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Abstract— Power system instability is caused by an unexpectedly high amount of electric power transfer over long distances in an
infinite direction while satisfying different operational requirements. Devices known as Flexible AC Transmission System (FACTS)
have drawn a lot of attention because they can stabilize the power system by adjusting the line voltage and compensating for reactive
power lost as a result of imbalanced loads. Therefore, the planning of reactive power management and enhancement of voltage stability
are aided by the power system analysis using FACTS devices. The performance of a conventional IEEE-14 Bus system with an
optimally positioned Static Synchronous Compensator (STATCOM) based on a 2-level Voltage Source Converter (VSC) and a 3-
level Diode-Clamped Multilevel Converter (DCMC) has been assessed by the authors in this study. In order to produce a smooth ride-
through output voltage, the switching performance of 2-level and 3-level converters is tested using space vector pulse width
modulation (SVPWM), an effective control approach. Additionally, a comparison of simulation results is presented between the
voltage stability maintenance capabilities of 2-level and 3-level STATCOM under various linear and nonlinear loads. A simulation
conducted in the MATLAB/SIMULINK environment verifies the findings of the investigation on compensating strategies.
Keywords—FACTS devices; STATCOM; voltage source converter; multilevel converter; Fuzzy logic controller; power system
stability; Power quality.

I.INTRODUCTION

The demand for electricity has grown in recent years, placing more strain on the power grid. Power system operation is growing less
secure and more complicated. In the deregulated electricity market, this power system security issue has grown to be a significant
worry. Controllers for the Flexible AC Transmission System (FACTS) are intended to boost power transmission limits and enhance
the functionality of the fragile electric grid. FACTS devices are used to control voltage magnitude and to compensate for both active
and reactive power [1]-[3]. The reactive power level of the line is the primary determinant of voltage stability. Reactive power
determines the line's maximum loading capability. Using FACTS devices has the following benefits [4]:

i)  Better control

ii)  Response time is faster

iii) Reliable and flexible control

iv)  Reduced the stress and losses in the system

As seen in Fig. 1, FACTS devices are divided into three groups. A shunt-connected device called a static variable compensator
(STATCOM) produces inductive or capacitive current regardless of the system voltage. A shunt-connected device called a static
variable compensator (SVC) produces or absorbs reactive power. PCC voltage is controlled using SVC. On transmission lines that

are lightly loaded, thyristor switched reactors (TSR) and thyristor-controlled reactors (TCR) are employed to keep the voltage rise
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within predetermined bounds. A power capacitor is linked in series with the thyristor switch in a thyristor witched capacitor (TSC).
Reactive power is provided in the steps [5] [6] by TSC. Series regulators could be capacitor, variable impedance, reactor, and so forth.,
or a variable source of sub-synchronous and main frequencies based on power electronics. In order to inject voltage in series with the
transmission line, series controllers are utilized. When injected voltage and line current are in phase quadrature, the controller either
supplies or consumes the variable reactive power. Static simultaneous series compensator (SSSC) doesn't need an outside electric
hotspot for pay. The SSSC's output voltage can be controlled and does not depend on the line current. Depending on the voltage level
at PCC, it either supplies or absorbs the reactive power. Thyristor controlled series capacitor (TCSC), Interline power stream regulator
(IPFC), Thyristor exchanged series capacitor (TSSC), Thyristor exchanged series reactor (TSSR) and Thyristor controlled series
reactor (TCSR) are the gadgets utilized for controlling the voltage in the line by infusing or retaining the responsive power. A FACTS
device known as a thyristor controlled voltage limiter (TCVL) has a thyristor switched metal-oxide varistor that is used to limit voltage
across its terminals during transient conditions. A TCVR, or thyristor-controlled voltage regulator, is used to provide the variable
voltage. A thyristor is used to control a transformer in TCVR to produce variable output voltage. The electrical power system never
stays in one place. Stability is disrupted when unwelcome disturbances occur. The effects of STATCOM on the power system's stability
are examined in this paper. STATCOM plays a significant role in reactive power compensation, which is necessary to control the
voltage through compensation of reactive power in order to maintain synchronous stability. The electrical power framework can never
stay in stable situation for extremely prolonged stretch of time. Stability is disrupted when unwelcome disturbances occur. Controlling
the voltage through compensation of reactive power is required to maintain the stability of the synchronous machine. Devices like
STATCOM play a significant role in the reactive power compensation process. The voltage level must be maintained for active power
flow in the line. Responsive power remuneration is utilized to keep up with voltage inside limit. Receptive power is provided by
capacitors, as capacitor stores energy as electrostatic field. For a predetermined amount of time after the capacitor is connected to the
circuit, it creates a full voltage difference. Subsequently, capacitor voltage is continuously changing and goes against the adjustment
of voltage, in this manner voltage falls behind the current.

Figure 1 depicts a standard IEEE-14 bus system integrated with a 138KV 100-MVA STATCOM based on a 2-level VSC and 3-level
DCMC. The performance evaluation of this system is tested and analyzed in this paper. The optimal location of STATCOM in the
IEEE 14 bus system is bus number 14 [15], [16], and [17] in light of the constraints of cost effectiveness and loss sensitivity. With the
Simpower systems toolbox for 2-Level VSC and 3-Level DCMC adapted as STATCOM, the SVPWM switching strategy is
implemented in the MATLAB/SIMULINK environment. In addition, the dynamic performance of a 2-level VSC and a 3-level DCMC-

based STATCOM in maintaining voltage stability under various linear and non-linear load conditions are compared.
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Fig. 1: Classification of FACTs devices
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Reasons for the reactive power compensation are [4]

i) Increase system stability.

ii)  Voltage regulation.

iii)  Reduction of losses associated with the system.

These issues are lessened by reactive power compensation, which also improves the transient response. For reactive power
compensation, a variety of FACTs devices are utilized. The STATCOM family includes controllers. Reactive power can be generated
or taken in by it. It is a solid-state switching device that produces reactive power to meet PCC's reactive power requirements.

In this paper a 2-level, 12-beat voltage source converter (VSC) is considered for STATCOM design with type 2 regulator.

e  Thesort 2 regulator directs the responsive current result of STATCOM by changing the stage point of the converter yield voltage
comparative with the transport voltage.

e  When operating in inductive mode, the P1 controller-based reactive power control with feed back (from the reactive current) has
the potential to destabilize the system. A three-level, 18-pulse voltage source converter (VSC) is considered for a STATCOM

configuration with a type three controller.

Wind Induction IEEE 5 BUS
Generation Generator System Grid System
Fault
STATCOM 12
PULSEAND 18
PULSE

Figure 2 block diagram of proposed work
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Figure 3 IEEE 5 BUS MATLAB Simulink\
Figure 3 shows the IEEE 5 bus system with hybrid model of wind system attached with BUS 2. This model is the main part of this
paper, STATCOM is applied in this model. 3 Level And 2 Level STATCOM is connected into this model.
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Figure 4 MATLAB simulation model of 2 level STATCOM

Figure 4 shows the 2 level STATCOM. 12 MOSFET is connected with the bridge of 6 MOSFET each . 2 bridges is simulated gate

pulse is given to each thyristor with the angle of 60 deegree.
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Figure 5 MATLAB simulation model of 3 level STATCOM
Figure 5 shows the 3 level STATCOM. 12 MOSFET is connected with the bridge of 6 MOSFET each . 2 bridges is simulated gate
pulse is given to each thyristor with the angle of 30 degree.
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Figure 6:-Grid Source voltage waveform at LG condition with statcom
Figure 6 shows the waveform of BUS with the LG fault having little sag during the fault time. 2 level provide some sag in the

voltage magnitude. Fault time is 0.1 to 0.15 sec at that time STATCOM is applied with the breaker act as a switch.
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Case 2:- 18 pulse
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Figure 7:-Grid voltage and current waveform at LG fault condition with STATCOM
Figure 7 shows the waveform of BUS with the LG fault having little sag during the fault time. 3 level provide
compensation the voltage magnitude. Fault time is 0.2 to 0.3 sec at that time STATCOM is applied with the

breaker act as a switch.
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Figure 8 power display of LG FAULT ieee 5 bus condition
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Figure 9 Waveform of 12 pulse

[JNRD2406483 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 6 June 2024| ISSN: 2456-4184 | [[NRD.ORG

Figure 10 waveform of 18 pulse

Figure 9 and figure 10 show the waveform of 12 and 18 pulse , in figure 9 from 0.2 sec to 0.4 sec 11 pulse is get and in figure 10
from 0.165 to 0.175 18 pulse is seen.
CONCLUSION

* A 2-Level inverter controls the voltage waveform of the converter output with 2 electric potentials while a 3-level inverter controls
it with 3 electric potentials.

* As the 3-level converter creates an output waveform closer to a sinusoidal curve, a reduction of LC filter size and switching loss is
expected.

» With harmonic distortion becoming more of a problem every day, folks are looking for cost-effective From the result shown 18 pulse
means of harmonic mitigation. 18 pulse statcom work with less THD than 12 pulse
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