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ABSTRACT

This research introduces two control strategies for the static synchronous compensator (STATCOM) that enable
adaptive voltage regulation and effective d-q axis control. The complete description of both of these control strategies
is provided. The Static Synchronous Compensator (STATCOM) is a method that is both effective and reliable in order to
maintain the reliability and efficiency of the power system. The Pl controller has the capacity to modify the following
variables: grid voltage, current, reactive power, and the stable DC link voltage of the DC link capacitor, as previously
mentioned. The models are executed using the MATLAB/SIMULINK application. The STATCOM's efficiency is examined
in both conventional and high-power network environments. The STATCOM's successful implementation of the
selected controller in maintaining the stability of the power system within the network architecture has been
demonstrated by the findings. This was achieved by effectively managing the reactive power and bus voltages.
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1.INTRODUCTION

Access to energy is indispensable for the expansion of a nation's commerce. The transmission networks that
are currently in existence will soon fail due to the ongoing industrialization of the electrical system. As a result,
it is imperative to create a distinctive transmission mechanism. The ongoing installation of new transmission
lines, which are essential for the removal of overhead cables and the deployment of effective temporary
security measures, is becoming increasingly challenging due to the interconnection of politics, the
environment, and business.

The objective of this project was to improve the reliability of the electrical grid through the integration of
Flexible Alternating Current Transmission System (FACTS) devices. The STATCOM device was chosen as a FACTS
device due to its ability to rapidly adjust and rectify both leading and lagging VAR. The architecture of this
STATCOM is distinguished by the use of a stacked voltage source inverter. In order to modulate the operation
of the switching devices, each Voltage Source Inverter (VSI) employs sinusoidal pulse width modulation
(SPWM).

The most effective modulation technique for static synchronous compensators (STATCOMs) was developed by
utilizing a cascaded architecture that included multiple inverters. A significant quantity of research has been
conducted on space vector theory, which was a critical element in the operation of the STATCOM model. This
method enables the conversion of voltage equations into frames that are based on the DQ-axis. We have
developed a groundbreaking approach that functions as a fundamental 24-pulse, 2-level 100MVAR STATCOM
that modifies frequencies for high-power applications. A novel approach to the implementation of a
Distribution Static Synchronous Compensator, or D-STATCOM, has been suggested in order to achieve the
necessary voltage. A Voltage Source Converter (VSC) component is necessary for the system to operate
effectively. One paper employed adaptive proportional-integral (Pl) control to illustrate the automatic
modification of control gains in response to interruptions. In other words, performance is consistently
accomplished irrespective of the modifications made to the process.
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Different control strategies were employed to investigate the efficacy of reactive power adjustment in a 33kV
grid with the inclusion of a STATCOM, as opposed to those that have been employed thus far. There are those
who advocate for the use of a fuzzy self-tuning Pl controller in a STATCOM architecture for the purpose of

voltage management. The results of this investigation demonstrate a novel method for improving the stability
of electrical systems. The primary goal of this project is to create MATLAB/SIMULINK STATCOM devices that

will be used to verify the stability of networks. The STATCOM's actions were documented immediately

following the electrical system network's failure.

2.METHODOLOGY

Figure 1 illustrates the comprehensive task plan. MATLAB/SIMULINK is employed to create the initial iteration
of the power network. | will then conduct an analysis of the system's overall power, voltage, and current. Two
distinct STATCOM methodologies are examined in the subsequent section. The stability of the system can be
determined by comparing the recorded values of V and Q to the reference figures. The exercise will conclude

once a stable condition has been achieved. If this is not the case, the Pl controller's gains must be adjusted.
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Fig.1 A graphical illustration of the procedures involved in developing STATCOM control mechanisms.

3.IMPLEMENTATION OF STATCOM

MATLAB/SIMULINK was employed to develop the STATCOM model that was recommended. During the

construction phase, Figure 2 illustrates the building as a block plan. The DC link capacitor (VSI) is powered by a
transformer that is responsible for supplying voltage. In order to establish a connection between these two
components and the power line, an LC filter and a transformer are employed. The diode is coupled to the six
insulated gate bipolar transistor (IGBT) switches that are contained within the VSI, which prevents parallelism.
Each phase is equipped with a low-pass AC filter to mitigate the noise currents generated by the switching

process.
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Fig.2. It demonstrates how the electrical connections of the Static Synchronous Compensator (STATCOM) in
this paper work.

4.STATCOM CONTROL STRATEY

Adaptive Pl Voltage Control-

The operating voltage of the bus is simulated by a STATCOM that utilizes adaptive Pl voltage management. The
STATCOM controller is an autonomous component of the MATLAB modeling application. The term "PI
calculator" is frequently employed to refer to this specific piece of apparatus. A block design of the flexible
proportional-integral (Pl) voltage controller that is employed by the STATCOM system is illustrated in Figure 3.
The DC link voltage (Vdc) that was detected is subtracted from the reference standard voltage (Vdc reference)
to ascertain the bus voltage. The output of the specific method is Vdc_error.

A proportional-integral (PI) controller is accountable for acquiring information regarding the error that was
previously mentioned. The value obtained as a result of remeasuring the voltage at the transmission end is
Vs_measured. Compute the difference between Vs_measured and Vs_reference, and then subtract the result
to ascertain the difference between this quantity and the voltage at the other end (Vs_reference). Per unit
(PU) values are employed to convey the quantities that are specified. The bogus signal that was previously
transmitted was received by a distinct proportional-integral (PI) device. The outputs of the two Pl processors
are employed in the calculation process to ascertain the orthogonal components Vq and Vd. Two outputs are
produced by controllers that implement the PI algorithm. The magnitude and angle inputs are utilized by the
Sinusoidal Pulse Width Modulation (SPWM) approach to ensure correct operation. Figure 4 illustrates the
Sinusoidal Pulse Width Modulation (SPWM) technique's utilization in the generation of gate signals for
Insulated Gate Bipolar Transistors (IGBTSs).

A waveform that is triangular in shape and has a single frequency and intensity unit is used to represent the
modulating signals, which are located on the opposite side of the carrier wave. The following methods are
employed to obtain the phase angle and magnitude (Vmag) of the sine wave for the Sinusoidal Pulse Width
Modulation (SPWM) approach.

l‘:n:u.' = \1'“1: t 1-':;\ “]
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Angle and Vmag are employed to identify the reference signals. The waveform of this signal is reminiscent of a
triangle. The signal that is being transmitted operates at a frequency of five kilohertz. The current circuit
section is responsible for initiating the operation of the Insulated Gate Bipolar Transistors (IGBTs) in the
inverter.
D-Q Axis Current control-
FIGURE 3 illustrates the DQ axis control mechanism that was implemented to replicate the control system
currently in use by STATCOM. The primary goal of this modeling is to ensure that reactive power is managed
appropriately within the context of the power system network. The controller is designed and developed in a
comparable manner using MATLAB/SIMULINK. STATCOM is divided into two distinct components. It is crucial
to recognize that the transit voltage is in phase and quadrature with the second component. The Pl controllers
are responsible for calculating the values that are subtracted from the shunt currents (D and Q) that have been
previously measured. The injected voltage's phase angle (_sh) and magnitude (Vm_sh) are supplied by the PI
controls. The D and Q components of the shunt voltage system are determined by these two values.

Vm_sh= (Vi + Vi) (3)
a_sh=tan" (Vs / Vsno) (4)

The symbols Vshd and Vshq are used to represent the reverse voltages of the orthogonal components d and q,
respectively.
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5.SIMULATION

The MATLAB/SIMULINK application simplifies the process of establishing a network that integrates a variety of
power system components. After that, simulations can be conducted to produce precise results. Simulation
testing is implemented both prior to and subsequent to the implementation of the STATCOM connection, the
d-q axis control method, and the adaptive Pl voltage regulation method to ensure precise evaluations. The
computational representation of the power systems network that has been integrated with STATCOM is
depicted in Figure 4.

Table | contains a complete list of the model's numbers.

Parameters Values

Source Vohoge | 25KV (rmys), 50 Hz

Load Voltage 25KV (rms), 0 Hz

SO Hz R= 001273 chmskm , L = 09337 x 10 Hkm,
Transmisston Line

C=1274x 10" Fkm, Length 100 km

[C link capacstor | 4700 uF

[ransformer Primary Winding (600V), Secondary Winding (25KV)

LCand RL Filter | R=5 ohm, L=10mH, C=2500 uk
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Fig.4 Vshd and Vshq are the reverse voltages for the orthogonal components d and q, respectively.

6.RESULTS AND DISCUSSIONS

The MATLAB/SIMULINK application enables the development of a network that is composed of a variety of
power system components. After that, simulations can be conducted to produce precise results. Simulation
testing is implemented both prior to and subsequent to the implementation of the STATCOM connection, the
d-q axis control method, and the adaptive Pl voltage regulation method to ensure precise evaluations. The
STATCOM, which was developed through computational modeling, is connected to the power systems
network, as illustrated in Figure 4. Table | contains a comprehensive list of the model numbers.
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Fig.5 The paper was carried out using the STATCOM D-Q axis driver..
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Fig.6 The Simulink model connects the power system with STATCOM.

7.CONCLUSION

The efficiency of the control schemes that have been delineated in this section is assessed through the
integration of STATCOM into the power system network. The technology known as Adaptive Pl Voltage Control
was employed to regulate voltage, as evidenced by the modeling. Examine it. The voltage that existed prior to
the connection of the STATCOM network was one per unit (p.u.). After the connection was established, the
value increased to 1.05 p.u. The reactive and actual capabilities modeling outcomes are illustrated in Figures 8
and 6. These results are illustrated with and without the implementation of STATCOM. The investigation
revealed that the presence or absence of a STATCOM device did not affect the continuous real power flow of
9.2 MW. STATCOM is incapable of directly influencing actual power due to its limited ability to regulate
voltage. This assertion may not always be accurate in terms of the time required to respond. The removal of
the STATCOM led to a decrease in reactive power of 2.2 MVAR. The reactive power flow of the system was
reduced to -1.09 megawatts as a result of the implementation of STATCOM.
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