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Abstract: Power quality issues, particularly reactive power and harmonics, are a severe danger to the
safe operation of the power grid as the type and capacity of electricity loads grows. “As a major member
of the FACT, the static synchronous compensator (STATCOM) has been widely used as the state-of-the-
art dynamic shunt compensator for managing reactive power in transmission and distribution. It has
gained a lot of attention in the scientific and engineering fields both at home and abroad due to its great
performance in terms of smooth reactive power control and quick dynamic features. when compared to a
typical synchronous condenser The static var compensator SVC, STATCOM, which has a small size, a
faster speed, and a wide operating range, has a significant performance advantage and can effectively
compensate reactive power, suppress harmonic current, and provide voltage support for transmission
systems, and it will become increasingly popular. This paper introduces application of STATCOM in

>

electric transmission line for various condition”.
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I. INTRODUCTION

“The grid load is unlikely to be a pure resistance load, as the majority of the load is inductive. In many industrial fields
today, the load that might generate reactive current is divided into three categories: Due to the presence of inductive
load, such as transformers and motors, when such a load is granted access to the electricity grid for working, there will
inevitably be a phase mismatch between current and voltage, resulting in a power factor of less than 1. Crystal tube
rectifier bridges and transverters are examples of high-power electrical equipment. STATCOM, which is a major
component of the Flexible AC Transmission system, can be utilised to not only compensate for reactive power, but also
to improve system stability and support key nodes in the voltage transmission system [1]. As a result, STATCOM is a
key development direction for dynamic reactive power compensation devices, with a significant impact on power
quality. Static synchronous compensator (STATCOM) is a controllable reactive power that may adjust the inverter's
voltage and current waveform by power electronic means, emitting or absorbing no power, and suppressing voltage
flicker and voltage drop, as well as improving power quality [2-4]. It is quite important. In practise, the power users of
power quality care that encourages the power quality controlling technology development by incorporating high
technology and complex equipment into national economic production. As the most modern device for reactive power
compensation equipment, the development of STATCOM has been a source of significant concern” [5].

OBJECTIVE

* To analyze the ability of STATCOM to provide fast and dynamic reactive power compensation in power systems.

* To evaluate the effectiveness of STATCOM in maintaining voltage stability under steady-state and transient

conditions.

* To study the performance of STATCOM during different load variations and system disturbances.

* To assess the impact of STATCOM on improving power factor and reducing reactive power demand from the grid.

* To analyze voltage regulation capability of STATCOM at the point of common coupling (PCC)
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* To compare system performance with and without STATCOM in terms of voltage profile and reactive power flow.
* To evaluate the response time and control accuracy of STATCOM controllers.

* To study the harmonic performance and impact of STATCOM on power quality.

* To validate STATCOM performance using simulation results under various operating conditions.

I1. BASIC STRUCTURE OF STATCOM

STATCOM is separated into two types based on the distinct circuits: voltage-bridge circuits and current-bridge circuits.
“Because the rate of a voltage-bridge circuit is higher than that of a current-bridge circuit, voltage-bridge circuits are
frequently used in STATCOM applications [6]. The voltage-bridge circuit is also used in the simulation model. The
STATCOM main circuit is made up of voltage-bridge circuits, as indicated in the diagram, and the structure is made up
of the following parts: Voltage source inverter (VSC), which is made up of high-power electronic switching devices
(GTO or IGBT) and uses pulse width modulation technology (PWM) to control the power electronic switch, reversing
DC voltage of the capacitors into AC voltage with a certain amplitude and frequency; Coupling combined transformer
and reactor, not only has the high power converter. In optimal operating conditions, the device does not absorb active
power, resulting in a pure reactive power exchange between the converter and the system's energy [7-9].
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Fig. 1 Structure for STATCOM
The connection between the inductive and capacitive continual adjustments produces reactive power as shown in fig. 1.
In actual operation, because the converter and connecting the reactor are grid components that lose power, it is
necessary for the grid to provide the necessary active power to compensate for some loss; otherwise, the ministry's DC
side capacitor energy consumption will empty the ministry” [11].

— DC Output

III. FACTS CONTROLLER IN POWER SYSTEM
“Because of their potential to govern power system operations through reactive power control, power quality
enhancement, and control over transmission capabilities, FACTS controllers have become a prominent topic of
research. In [12]-[14], different topologies of FACTS controllers are proposed. FACTS devices are divided into two
categories as a result of technological advancements: One class employs thyristor-based reactor and capacitor
switching. In this initial class of controllers, tap altering transformers are also used. For switching, other types of
controllers use IGBTs, MOSFETs, and GTOs [15]-[16]. Power flow can be manipulated in STATCOM by injecting or
absorbing reactive power. When the voltage at the PCC falls below a particular threshold, STATCOM sends reactive
power to the grid. STATCOM absorbs reactive power when the voltage at the PCC exceeds the required level [17].
STATCOM injects current that is 90 degrees phase shifted by voltage to match capacitive or inductive reactance at the
common coupling point [18]. STATCOM has either a current source converter or a voltage source converter. The [15]
presents various STATCOM control techniques and control algorithms. The Electrical Power Research Institute (EPRI)
identified some major issues with FACTS controllers and proposed potential remedies [16]. Voltage instability issues
may become more dynamic as a result of higher load growth and transmission constraints. STATCOM with Magnetic
Energy Storage System [24] can help to solve these issues as shown in fig. 2. When compared to two-level traditional
converter technology, multilayer technology has many additional advantages, such as larger power rating, reduced total
harmonic distortion, and higher efficiency [25]. The Thyristor and Gate Turn off have a low switching frequency,
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which is an issue for conventional converters (GTO). Multilevel converters solve these issues while also being cost-
effective and providing great performance” [26]-[28].
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Fig.2 Grid connected STATCOM

IV. STATCOM CONTROLLER

“The Hysteresis-band PWM is a type of instantaneous feedback current control in which the real current follows the
command current with a hysteresis band [19-21]. The sine reference current wave of desired amplitude and frequency
is generated by the control circuit and compared to the real phase current wave. The upper switch in the half-bridge is
turned off and the lower switch is turned on when the current exceeds a prescribed hysteresis band. The lower switch is
turned off and the top switch is turned on as the current crosses the lower band limit. At each transition, a lock-out
time(td) is provided to prevent a shoot-through fault. By switching the upper and lower switches back and forth, the
actual current wave is forced to track the sine reference wave inside the hysteresis region” [22]. The inverter effectively
transforms into a current source with peak-to-peak current ripple that can be regulated within the hysteresis band
regardless of Vd fluctuations.

The breadth of the hysteresis band affects the peak-to-peak ripple and switching frequency [23]. Fig. 2 depicts the
proposed hysteresis controller. by infusing the reactive component current into the system, which modulates the
voltage. The reactive current required for power factor adjustment is calculated based on the load current. There are
various large-capacity STATCOM devices in use around the world right now. In 1979, Japan's Mitsubishi Corporation
successfully manufactured the world's first 20Mvar capacity of SVG. After that, static synchronous compensators with
capacities of 10Mvar, 80Mvar, and 1000Mvar were installed. The China Electric Power Research Institute was
established in 2011 with great success. STATCOM, a dynamic reactive power compensation device based on IGBT, is
a novel technology alternative for large-capacity national backbone grid applications [24-27]. These serially
multiplexed transformer devices, which are employed in the main circuit, minimise the voltage method while also
improving the power level.

V. CONCLUSION

“The development of the PWM converter as the primary form is based on the main circuit of STATCOM, which was
viewed as a multiple of the square wave converter as the main form in the early period. To lessen the effect of coupling
voltage, most multi-technology and multilayer PWM converters combine. The purpose of STATCOM compensation,
which compensates for transmission-based systems in the early stages, is to eventually expand to include distribution
systems and all levels of load compensation. A range of advanced control strategies, such as fuzzy control, robust
adaptive control, and artificial neural network control methods, are applied to STATCOM's control techniques in order
to suit all system requirements”.
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