
Due to abave three modes of operation of operation
utilizing efficient switching technology of modern

semiconductor technology we get two variants of
TCSC as

Thyristor Controlled Series Capacitors (TCSC).

These provide smooth and continuous control over
capacitive and inductive reactance.

Thyristor Switched Series Capacitor (TSSC).
These provide discrete control over the capacitive
reactance, TSSC are more commonly employed.

3. Thyristor controlled phase shifters
We obtain two variations of the TCSC as a result of
the aforementioned three modes of operation that use
effective switching technology of contemporary
semiconductor technology.

Series Capacitors With Thyristor Control (TCSC).

Capacitive and inductive reactance may be smoothly
and continuously controlled using these.

Series Capacitor Switched by a Thyristor (TSSC).

TSSC are used more often because they offer
discrete control over capacitive reactance.
B. Second Generation SOLAR Devices

Next generation SOLAR devices are termed as Il
generation due to advancement in
powersemiconductor devices which are used in
SOLAR devices mainly such as Power Transistors,
IGBT, IGCT, MCT, use of these advanced power
electronics devices increase power rating of the
equipment’s and also improve their performance.

1. Static Synchronous Compensators (SSC or
STATCOM)

STATCOM is shunt compensator connected in shunt
to the line thus introducing current vector control of
the system. STATCOM are of two types.

*  Voltage sourced STATCOM.
e Current sourced STATCOM.

While in the latter, inductors/reactors are utilised as
energy storage components, which are primarily
current modulation systems and are referred to be
current sourced, the former uses capacitors as energy
storing system components and therefore acts as a
voltage source since it stores potential charge.
Although the former is utilised primarily for

economic and design reasons
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impact on feasibility. The reactive power of the
system can be produced and absorbed via
STATCOM[14]. As it offers dynamic voltage
management, power oscillation damping, transient
stability, and acts as an active filter to absorb system
harmonics, STATCOM enhances system
performance.

2. Static Synchronous Series Compensator
(SSSC)

The SSSC is an arrangement-related device that uses
a coupling transformer in order to manage line
voltage and alter line impedance. Thanks to the power
hardware controllers, it is also able to offer stage
movement in relation to line current[13]. In a
transmission structure, SSSC is capable of trading
both real and responsive power. Real Power will be
handled if the infused voltage is in phase with the line
current, whereas Reactive Power will be managed if
the infused voltage is in quadrature with the line
current.

Because it can manage line reactance and also line
resistance in accordance with power swings, SSSC is
a better alternative to TCSC due to its distinctive
behavioural traits. These provide enhanced control
capabilities by

3. Unified Power Flow Controller (UPFC)

UPFC is consolidated power stream controlling
gadget having both arrangement and shunt part,
because of this conduct UPFC ready to control line
impedance, line voltage, and power edge each of the
three parameters of force framework which are
fundamental to course the stream of force in the
framework networks[15].

Because of extensive variety of controllability these
gadget are having dynamic conduct over the
transmission framework parameters. UPFC s
equipped for controlling directional stream of force in
the framework. It improve the power exchange ability
of transmission line to be inside warm stacking
breaking points of the transmission framework.

C. Distributed Flexible AC Transmission Systems
(DSOLAR) Devices

In a cutting-edge control system, the system's
interconnections are a common wonder, however in
the present day and age, the conveyed era is also a
component of the system, increasing the complexity
of force and direction control.

Due to the deregulated structure and connectivity of
the electrical grid, distributed solar energy
(DSOLAR) is currently becoming more and more
popular. Due to better controlling ability and wider
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in a new encapsulated format which is efficient for the
requirement of the power system at the place where it
is required.
1. Distributed Static Series Compensator
(DSSC)

DSSC is new generation DSOLAR device derived

from the parent SSSC (or S3C) controller. DSSC is

Distributed device as opposed to one that is partly
located in a frame [8]. This transmission line has
superior control over framework reaction change due
to the distributed portions along the line rather than
halfway through compensation control. To distribute
the static device that is installed at the optimal
location along the line, a single turn transformer is
used in the DSSC as an arrangement component.

2. Distributed Power Flow Controller (DPFC)

The main difference between DPFC and UPFC,
outside the distributed capacitor and central control
capabilities that DPFC offers[3], is that UPFC has a
fixed capacitor, whereas DPFC has a distributed
capacitor. It is able to adjust the transmission line
voltage, impedance, and angle because of its
distinctive behaviour. The advantages of DPFC over
UPFC include the need for series converters with low
power ratings, which may also be single phase
converters, insulation level since the voltage is lower
than that of a three phase converter in a single phase
converter, which increases reliability, and cost
savings

operating range of there characteristic DSOLAR[9]
are future as they accomplish the different present and
past technology
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Fig. 4 Distributed Power Flow Controllers

DPFC is a member of the family of SOLAR's
combined power flow controllers with a wide range
of control capabilities. It has both a shunt controller
and a series controller; the former is distributed along
the line, while the latter is found at the end of the
transmission line and serves as an active high pass
filter.harmonics are removed using a filter.

1V. IssUES RELATED TO SOLAR INSTALLATION

The choice of area and input signals of SOLAR-based
stabilisers must be decided for the controllers to
function properly. However, the ability of the
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controller to operate in various force framework
working situations is a crucial factor to consider.
Additionally, it is a problem to coordinate different
power framework stabilisers.

« stay away from the signs. Additionally,
performance analysis is a crucial factor that
influences the choosing of a certain SOLAR
device. The framework by SOLAR requires that
receptive power pay be investigated. A strong
and wise decision must be made since
uncertainties have a significant influence on the
framework compensation [15].

* Reactive power correction for a power
transmission line by SOLAR resulted in:

e increase in transmission capacity, provision of
allowable line loads, and influence to operate
within the boundaries of the criteria

»  to maintain the transmission line's voltage profile
within acceptable bounds. These resulted in the
cost-factor for line-insulation being optimised.

* Reactive power compensators, also known as
controlled compensators, are used to increase

system  reactivity depending on their
characteristics  (Steady  state,  Dynamic,
Transient).

*  They serve as power oscillation dampers.

B. Controller Design issues for SOLAR devices.

In modern deregulated power systems, DSOLAR
devices providing following assistance  for
enhancement of power system stability.

» Balanced power flow control over wide range of
operating condition including contingencies of

power system, this led to utilization of power system

efficiently.

« Balancing flow of power in parallel networks
operating at different voltages.

»  Diminishing inter area power oscillations.

*  Suppuration of Sub Synchronous Resonance
(SSR).

* Avoid the construction of new transmission
facilities by enhancement of power transfer
capabilities of existing corridors of power
systems.

*  Controllers for DSOLAR device are designed on
the basis of intelligent adaptive digital controllers
based technique, with response capable for wide
area.

Controller should not be designed for high level of
damping, as it is not supportive way of designing for
wide area system control.

V. SOLAR DEVICES AND ITS IMPACTS

The influence of SOLAR devices on the power
system and other stability and performance-related
concerns are taken into account in the table below.
Discussions about issues and their elimination let
people make rapid evaluations during unexpected
interruptions and identify solutions right away.
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Type of SOLAR controller for different purposes are
also listed which helps in selection of device during
designing of compensating devices.

V1. CONCLUSIONS

In the research mentioned above, it is argued that
modern SOLAR devices are superior to controllers
from earlier eras. The reality device offers a wide
range of force framework parameter controls to the
force stream in transmission and circulation
frameworks of current frameworks, and this paper
research also provides a complete overview of the
SOLAR devices and technology. With coupled
topological adaption and a mutation from UPFC-
DPFC, the DPFC, a new member of the SOLAR
controller family, has proven to be superior to existing
SOLAR controllers. It is dependable owing to its
dispersed nature and is also reasonably priced.
Modern Power line compensating techniques will
soon be required by DPFC. The SOLAR controller's
implementation of several compensation topologies
led to the enhancement of numerous controllers.
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