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Abstract- Renewable energy sources (RES) has gained pivotal importance due
to the depletion of fossil fuels, coupled with increasing electricity demand and
escalating environmental concerns. The integration of renewables into power
systems significantly impacts grid performance. Addressing transient performance
issues remains a critical area that requires further investigation. This paper explores
the deployment of a Static Synchronous Compensation Device (STATCOM)
utilizing a controller based on fuzzy logic (FLC) to tackle voltage stability issues
in the IEEE nine-bus investigation, specifically considering the incorporation of
Photovoltaic (PV) and Wind energy. The STATCOM based on FLC is considered
as a dynamic voltage recovery aimed at sustaining voltage stability, thus
preservation of RES through and after occurring disturbances. A virtual simulation
is performed utilizing Matlab/Simulink environment with Proportional Integrative
(PI) controller and with FLC of the STATCOM under different conditions to
prominence the variation which the offered STATCOM presents concerning
transient stability. The study aims to illustrate the effectiveness of FLC over PI
controller for enhancing the system stability at different locations using
STATCOM device. The obtained results inspect that STATCOM contributes
better response through FLC under abnormal conditions as compared to PI
controller.

Keywords- Power System, renewable energy sources (RES), Wind, PV, STATCOM, PI
Controller, Fuzzy Logic Controller (FLC), Faults, and Voltage Stability.

L. INTRODUCTION

As the global population and industrial advancements
continue to grow, the demand for energy is rising, while
fossil energy reserves are being depleted at an alarming
rate. Currently, although fossil fuels like coal, oil, and
natural gas are still utilized for energy generation, their
rapid exhaustion is prompting a greater shift toward
renewable energy sources (RES) [1].

RES include solar, wind, hydropower, geothermal
energy, and biomass. Technologies based on renewable
energy can transform these resources into various forms,
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including electricity, heat, chemicals, and mechanical
power. Embracing renewable energy has the potential to
promote energy independence and improve safety in
energy production [2].

In recent years, RES have made significant
advancements to address the growing energy demand.
Energy has increasingly become a focal point for
researchers and policymakers alike. Fossil fuels such as
coal, oil, and natural gas remain significant contributors
to the energy landscape both globally and nationally.
However, as these resources deplete, there is a rising shift
toward sustainable energy sources, along with increased
efforts to develop them. One of the key benefits of
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renewable energy is its ability to integrate into hybrid
systems with other energy sources. Typically, hybrid
energy systems consist of two or more distinct energy
production methods that work together to provide
electricity or thermal energy. There is considerable
research underway into hybrid systems that combine wind
and solar energy from renewable sources [1, 3].

RES including solar and wind, have emerged as
appealing options for energy generation due to their lack
of pollution and widespread availability across the globe
[4, 5]. They provide the most economical solution for
addressing power supply shortages in remote regions
lacking access to the utility grid [5, 6]. Research and the
utilization of RES have garnered growing interest in
recent times [7-9].

As electricity demand rises, power systems are
becoming increasingly complex. Traditional methods
aimed at preventing voltage instability and collapses in
these expanding systems have, at times, struggled to
address  their needs effectively. Today, the
implementation of Flexible AC Transmission Systems
(FACTS) allows for quicker and more efficient resolution
of issues in complex and burgeoning networks.
Furthermore, when utilized correctly, FACTS devices
enhance the power system stability and maximize the use
of available resources [1, 10].

Voltage instability could be effectively tackled by
incorporating a device from the FACTS family like static
VAR compensators (SVC) and static synchronous
compensators (STATCOM) could effectively mitigate
voltage instability during faults. These FACTS devices
manage the voltage's amplitude and phase within the
network, offering reactive power compensation and
enhancing voltage levels at various nodes within the
electrical network [11-13].

STATCOM is highly effective in reactive power
compensation, voltage regulation, and enhancing grid
stability, thereby contributing to the reliability of modern
power systems [14].While many research studies have
employed traditional control circuits, such as  PI
controllers for FACTS devices, these controllers face
limitations due to their fixed parameters, leading to
suboptimal performance under varying abnormal
conditions [11].

Different types of reactive compensation devices
encompass STATCOM, shunt capacitors, saturation
reactors, and synchronous condensers. The STATCOM
offers several benefits, including the ability to
compensate reactive power in both directions, a broad
operating range, rapid response times, minimal energy
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storage requirements, and greater control flexibility
compared to traditional compensators [15-17]

With the rising need for stable and reliable electrical
power transmission, utilities and industries are turning to
advanced technologies like STATCOM to effectively
manage voltage and reactive power along transmission
lines [18, 19].

STATCOMs offer operational flexibility by enabling
smooth integration with existing infrastructure and
supporting various control schemes to enhance
performance across different operating conditions [18,
20].

The selection of converter configuration is a crucial factor. The
two available configurations are voltage source converters and
current source converters, each incorporating passive storage
elements: a capacitor for voltage source converters and an inductor
for current source converters. Typically, voltage source converters
are favored because they offer a more compact design, reduced
heat generation, and lower costs for capacitors compared to
inductors of the same rating [21].

The VSC control method is a commonly used
approach for managing STATCOM systems. This
technique utilizes a VSC within the STATCOM to
generate a controlled AC voltage at the point of
connection. To maintain the desired voltage levels and
power factor, the VSC control system constantly monitors
grid voltage and current, adjusting the inverter’s output
voltage as necessary. PI controllers are often implemented
and created control signals to adjust the inverter output
based on the difference between a reference voltage and
the actual grid voltage, which they continuously evaluate
[22].

The use of STATCOM's fuzzy logic controller (FLC)
has garnered significant attention. One key advantage of
fuzzy logic controllers over PI controllers is their ability
to operate without needing precise mathematical model
values, allowing them to manage nonlinearity effectively
with vague inputs. The Mamdani type FLC is the most
widely used and has demonstrated superior performance
in STATCOM applications compared to PI controllers
[23, 24]. Despite its many advantages, FLCs do have
some drawbacks. These include the complex nature of
designing the rule base and the need for specialized
knowledge in fuzzy logic systems [25]. Fuzzy systems are
regarded as intelligent systems that leverage data and
reasoning to tackle complex issues, which requires
considerable engineering expertise for adequate
explanation [26, 27].

Several works reviews associated to this paper are
specified as follows:-

H. Bakir and A. A. Kulaksiz (2018) presented a model
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and analysis of a hybrid RES integrated with STATCOM
in MATLAB/SIMULINK. The study examines how
STATCOM influences the hybrid RES. Through
supplying reactive power compensation in transmission
networks, STATCOM either absorbs or generates the
required reactive power within the system [1].

J. Bhukya, and P. Singh (2024) explored the
complexities of power system stability, particularly
examining the challenges associated with the integration
of RES, with a primary emphasis on wind power under
different operating conditions [28].

R. Somalwar and M. Khemariya (2012) presented
FACTS controllers aimed at resolving instability
challenges. The FACTS devices could also be employed
to manage power flows and enhance stability. The
research investigated how FACTS devices can be utilized
to improve system stability [29].

I. Hamdan, A. M. Ibrahim, and O. Noureldeen
(2020) presented the use of STATCOM for reactive
power compensation, aiming to improve Fault Ride-
Through (FRT) capabilities and boost the performance of
a hybrid power system integrated with the grid. This
system merges photovoltaic as well as wind power during
transient disturbances in the grid [30].

D. S. Ahmed, and A. F. Marhoon (2024) utilized
STATCOM to enhance the voltage stability within a
power grid integrating RES. The STATCOM-based
modular multilevel converter is specifically considered to
improve the quality of the output voltage while
minimizing the need for filters. Controllers based on PI,
as well as integral sliding mode (ISM) strategies, were
developed. The results indicated that the STATCOM
effectively enhances performance in this hybrid system,
utilizing both PI and ISM controllers [31].

M. P. Donsion, J. Guemes, and J. Rodriguez (2007)
focused on FACTS technologies aimed to enhance the
system power quality. The study examines how
impedance, current, and voltage can be optimized through
the use of FACTS units for boosting system performance.
[32].

A. M. Ibrahim, I. Hamdan, L. Nasrat, and M. A.
Ismeil (2022) presented an optimal design for a
STATCOM aimed at improving the performance of a
hybrid power system combining wind and PV energy in
the Gabal El Zayt area, situated along the Red Sea coast
in Egypt [33].

S. Akter, A. Saha, and P. Das (2012) offered various
FACTS technologies model and simulation, including
STATCOM , aimed at enhancing the stability and
capacity of the power network [34].
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K. Mohd and U. Ansari (2014) discussed the
integration of a STATCOM into the power network to
enhance dynamic voltage regulation for the wind farm,
manage power flow in the transmission lines, alleviate
congestion, and enhance damping of power oscillations.
Simulation results indicate that the addition of
STATCOM devices markedly enhances the performance
of both the wind farm and the overall power network
during transient disturbances [35].

S. Shinde, R. Gandhi, G. S. Margarat, Y. Khairnar, H.
M. Al-Jawahry, M. Landage, and K. K. Naidu (2024)
presented an overview of different FACTS devices,
detailing their operating principles, functionalities, and
contributions to improving power system stability. It also
explored various control strategies implemented for
FACTS devices, including voltage and reactive power
control, as well as their effectiveness in sustaining grid
stability [36].

B. Bouhadouza, A. Gherbi, and H. Mellah (2013)
presented the FACTS technologies importance for
stability enhancing in the presence of faults, as well as for
managing the incorporation of renewables, particularly
wind power. The sources compel power networks to
operate under new conditions [37].

K. Gupta and Y. Pahariya (2017) investigated FACTS
controllers effect like STATCOM on enhancing short-
term stability of Electrical grids [38].

M. Eslami, H. Shareef, A. Mohamed, and M.
Khajehzadeh (2012) introduced detailed study for
enhancing the system stability through the FACTS
controllers’ usage. The discussion highlights multiple
technical publications concerning FACTS devices and
offers a comparison of the performance of various
FACTS devices [39].

K. Pushpak, B. K. Anuradha, A. Ravi, and A.
Abhishek (2016) examined how the power systems
behavior equipped with wind energy can be enhanced
through the use of FACTS devices like STATCOM. To
assess the impact of the STATCOM device on system
operations, that system has been and would continue to be
tested under various disturbances, including faults and
differing power operating conditions [40].

O. E. Olabode, T. O. Ajewole, D. O. Akinyele, and F.
K. Ariyo (2024) examined the impact of reactive power
compensation through a Distribution Static Synchronous
Compensator (D-STATCOM) within a real-world
distribution network. Three distinct levels of D-
STATCOM integration were analyzed to evaluate their
effects on improving voltage profiles, reducing active
power losses, saving energy costs, determining payback
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periods, and assessing procurement expenses [41].
I. Y. Fawzy, M. A. Mossa, A. M. Elsawy, and A.

A. Z. Diab (2024) provided a summary of different
FACTS technologies aimed at enhancing the behavior of
system. The analysis was conducted with
Matlab/Simulink software, focusing on both single-phase
and three-phase faults. The outcomes indicated that these
devices can significantly enhance the system
performance, with the UPFC demonstrating superior
effectiveness compared to the other FACTS types [42].

This paper presents an overview of STATCOM as one of
FACTS devices with two different controllers: PI and FLC for
enhancing power system stability. The offered system is analyzed
under abnormal conditions at different positions within the
PV/Wind energy system utilizing the Matlab/Simulink. The
outcomes indicate that the behavior of that system can be
significantly improved with STATCOM based on FLC,
demonstrating superior performance compared to a STATCOM
that employs a PI controller.

1I._Overview of STATCOM and Controller

A.

Among FACTS devices, the STATCOM stands out due to its
ability to improve the power system transmission capacity by
enhancing voltage regulation and stability. It offers rapid and
efficient reactive power compensation for voltage sustenance,
while also improving the power oscillations damping and
enhancing transient stability [43-47].

The STATCOM is a device used for compensating reactive
power that operates in parallel. Recent adverisements in power
electronic systems, particularly the introduction of GTO thyristors,
have made it feasible to adopt this innovation as an effective
alternative to traditional SVC systems. Fig. 1 presents a schematic
representation of the STATCOM.

The system comprises a VSC, a direct current (dc)
energy storage device, and a coupling transformer, all
connected in parallel to the network. The VSC transforms
the dc voltage from the storage device into a set of three-
phase alternating current (ac) output voltages. These
voltages are synchronized and connected to the ac system
through the reactance of the coupling transformer. By
appropriately adjusting the phase and magnitude of the
output voltages from the STATCOM, effective control
over active and reactive power exchanges between the
STATCOM and the ac system is achieved. This
configuration enables the device to either absorb or
generate controllable active and reactive power [48].

STATCOM
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Fig. 1. Basic STATCOM Arrangement.

The transmission line active power (P) and reactive power (Q
are presented below:

P="2Zsins (1)
2
Q="--"""cos s @)

Here, V1 and V2 denote the output voltage of the inverter and the
bus voltage of the system, respectively, while X represents the
reactance of the line connecting the inverter to the system bus [49].

The connection between the system AC voltage and the AC
voltage at the STATCOM terminals allows for effective control of
reactive power flow. When the voltage at the terminals of
STATCOM is higher than the voltage of the system, the device acts
as a capacitor, providing reactive power to that system. In
contrast, if the voltage of the STATCOM falls beneath the AC
voltage, it functions like an inductor, leading to a reversal in the
flow of reactive power. During standard working circumstances,
the voltages are in sync, resulting in no transfer in power among
the STATCOM and the network. Fig. 2 depicts the voltage and
current properties of the STATCOM. Various research studies
indicate that the STATCOM can significantly enhance the
behavior and reliability of power systems, especially in
applications involving renewable energy [50].
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Fig. 2. STATCOM V-] attributes.

The STATCOM fundamental control illustration is
shown in Fig. 3. The AC system voltage, to which the
STATCOM is connected, along with the voltage across
the DC link, must be kept at their specified reference

values. The PWM modulator produces pulses for
controlling the IGBT in the VSC [51-53].

-+ -+
Vdc ﬁ(\' }47 \'dr_rrf Vac '{\ "ZO'—* Vac_ref
DC Voltage AC Voltage
Controller 1 Controller
| Vdq|
A4 A
PWM

]

Converter pulses

Fig. 3. Basic control diagram of STATCOM.

Fuzzy Logic Control

System

The Controller Based on Fuzzy Logic (FLC). is
acknowledged as the more effective and advantageous option
compared to conventional controllers like PI controller. It
requires less memory and is adept at handling non-linear
systems [54]. The FLC is pivotal in various practical
applications and provides various fuzzy reasoning systems [55].
In this research, the Mamdani-type inference mechanism is
used due to its effectiveness plus compact design. The FLC
system architecture is illustrated in Fig. 4, which encompasses
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four key components [56]: Fuzzifier, Knowledge Base, Fuzzy
Inference Engine, also Defuzzifier. The fuzzy logic
fundamental framework includes these four essential elements
[571]:

A. Fuzzification (Fuzzifier): This step transforms numerical
inputs into linguistic values, effectively mapping the input
space to fuzzy sets well-defined within the discourse universe.
This procedure converts input data into appropriate linguistic
terms, serving as labels for the fuzzy sets.

B. Knowledge Base (Fuzzy Rule Base): This component
comprises a database and a set of fuzzy rules. The database
contains necessary definitions for linguistic rules and
processing fuzzy data, while the rule base articulates the
objectives and strategies of experts through guiding linguistic
rules.

C. Decision-Making Logic (Fuzzy Inference Engine): This is
the central part of that controller, capable of mimicking human
judgment regarding ambiguous concepts. It infers fuzzy control
functions using fuzzy implications and logical inference rules.
D. Defuzzification (Defuzzifier): This function performs scale
mapping, converting output variable values into coherent
universes of discourse, and produces non-fuzzy control
functions from the resulting fuzzy control functions. The
Mamdani Method is utilized in this study due to its
computational efficiency and compactness. It features two
inputs (X1 and X2) and one output (Y), where X1 represents

the error, while X2 denotes the change in error within the
system. The result Y is depicted as a fuzzy output [58].

Lnpat = Outps:
Fuzzification Imference Defuzzification

Fig. 4. The structure of FLC.

The fuzzy logic controller transforms a linguistic
control approach to an automated controller system.
Fuzzy rules are established either by specialists or by
utilizing a knowledge database. To improve results, seven
fuzzy sets or levels (membership functions) are chosen,
providing a numerical representation of each fuzzy logic
state [59]:

PB (positive big), PM (positive medium), PS (positive
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small), ZE (zero), NB (negative big), NM (negative
medium), and NS (negative small), as clarified in Fig. 5.
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TABLE 1 THE RULESET OF FLC

Membership function plots " %™ 181 E AE
NB NM NS ZE PS PM  PB NB | NM | Ns 7 PS oM | PB
NB NB NB NB NB NM NS V4
NM | NB | NB | NB | NM | NS | z | PS
NS NB NB NM NS V4 PS M
' Z | NB|NM | NS | Z | PS |PM | PB
a. The Error (X1)
. PS [NM | NS | z | PS | PM | PB | PB
Membership function plots et °°"'“" 181
W s Z P PMPB PM | NS | z | PS | PM | PB | PB | PB
PB Z PS PM PB PB PB PB

b. The Change in Error (X2)

Membership function plots ! %" 181

NS ZE PS

}\IB NM PM PB

c. Theresult (Y)

Fig. 5. The offered FLC Membership
functions.

A fuzzy inference system is a computational model
that relies on the principles of fuzzy set theory. According
to this theory, significant transient errors necessitate
broad control through coarse input and output variables
[59], whereas minor steady-state errors require more
precise adjustments using hypothetical input and output
parameters. The components of the rule base are
formulated according to this principle, as illustrated in
Table 1, where E signifies the error and AE indicates the
change in error.
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Fig. 6 illustrates the Simulink model for a STATCOM-based
FLC. The voltage of the system is monitored at the point of
common coupling (PCC) and evaluated against a reference
value. The error signal produced, along with the variation in the
error, is sent to the FLC, which then calculates the reactive
reference current, denoted as Iqref. The STATCOM's reactive
current, represented as Iq, is compared to Iqref, and the phase
shift angle for the PWM inverter is determined by the output of
the current regulator. [60]. Fig. 7 presents the flowchart of the
FLC system, outlining all the steps involved in the operation of
the fuzzy controller.

Vm

TH

e[or

Fig. 6. Simulink model for a STATCOM-based FLC.
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TABLE 2. THE WES PARAMETERS DESCRIPTION

[kp, ki] DC
Rated power 1.5 MW voltage regulator [0.002 0.05]
Power factor 0.9 Friction 0.01 p.u
Line voltage 575 DC-bus voltage 1200
Stator resistance| 0.00706 DC-link capacitor 0.01

Fig. 7. Flowchart of fuzzy logic control system.
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p-u
. 0.005 .
Rotor resistance Battery rating 900 kWh
p-u
Stator leakage System frequenc
inductance | O-171p-u y quency 60 Hz
Rotor leakage [kp, ki]
inductance 0.156 p.u RSC regulator [0.3 8]
[kp, ki] GSC Magnetizing
converter 2.5 500] inductance 29pu

1V.System under Study

This study conducts an examination of a
modified 3-machine, 9-bus normal electric network
to determine the effect of the proposed STATCOM
with FLC on the system's transient behavior. In this
upgraded arrangement, a wind power system has
replaced a synchronous machine at bus 3, and PV
energy has been added to bus 5. Fig. 8 shows the
revised 9-bus system. The wind power system has an
installed capacity of 90 MW, and the PV system has
a rated power of 80 MW. The wind system that has
replaced the traditional synchronous generator at bus
3 consists of three sets of WES. Each one contains
20 wind turbines that run in tandem, each with a
nominal 1.5 MW capacity. The voltage regulator gains for
the PI controller in this work are set to Kp = 0.0001 and Ki =
0.02, while the current controller gains are taken as Kp = 0.3
and Ki = 0.22. For the FLC, the voltage regulator gains are

taken as Kp = 0 and Ki = 300. The parameters for the WES,
along with the regulator gains, are detailed in Table 2.
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Fig. 8. Single-line representation of the modified 9-bus network being analyzed.

V. SIMULATION RESULTS

Fig. 9 illustrates the Simulink model of the caused by various fault types at different points, plus
electrical grid. To certify the procedure of the the system performance is evaluated. The system's
recommended STATCOM utilizing fuzzy controller, stability can be analyzed for various fault locations as
the electrical grid undergoes anomalous conditions follows:
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Fig. 9. The proposed model of the electrical transmission network in Matlab/Simulink.

CASE 1: FAULT LOCATED AT THE WIND FARM BUS (BUS-3)

This sector presents the system's generators active
response and the voltage distribution across every bus during a
zero-impedance three-phase-to-ground fault occurring at PCC
of the wind system connected to the electric network (bus-3).
The integration of a STATCOM utilizing FLC is recommended
for implementation at bus-3 throughout every case study
presented in this work. In the modeling, the three-phase fault is
introduced 4 seconds after the model activation plus lasts for

40|Page

0.05 seconds before receiving clearance. Throughout this fault
period, no protective devices will be triggered to disconnect the
photovoltaic (PV) and wind power plants. Figs 10 to 12
demonstrate the power system stability with both a PI
controller and the proposed STATCOM utilizing FLC. In this
study, the red solid line illustrates the performance of
STATCOM utilizing a FLC, whereas the dashed blue line
depicts the behavior of STATCOM with a PI controller. During
the fault event, the STATCOM increases its supplied reactive
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power to ensure that voltage levels at every bus remain within
acceptable limits. The system's performance demonstrates the
STATCOM’s ability to mitigate oscillations, thereby
enhancing system stability. Measurements of the dynamic
characteristics at various buses further validate the enhanced
performance enabled by the STATCOM. Additionally, Fig. 13
highlights the transient voltage behavior at various buses within
the system. The integration of the STATCOM using FLC helps
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to stabilize the voltage distribution after the fault has been
cleared, as the STATCOM effectively absorbs the reactive
power generated by the accelerating generators. Overall, the
obtained results indicate that the STATCOM with FLC
significantly enhances the system's performance concerning
oscillations and gives better response than STATCOM with PI
controller under fault condition.
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Fig. 10. Operational behavior of generator 1 based on the fault condition outlined in Case 1.

—_
wn
1

Voltage, pu
=
wn —_

0 L L L L
38 39 4 41 42 43 44
Time, s

2 05p

.

2 0f

@]

[a W

o-05F

2

2 _1 L L L L L L
38 39 4 41 42 43 44

Time, s

41 |Page

—_—
wn
1

.:
wn
T

Current, pu

P_,O

—_—
T

4 41 42 43 44
Time, s

w’l_‘
o0
(9'S)
Ne}

Reactive Power, pu
=



JEATSA JOURNAL

JOURNAL OF ENGINEERING ADVANCES AND TECHNOLOGIES FOR SUSTAINABLE APPLICATIONS
Volume 1, Issue 2 (April, 2025)

Print ISSN: 3062-5629 Online ISSN: 3062-5637

JEATSA

Journal

Open Access

https://jeats.journals.ekb.eg/

Fig. 11. Operational behavior of the WES based on the fault condition outlined in Case 1.
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Fig. 12. Operational behavior of the PV system based on the fault condition outlined in Case 1.
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Fig. 13. Transient performance of the voltage profile at Buses B6, B7, B8 and B9 based on the fault outlined in Case 1.

42|Page



JEATSA JOURNAL

JOURNAL OF ENGINEERING ADVANCES AND TECHNOLOGIES FOR SUSTAINABLE APPLICATIONS

Volume 1, Issue 2 (April, 2025)
Print ISSN: 3062-5629 Online ISSN: 3062-5637

Open Access

https://jeats.journals.ekb.eg/

JEATSA

Journal

CASE 2: FAULT LOCATED AT THE GENERATOR 1 BUS (BUS-1)

An additional case study has been confirmed to
further validate the proposed STATCOM utilizing FLC.
A three-phase-to-ground fault occurred at generator 1's
(bus-1) 4 seconds into the simulation, lasting for 0.05
seconds before being cleared. Figs 14 to 16 depict the
system's performance during the fault condition. These
results validate the efficiency of integrating the
recommended STATCOM with fuzzy controller
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outperforms the PI controller in the power system.
Furthermore, Fig. 17 highlights the transient voltage
behavior at several buses within the system. The system's
dynamic performance, particularly when connected to
renewable energy sources during the fault, highlights
significant improvements in overall system stability with
reducing oscillations owing to the implementation of
STATCOM utilizing FLC as compared to PI controller.
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Fig. 14. Operational behavior of generator 1 based on the fault condition outlined in Case 2.
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Fig. 16. Operational behavior of the PV system based on the fault condition outlined in Case 2.
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Fig. 17. Transient performance of the voltage profile at Buses B6, B7, B8 and B9 based on the fault outlined in Case
2.

CASE 3: THREE PHASE FAULT LOCATED AT THE PV SYSTEM TERMINALS (BUS-5)
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In order to further confirm the effectiveness of the
proposed FLC for the STATCOM, a three-phase ground
fault was simulated at the PV system outlets. The
outcomes of this imitation are illustrated in Figs 18 to 21.
The system dynamic performance across all buses using
STATCOM with FLC outperforms that of the system
utilizing STATCOM with PI controller. Clearly, the

wn
T

Voltage, pu

o &
oo
[O%)
Nl
~ |
&~ 1
—
&~ 1
o
-lk_
o
=~ |
o~

Active Power, pu
> D Mo B o
T
7
1
1

S 39 4 41 42 43 44
Time, s

Journal

system behavior utilizing the PI controller is significantly
deficient, exhibiting a prolonged period for stability
reaching. Moreover, a significant overreach in current
and voltage levels has been observed across all buses. In
contrast, the implementation of the STATCOM with the
proposed FLC leads to improvements regarding the
system's overall performance.
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Fig. 18. Operational behavior of generator 1 based on the fault condition outlined in Case 3.
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CASE 4: SINGLE-PHASE FAULT LOCATED AT THE PV SYSTEM TERMINALS (BUS-5)

A single-phase ground fault was simulated at the
PV system outputs for additional certify of STATCOM
based FLC. The results of this simulation are presented
in Figs. 22 to 25. The system's dynamic performance
incorporating STATCOM and FLC exceeds that of the
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system utilizing a STATCOM with a PI controller across
all buses. In summary, the results demonstrate that the
STATCOM equipped with a FLC significantly improves
the system's performance in terms of oscillations and
outperforms the STATCOM with a PI controller during
fault condition.
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Fig. 22. Operational behavior of generator 1 based on the fault condition outlined in Case 4.
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Fig. 24. Operational behavior of the PV system based on the fault condition outlined in Case 4.
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Fig. 25. Transient performance of the voltage profile at Buses B6, B7, B8 and B9 based on the fault outlined in Case

V] Conclusion and Future work

This study proposes STATCOM utilizing a fuzzy
controller aimed at enhancing the system's transient
behavior of an altered 9-bus IEEE normal electric
network. The electric network has been restructured to
incorporate RES, such as wind and PV systems. A
modeling simulation for this adapted electric network,
along with the recommended FLC has been created
using the Matlab/Simulink environment. To evaluate
the impact of the STATCOM utilizing FLC regarding
the transient behavior of the system, various case
studies were conducted across various locations in the

50|Page

electrical power system. Simulation results have
obtained STATCOM with PI controller and FLC,
highlighting the changes introduced by this FACTS
device terms of transient stability. The system's
dynamic behavior, along with the voltage profiles at all
buses under study, highlighted the beneficial effect of
the recommended STATCOM with FLC on enhancing
the stability of the electric network. Future work will
involve exploring the system's behavior with other
FACTS devices under additional abnormal conditions.
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