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Abstract — This work presents a switched modulated filter compensation/modulated filter capacitive compensator

(SFC/MFCC) scheme to improve electrical energy utilization, enhance power quality and reduce excursions on Dis-
tribution/Utilization hybrid linear and nonlinear/inrush type motorized loads on the AC electric utility systems. The
dual pulse width modulated (PWM)-switched SFC/MFCC does function as harmonic mitigate tuned arm filter plus
reactive compensation device for hybrid linear/ nonlinear/ motorized loads. This is achieved by complementary
modulation of switching PWM action controlled by multi loop fuzzy logic controller. The pulse modulation is
determined in each control time step by the aggregate sum of deviation errors in voltage and dynamic current/ power
changes. The novel FMCC-SFC filter can be extended to other interface applications of nonlinear DC-AC grid systems

and customized to voltage dynamic stabilization and voltage regulation tasks on AC grid systems.

Keywords — SFC/ MDC Switched Filter, Dynamic Compensation Scheme, Fuzzy Logic Controller, Power Quality,
Energy Efficient Utilization Nonlinear Loads.

I. INTRODUCTION

The most of problems with power quality have become increasingly significant in electrical power transmission
and distribution systems over the last two decades. This issue has been exacerbated by the growing adoption of
renewable energy sources, such as distributed generation, in modern electrical networks. These changes have

brought about a notable transformation in the operation of the electrical system [1, 2].

Additionally, Flexible AC Transmission System (FACTS) devices are power electronics-based devices that are
designed to control and manage the flow of power on electrical grids and the best method to improve power
quality. They can be dynamically adjusted to regulate voltage levels, control power flows, and stabilize system
parameters. This makes them valuable tools for power frequency and improving the overall quality of electricity

distribution [3, 4].

The use of FACTS components is the main goal to increase transfer capacity and ease the integration of
renewable energy sources. The goal is to create a technique that, considering variables like voltage stability, power
flow regulation, and transient stability, picks, and positions FACTS devices along the transmission line optimally
[5, 6]. Also, FACTS uses fuzzy logic control as the PWM dynamic switching/regulation scheme to improve power
quality and energy consumption for three-phase system loads. In contrast to other traditional PID controllers, it
provides significant advantages. The benefits of FLC includes ease of use, affordability, and adaptability in the
occurrence of an uncertain load with an unknown mathematical model or process dynamics. Problems relating to

power quality [7].
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Currently the most important power electronics, such as adjustable speed drives (ASD), energy-efficient light
emitting diodes (LED), and programmable logic controllers (PLC), widely used in electronic equipment, have

resulted in severe nonlinearity and a wide variety of electric load natures [13].

However, regardless of the power factor, the generating authority must install equipment capable of
delivering a specific voltage and current even though, in a particular case, most of the voltage and current products
will not be used effectively for increasing efficiency. Reactive compensation using capacitors increases power
factor and lowers harmonic content in Nonlinear- load current. A modulated/switched-tuned arm filter (MFCC) is
used to reduce harmonic currents, cut costs, and simplify filter design. Filters are primarily designed to reduce
harmonic content to enhance power quality. The primary purpose of passive filters’ characteristics is to improve
power factor correction by reducing current harmonics. Passive filters have the drawback of being unable to adapt

to the dynamic behavior changes of non-linear loads [8].

In order to reduce feeder active and reactive power. Harmonics well increase response on the electrical
system to open, short circuit operation and load changing due to faults and load switching, fixed, switched, and
modulated capacitor banks have been widely used in modern electrical system [5, 6]. Harmonics and dynamic
switching excursions can result in electric equipment failure, malfunction, hot neutral, ground potential use, fire,
and shock hazard in addition to poor power factor and inefficient utilization of electric energy manifested in
increase reactive power supply to the hybrid load, poor power factor and severely distorted voltage and current
waveforms. To improve efficiency, capacitors are employed which also leads to the improvement of the power

factor of the mains [9, 41, 11, 12, 13].

While fixed power filters and capacitor banks have their place used to improve power quality by reducing
harmonics and reactive power in electrical systems. Also, in improving power quality, they do have limitations
when dealing with dynamic loads and potential resonance issues. Advanced solutions like active power filters and
tuned passive filters offer more effective means to handle these challenges in industrial utilization networks [10,

8].

In this paper a new Low-Cost Flexible Alternating Current Transmission System FACTS -DVS/GP Device
is validated using Matlab-Simulink Software Environment with a new fuzzy logic controller for voltage
stabilization and efficient energy secure delivery to the load. The new FACTS-DVS/GP developed by the First

Author utilized switches to implement dynamic error driven control strategies for improved response.

II. LITERATURE VIEW

R Betala looked at power factor issues at fast EV charging stations that were due to the switching of supplies
in power electronics. The author proposed improving the power factor by utilizing an Active Power Factor
Correction (APFC). This approach is based on a fuzzy logic fractional order controller that optimizes the input
power factor and decreases harmonics distortion. The APFC has the potential to be applied more broadly in, for
instance, 3-phase systems to enhance power consumption benefits and the power factor. R Raja, LJ Nirmal, PK
Mani highlighted the significance of power quality concerns for engineers and power companies, emphasizing the
role of devices like Dynamic Voltage Restorers (DVRs) to mitigate disruptions and enhance power stability in

distribution networks, demonstrated through MATLAB/Simulink simulations [11]. The article focuses on the
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benefits of the CHB-DVR system for improving power quality on the distribution side, emphasizing its ability to
mitigate voltage fluctuations, harmonics, and outages, and highlighting its potential for enhancing power stability
and efficiency in industrial and commercial settings while suggesting future research directions including
advanced control strategies and the integration of storage systems for increased reliability [12]. KYW Hong tested
a “plug-and-play” Al-based framework for extracting real-time filter parameters as digital power control. The
framework functions without any hardware modifications or extra sensors, instead using an LSTM network and a
predefined control law. The model, which obtained reasonably accurate results for different filter orders, was also

tested on a buck DC/DC converter set at various filter configurations [13].

Y Xu, B Zhou, W Wei, L Jiang, X Sun, T Zheng study introduced an energy storage control strategy for
AC/DC hybrid systems after DC fault blocking, enhancing safe operation through a double-layer control approach,
evaluated using a DC power transfer influence factor, and validated via simulations on a power grid model,
demonstrating improved system stability and suppression of power oscillations. The article introduced an energy
storage control strategy using DC power transfer factor evaluation in an AC-DC hybrid system after a DC fault,
demonstrating improved AC system stability through energy storage's quick impact mitigation on AC lines and a

double-layer control approach, validated using CEPRI36V7 power grid model simulations [14].

S Benisha, JA Roseline, K Murugesan, D Lakshmi, G Ezhilarasi, and P Muthukumar presented a costeffective
approach using power factor correction (PFC) and a Cuk converter to improve power quality in low voltage
applications integrated with a brushless DC motor (BLDC) drive and voltage source inverter (VSI) for reduced
switching losses, with effectiveness evaluated across different modes and conditions through MATLAB/ Simulink
simulations. A Cuk converter-driven BLDC motor is designed to achieve unity power factor, utilizing various
operating modes in continuous and discontinuous conduction modes (CCM and DCM), with experimental
validation favoring the DICM mode for improved power factor correction in low-power equipment [15]. A
Busacca investigated experimentally the harmonic content and efficiency in a Cascaded HBridges Multilevel
Inverter, using several different modulation methods. The author explored the effects of frequency switching on
both harmonic distortion and efficiency for a 3-phase 5-level CHBMI prototype. The author also looked at
different PWM techniques and modulation indices, discovering the differential sensitivity found in PD-,
SCAMOD-, and CD-based schemes about harmonic distortion/efficiency and frequency switching [16].

W Miao, Y Yijun, S Lue, S Bo, H Haiyu presented a method deriving line outage distribution factors for N-2
double branch power flow transfer that enables rapid and accurate calculation of active power flow transfer after
dual branch breaks, demonstrated through IEEE 39 bus system simulations, offering practicality for N-2
contingency assessment and power generation plan verification. The study addressed cascading faults' impact on
power grid safety; the study developed a formula for calculating the N-2 power flow transfer distribution factor
from N-1 outage factors, enabling quick active power flow assessment after dual line breaks, analyzing coupling
effects and proposing a grid disconnection judgment method, with accurate simulation results suggesting
applicability for N-2 contingency assessment and power system planning. At the same time, future work focuses
on refining accuracy by considering grid loss and reactive power flow effects [17]. K Vinodhini, A. Sobiya, M.
Gengaraj, M. Nanthini, M. Subashini, and L. Kalaivani addressed power quality challenges. The paper introduces
a Fuzzy Logic Controller (FLC)-based boost converter for power factor correction aiming to enhance power factor,

reduce harmonics, and regulate output.
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Voltage in power systems, demonstrated through MATLAB/Simulink simulations, with controller robustness
validated against traditional controllers. In an industrial combined power system, the proposed boost converter
with a fuzzy logic controller improves power factor, reduces harmonic distortion, and provides regulated output
voltage for enhanced overall system performance, presenting a viable and economical solution for industrial
applications with the potential for further stability enhancement using advanced techniques like neural networks

[18].

R Patil, RT Ugale study assessed AC-DC converter topologies for electric vehicle (EV) battery charging,
focusing on boost converter-based power factor correction options such as traditional boost, interleaved boost, and
bridgeless totem pole boost converters, aiming for high efficiency, good power factor, and compliance with IEEE
Standards, simulated using Matlab/Simulink for universal AC input voltage and 400 V DC output. The paper
presented power factor correction solutions using boost converters for EV battery chargers, comparing
performance through circuit simulations; the results show interleaved boost PFC has lower harmonic distortion,
bridgeless totem pole boost PFC has higher efficiency, achieving unity power factor, and the latter outperforms
other boost PFC topologies for EV battery charging applications at 1 kW output power and 100 kHz switching
frequency [19].

KRS Vadivu, A Anbazhagan, P Abirami, and RH Laitha investigated three-level full bridge power factor
correction (PFC) converter’s power quality parameters using different control strategies, namely Sliding Mode
Controller (SMC) and Average Current Control (ACC), through simulations on MATLAB/Simulink. ACC
demonstrates superior power quality results, achieving a power factor of 0.993 and THD of 0.12% while
maintaining stability under varying line and load conditions. A Single-Stage Power Factor Correction (SSPFC)
converter is designed with cascaded control loops using Sliding Mode Controller (SMC) and Average Current
Control (ACC), resulting in enhanced power quality in terms of Total Harmonic Distortion (THD) and input Power
Factor (PF), where ACC performs better with a PF of 0.9977 and reduced THD of 0.04%, even under variations
in input voltage and load conditions, meeting IEEE-519 standards [20]. L. Sarker studied an interleaved, bi-phase,
boost PFC topology, aiming to decrease harmonics and enhance power quality during the process of EV charging.
The author proposed a 6-kW interleaved bi-phase boost PFC converter-based EV char- -ging system to satisfy
IEEE 519-2019 standards. Regarding efficiency and Total Harmonic Distortion (THD), Sarker’s model
outperformed single-phase boost PFC systems as well as non-PFC ones [21]. M. Boutoubat’s study investigated
ways to control a wind energy conversion system (WECS). The author proposed using a Grid Side Converter
(GSC) and regulating a Stator Side Converter (SSC) for MPPT as a means to stabilize DC voltage as well as
improve the power factor. This would be achieved by building a cascade converter setup, thereby improving power
quality and active power production [22]. I.S. Mohamed proposed a novel control strategy that combined a feed-
forward Artificial Neural Network (ANN) and Model Predictive Control (MPC) for bi-level converters. The author
aimed to improve performance and voltage quality for diverse loads by decreasing the THD. By conducting
simulations under different operational conditions, Mohamed demonstrated that the model showed reasonably

good efficiency in comparison with standard MPC [23].
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III. SYSTEM DESCRIPTION

Figure 1 illustrates the three-phase AC usage system supplying loads. Figures 3 and 4 depict the proposed novel
dynamic error-driven tri-loop FLC applied to lower switching transients, current inrush excursions, as well as in
the low voltage utilization system for effective power/energy utilization and power quality improvement for the

type of load depicted in [24, 5]. The AC Three-phase system grid network is shown in Fig.

1. It comprises a synchronous generator (driven by Source) delivers the power to a local hybrid load (Linear,
Induction Motor and DC ARC Load) and is connected to an infinite bus through 8km transmission line. The AC

system consists of:

1. Three-phase AC Source.

2. Novel Modulated Filter-Capacitor compensator MFCC scheme.
3. Hybrid Nonlinear Load.

4. Transformer.

5. Transmission Line.
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Fig. 1. Single-line diagram of the sample study AC system.

Power Transmission Efficiency and Power Factories that the efficient power transmission is a cornerstone of
the modern electrical grid. Minimizing losses and maintaining reliability play a crucial role in providing a stable
and cost-effective electricity supply to end-consumers while also contributing to sustainable energy practices [27].
Active power loss reduction strategies with power factor regulation efforts can lead to a more efficient power
transmission system [25, 26]. The best way to ensure high efficiency is to minimize the active power loss during
the power transmission process. At the same time, regulating the power factor (PF) is crucial during power

transmission, as the PF contributes substantially to transmission efficiency [28, 29].

Transmission efficiency:

Receiving end power

Ny = X100 ()

Sending end power
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Fig. 2. Three Phase with Fuzzy Logic Controller and Hybrid Load.

IV. MFCC-FILTER COMPENSATOR

The FACTS technology is used to enhance the efficiency, reliability, and control of power transmission in AC
systems. One of the aspects of FACTS is the harmonics mitigation and power quality improvement in threephase
systems. The IGBT switches are used in this work and controlled by two complementary pulses. Therefore, the
equivalent admittance of the MFCC circuit can be changed with different operating states. If switch S1 is opened
and S2 is closed, the resistor and indicator will be connected into the circuit. If switch S1 is closed and S2 is
opened, the resistor and inductor will be shorted, which three phase capacitor bank will procure a capacitive
admittance as seen in Figure 3. The IGBT switches are controlled by a novel tri-loop dynamic error driven PID

controller [30, 31, 32].

In this context, FACTS system that incorporates a switchable type of capacitor bank can indeed play a crucial
role in reducing the system harmonics. The MFCC is also controlled to absorb ripples and reduce current
oscillations [33]. The idea behind the dynamic controller is to maintain stable voltage and current levels in the
system and feed the errors to the SPWM and generate a series of pulses whose widths are adjusted to create a
waveform that resembles a sine wave. SPWM is commonly used in applications like motor drives and power
inverters with the duty ratio and the error value for renewable energy systems [34]. The MFCC used and tested
with 3 Phase system is shown in Figure 3. The MFCC control scheme is based on decoupled current and voltage

components of the Bus.
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Fig. 3. MFCC Switched Green Plug-Filter Compensator (SFC) scheme.

The increased power with higher voltage and current ratings of power electronic converters used in MFCC also
allows for adequate sizing and optimized operation [35, 36]. In this paper, the effectiveness of the MFCC scheme
is fully validated using MATLAB /Simulink digital simulation. All the subsystem components are submodelled
individually using the MATLAB /Simulink GUI environment and linked to determine the overall system model.
The simulation of the proposed scheme has been carried out, and the dynamic performance of the system is tested

for the proposed controller.

The MFCC must be connected across the Bus terminal to maintain constant voltage to allow the operation of
the voltage source converter (VSC) with two control loops as shown in the Simulink model in Figure 3. The main
duty of the capacitor bank is to feed the voltage path and current path as shown in Figure 4. The input of control
loop 1 is the dynamic voltage change in the Bus, which produces an error with recognize to the measured value
and then the error is used for voltage adjustment. The input to loop 2 is the dynamic current Bus, which has the
same transfer function as the voltage loop [37, 38]. Renewables are playing a crucial role these days in the main
grid. Renewables are intermittent, nonlinear and fluctuating and this affects its integration into the main grid [39-
41]. One of the main disadvantages of renewables is the inertia problems. Most renewables are disconnected from
the main grid during fault conditions due to the negative impact on the reactive power [42-45]. One of the
advantages of the proposed compensator is to use it with renewables to reduce the faulted condition impact on the

main grid.
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Fig. 4. Dynamic Error Driven Tri-regulation Controller.

V. Fuzzy LoGIC CONTROLLER

The Membership Functions are the basic elements of the fuzzy logic controller (FLC). Triangular membership
functions are used in this study [39, 40, 25]. The input comes from the membership values of space necessary for
the weight coefficients of each rule which are determined based on minimums [48-50]. After determining the
weight coefficients of the required unit of blurring, the rules for multiplying these values are sent to the processed
parts. The Fuzzy Logic Controller uses the exact method of de-fuzzification unit values to obtain the central areas.
FLC systems design proceeds according to the logic block error feedback and input directly or by reference also
is possible to perform data processing [51-54]. FLC will determine whether the limits of membership functions

can be determined, as shown in Figure 5.

NB du NEB dul Error
]
Difference
v v e(k)-e(k-1)
DE Parameters E Parameters D:am'“e'ﬂ's =

IEEEENNEN®RN HEEEE

|
Fuzzy Reasoning Block

Unit Delay il
Add

u(k)
Fig. 5. Fuzzy Logic Controller MATLAB/Simulink Block Model Structure.

In Figure 6. There are elements of linguistic control rule base and database. Rules are processed in the fuzzy
defuzzification unit to influence the result, which is sent to mark out the next step. Here are produced definitive
results. In Figure 6 E(k) the error signal, e(k-1) refers to the change of error in a sampling period. M1, M2, and
M3 are gain values. Du(k), clarifying a previous value of unit output and the D(k-1) gathered with D(k) are

obtained and input of the system is given. These variables are produced according to the rule base unit rule table.
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Fig. 6. block diagram of structure of fuzzy logic controller.

A basic structure of fuzzy controller membership functions has been used. The selection is completely arbitrary
functions of membership triangle, trapezoid, sinusoid, Cauchy, bell, sigmoid, Gaussian types [55,56]. FLC is
usually the input variables, control error (), and the duration of a sampling error change (Ae) form. FLC according
to these variables of the rule base unit, a rule table is created as shown in Table 1. Detailed description of the

establishing the rule is presented in [57-60].

Table 1. FLC rules.

d

NBi|NS"|'Z ~ |:PS) |'P
PB BS |PS |PB | PB
PS | NS PS |PS [PB
Z | NS |NS PS | PS
NS | NB | NB [ NS PS
NB [ NB [ NS [ NS [ NS

(e-Ae) Rule Assign Matrix (5X5 = 25).

;>

= =

IM Load R L Load DC ARC Load

Fig. 7. Hybrid Loads feed by AC Smart Grid.

VI. RESULTS SIMULATION AND DISCUSSION

Digital simulation results using the MATLAB/Simulink/Sim-Power software environment to verify the dynamic
effectiveness of the introduced the 3-phase system for the proposed MFCC-based SFC scheme with feeding three

types of industrial loads are presented here:

1. Normal Operating Conditions using Time Scale from 0.0 to 0.4 Second on a Step of 0.05 Seconds:
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The integrated AC system model is dependent on the hybrid loads disturbances. The digital simulation dynamic
responses at the source side is shown in figure 8 and Figure 9 depict the digital responses at the load bus without
using the proposed filter. Figures 10 and 11 show dynamic responses at the source side and the load bus
respectively after using MFCC. As seen from the figures there is an improvement in the dynamic response after
using the proposed filter. Tables 2 and 3 show the changes in the voltage, current active and reactive power before
and after using the filter. The results indicate that there is an improvement in the voltage, current, reactive power
and power factor as indicated in Tables 2 and 3 for two cases based on using MFCC-FACTS device. Table 2 shows
the results at the source bus with and without MFCC filter While Table 3 shows the same results but at the load
bus. As seen from table 2 there is a huge improvement for the voltage at the source bus by 20% (the voltage is
changed from 0.89 to 1.09) and at the load bus by 19% (the voltage is changed from 0.91 to 1.09). The current is
also improved from 1.9 to 2.5 at the source bus which means there is an increase in its value by 6 % and the
increase in the current at the load bus is around 4%. Also, it is clear that the active and reactive power are improved
at both the source and load bus. The active power is increased by 8% at the source bus and by 3% at the load bus
while the reactive power is increased at the source bus by 19% and by 7% at the load bus. However, special care
should be taken in selecting the MFCC parameters to avoid possible parallel resonance with the induction
generator or system inductance. It is clear that there is an improvement in voltage, current and power but the huge
impact is in the reactive power increase at the source bus which is considered as an important advantage of MFCC
special with the increasing penetration of renewable energy into the main grid as most renewable energy sources
are having a negative impact on the grid during fault conditions. Using MFCC improves the performance of the
system and increases its robustness, especially during faulty conditions. This is very important feedback especially
in the presence of the renewable resources due to the low inertia during faulty conditions because of the
dependency on the asynchronous generators and converters that have zero inertia which will affect the overall

system performance.
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Figures 12 and 13 show the Fast Fourier Transform (FFT) for the current and the voltage at source Bus after

using the filter and with the Hybrid Load.

Table 2. Dynamic Simulation Results Without and with MFCC Filter at Source Bus.

Response Name Without MFCC With MFCC
Voltage at Source Vs 0.89 pu 1.09 pu
Current at Source Is 2.38pu 24 pu
Active power at source bus (P) 2.5pu 2.58 pu
Re Active power at source bus (Q) 1.52 pu 1.71 pu
Power factor at source bus (PF) 0.87 pu 0.90 pu

Table 3. Dynamic Simulation Results Without and with MFCC Filter at Load Bus.

Response Name Without MFCC With MFCC
Voltage at Load VL 0.91 pu 1.09 pu
Current at Load IL 1.95 pu 2pu
Active power at Load bus (P) 202 pu 2.5 pu
Re Active power at source bus (Q) 1.48 pu 1.55pu
Power factor at source bus (PF) 0.88 pu 0.91 pu
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Fig. 13. FFT for Voltage at Source Bus with Filter and Hybrid Load.

In the next section the time scale is extended to 2 seconds to check if there will be further change or not.
2. Hybrid Load with Extended Time Scale to 2 Second:

As seen in Figures 14, 15, 16 and 17 the voltage, current and active and reactive power is stable and there is no

fluctuation after adding the proposed MFCC for both the source and the load Bus.
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Fig. 14. V, 1, P(P&Q) and PF at Source Bus Without Filter and Hybrid Load.
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Fig. 17. V, I, P(P&Q) and PF at Load Bus with Filter and Hybrid Load.

Figures 19 and 20 show the FFT for Voltage at Source and load Bus.
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Fig. 18. FFT for Current at Source Bus without Filter and Hybrid Load.
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Fig. 19. FFT for Voltage at Source Bus without Filter and Hybrid Load.

3. Load Changes with Open Circuit (OC) and Short Circuit (SC):

To examine AC grid response to load excursions in the presence of the MFCC and without MFCC, the following
conditions are dictated to the grid. Figures (20 - 25) show the results obtained with hybrid load for voltage, current.
Active power (P), reactive power (Q) and power factor (PF) values with different cycle time of Open Circuit and

Short Circuit at time scales.

A. Time scale 3 second and open circuit for 0.1 second and short circuit for 0.5 second
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Fig. 20. The RMS V, I, P, Q, and PF at AC Source bus Vs under short circuit (SC) fault.
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Fig. (21). The RMS V, I, P, Q, and PF at AC Load bus VL under short circuit (SC) fault.

B. Time scale 2 second and open circuit for 20ms and short circuit for 100ms

25 Source Voltage Source Power [P&Q]
2 I
Vs 2 P
T ol 4 3 Ql
a2
516 82 1
@ , s
® g 1
@ g
=3 a
&os =
3 G 0 8
> =
0 &£
1 j
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
Time (seconds) Time (seconds)
Source Current Source Power Factor
4 s 1 PF |
2 | :
So. 1
3 5 3 0.98
3 = 096 a
D2 0.94 1
: i
£, 1L 0.02 B
5 £ 0o 1
© &
0 088F -
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2

Offset=0 Time (seconds) Time (seconds)

Fig. 22. The RMS V, I, P, Q, and PF at AC Source bus Vs under short circuit (SC) fault.
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Fig. 23. The RMS V, I, P, Q, and PF at AC Load bus VL under short circuit (SC) fault.

second and open circuit for 0.63s and short circuit for 0.6s
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APENDIX A
Device Value
FACTS-GP Controller ¥p=10
Yo =0.75
Frequency fs=3700 Hz
Gains K1=K2=0.35
APENDIX B
3 phases, 2 poles
Utility Grid 11KV LL X/R ratio 10 MVA
Short Circuit 75-100 MVA
Transmission 500 KV (L-L), 8 km
Line
R1/km=0.01273 Q, R0/km=0.3864 Q
L1/km=0.9337mH, L0/km=4.1264 Mh
Cl/km=12.74e pF , CO0/km=7.751 pF
Base Power VS Bus 100 MVA
Base Power VL Bus 200 MVA
Transformer 11 kv/600v at 300-500 KVA
Frequency 3700 Hz
C.=275uF, C4=275F, C=275uF
MFCC
R=0.15Q, Li=3mH
30 MVA, 4 poles
Rs=0.01965pu,
Ls=0.0397 pu
Induction Motor
Hybrid Rr=0.01909pu,
AC Load Lr=0.0397 pu
Lm=1.354 pu
Linear Load P=3000 KW, Q=4 MVAr
Nonlinear Load 20 MVA, PF=0.85
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VII. CONCLUSION

The paper presented a new switched modulated capacitive filter compensation scheme for distribution/
residential systems using nonlinear, inrush loads. The SFC-PWM switched filter used a complementary switching
of two IGBT/ MOSFET to change action from tined arm -low pass filter to capacitive compensation. The SPWM-
pulse modulation is controlled online by a fuzzy logic multi regulation loop based on aggregate weighted loop
error weighted summation and configuration changes from capacitive compensation duty to power quality
harmonics reduction of voltage and current transients. Using the ow-cost capacitive Bank-Tuned Arm Filter,
(BTAF) dual functioning duties based on width module toon of online switching pulses controlled by the effective
fuzzy logic multi regulator-multi loop weighted controller based on the dynamic error and rate of error at each
control updating step improved the power quality performance of the system. The proposed SFC/MFCC filter is
validated using different loads like DC ARC load, Induction Motor inrush loads as well as common seal type load.
The SFC/MFCC filter is effective in enhancing energy utilization, reducing harmonic contents in voltages and
current at source and load buses while improving power factor at the source. The SFC/MFCC filter can be
extended to various energy efficient, power quality applications in DC-AC micro grids, renewable energy
utilization, motor drives, battery charging schemes. The dual arm - SPWM double function SFC filter tuned arm

and capacitive compensation is online controlled by a multi regulation fuzzy logic controller.

REFERENCES

[1] A.A. Abdelsalam, M.E. Desouki, A.M. Sharaf,” Power quality improvement using FACTS power filter compensation scheme’
International Journal. Electrical Systems Pages 73-83, 2013.

[2] A.A. Abdelsalam, A.M. Sharaf, A.A. Eldesouk, “Power quality enhancement in wind-grid interface based on dynamic filter
Compensator.” International Journal of Distributed Energy Resources and Smart Grids, ISSN 1614-7138, Volume 9 Number 4, 2013

[3] A.M. Sharaf, A.A. Abdelsalam, “A novel switched filter compensation scheme for power quality enhancement and loss reduction”
INSPEC Accession Number: 12116224 IEEE International Symposium on Innovations in Intelligent Systems and Applications, 2011.

[4] A. Bloul, A. Sharaf, M. El-Hawary, “An energy saving green plug device for nonlinear loads” IEEE International Conference,
Engineering IOP Conference Earth and Environmental Science, 2018.

[5] Mohammad Nurul Absar, Md Fokhrul Islam, Ashik Ahmed “Power quality improvement of a proposed grid-connected hybrid system
by load flow analysis using static VAR compensator,” Heliyon journal, 2023.

[6] A.A. Ghadimi, M. Gholami, M.R. Mive “Review of FACTS technologies and applications for accelerating penetration of wind energies
in the power system” Energy Science & Engineering Volume 11, Issue, Pages1819-2234, 2023.

[7] A.A. Dutta, M. Sabley, B.S. Sudama, A.N. Kadu, “Harmonic Compensation in Power system using active power filters,” International
Journal of Multidisciplinary and Current Research (IMCR) 2013.

[8] Walid G. Morsi, and M.E. El-Hawary,” new fuzzy-based representative quality power factor for no sinusoidal situations’ IEEE
Transactions on Power Delivery, vol. 23, no. 2, April 2008.

[9] Swarna Puyjitha, EPS, D. Gowtami “Enhancement of power quality by using modified power filter and compensator in grid network K.”
International Journal of Scientific & Technology Research volume 3, issue 8, August 2014.

[10] Hamed Aly and M. El-Hawary, “Small signal stability analysis of tidal in-stream turbine using DDPMSG with and without controller”
5th IEEE Annual Electrical Power and Energy Conference, Winnipeg, Canada, 2011.

[11] R. Betala “An innovative fuzzy fractional order controller for electric vehicle system for power factor improvement” International
Conference on Emerging Trends in Engineering & Technology- Signal and Information Processing (ICETET - SIP), 2023.

[12] R. Raja, L. Jones Nirmal, P.K. Mani, “Power quality enhancement using dynamic voltage restorer in distributed networks”, ICCES, 8th
International Conference on Communication and Electronics Systems, 2023.

[13] K.Y.W. HONG, "Experimental assessment of a tiny Al-empowered output filter parameter extraction framework for digital power, IEEE
Journal Article, Volume 11, 2023.

[14] Y. Xu, B. Zhou, W. Wei, L. Jiang “Evaluation method of energy storage control strategy for AC/DC hybrid system based on DC power
transfer influence factor”, the 6th International Conference on Energy, Electrical and Power Engineering, 2023.

[15] S. Benisha, J. Anitha Roseline, K. Murugesan, D. Lakshmi, G. Ezhilarasi, P. Muthukumar, "Enrichment in power quality using Power
Factor Correction Cuk converter fed BLDC Motor Drive”, 2023 9th International Conference on Electrical Energy Systems (ICEES),
2023.

[16] A. Busacca "Switching frequency effects on the efficiency and harmonic distortion in a three-phase five-level CHBMI Prototype with
Multicarrier PWM Schemes: Experimental Analysis “Journal/Energies,15,586. https://doi.org/10.3390/en15020586, 2022.

[17] W Miao, Y Yijun, S Lue, S Bo, H Haiyu, “Research on fast power flow calculation method for multiple faults based on double line
outage distribution factors” 2022 4th International Conference on Power and Energy Technology (ICPET), 2022.

[18] K Vinodhini, A. Sobiya, M. Gengaraj, M. Nanthini, M. Subashini, and L. Kalaivani, “Fuzzy logic controller based power factor correction
converter for industrial applications" (ICPET), International Conference on Artificial Intelligence and Smart Energy, 2022.

Copyright © 2023 1JEIR, All right reserved
88



International Journal of Engineering Innovation & Research
Volume 12, Issue 5, ISSN: 2277 — 5668

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]
[36]
[37]
[38]

[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]

[51]

[52]

[53]

R Patil, RT Ugale, “Comparative study of single-phase power factor correction topologies for electric vehicle battery charger based on
boost converter" IEEE Conference on Interdisciplinary Approaches in Technology and Management for Social Innovation (IATMSI),
2022.

KRS Vadivu, A Anbazhagan, P Abirami, and RH Laitha, “Analysis of different control techniques for improved power factor and reduced
THD on three level full bridge AC-DC Converter,” 2022 IEEE 19th India Council International Conference (INDICON), 2022.

L. Sarker “Harmonics reduction and power factor correction for electric vehicle charging system” IEEE Innovations in Power and
Advanced Computing Technologies (I-PACT), 978-1-6654-2691-6/21,2021.

M. Boutoubat “Grid connected WECS control for power production and power factor correction.” IEEE 978-1-7281-5835-8/20,
Engineering IEEE, 1st International Conference on Communications, Control Systems and Signal Processing (CCSSP), 2020.

I.S. Mohamed “A neural-network-based model predictive control of three-phase inverter with an output LC filter”, IEEE Journal Article,
Volume 7, Digital Object Identifier10.1109/ACCESS, 2019.

A.Y. Solanki, and S.R. Vyas, “A review on power quality enhancement using custom power devices,” International Research Journal of
Engineering and Technology, vol. 8, no. 2, pp. 287-90, 2021.

A.M. Bloul; A M. Sharaf; H.M. Mosbah; M.E. El-Hawary, “A robust fuzzy logic controller for a green plug-switched filter for nonlinear
loads” IEEE International Canadian Conference on Electrical and Computer Engineering (CCECE),2015.

A.M. Sharaf, H. Huang, and L. Chang, “Power quality and nonlinear load voltage stabilization using error driven switched passive power
filter,” IEEE Proc. on International Symposium on Industrial Electronics, pp. 616-621, 1995.

F. Nejabatkhah, Y. Li, H Tian, “Power quality control of smart hybrid AC/DC Microgrids: An Overview”, IEEE conference. Translations
and content mining, 2169-3536, 2019.

A M. Sharaf, F. H. Gandoman, "A Flexible Facts Based Scheme for Smart Grid-PV-Battery Storage Systems," International Journal of
Distributed Energy Resources, vol. 10, no. 4, pp. 261-271,2014.

P.A. Desale, V.J. Dhawale, and R. M. Bandgar, "Brief review paper on the custom power devices for power quality improvement,"
International Journal of Electronic and Electrical Engineering, vol. 7, no, 7, 2014.

S.D. Nuran, Y. Ismail, H. Atlas, A. M. Sharaf "A Novel FACTS based on modulated power filter compensator for wind-grid energy
systems” 978-1,IEEE 5th International Symposium on Power Electronics for Distributed Generation Systems (PEDG), 2014.

S. Arulselvi, G. Uma, ‘Real-time implementation of modified fuzzy logic controller for a non-linear quasi-resonant dc-dc converter’,
IETE Journal of Research, Vol. 53, No.5, pp.401-416. 2014

Petr Frgal, “Average Current Mode Interleaved PFC Control, Application Note”, Rev. 0, 02/2016

Review of FACTS technologies and applications for power quality in smart grids with renewable energy systems. Renewable and
Sustainable Energy Reviews Pages 502-514,Volume 82, Part 1, February 2018.

A. Sharaf and R. Chhetri, A novel dynamic capacitor compensator/green plug scheme for 3Phase-4Wire Utilization Loads,” in IEEE
Canadian Conference on Electrical and Computer Engineering (CCECE'06), pp. 454-459, 2006

A. Sharaf, “A facts based dynamic capacitor scheme for voltage compensation and power quality enhancement,” in Industrial Electro- -
nics, 2006 IEEE International Symposium on, vol. 2, 2006.

F.H. Gandoman, A. Ahmadi, A.M. Sharaf, P. Siano, J. Pou, B. Hredzak, and V.G. Agelidis, “Review of FACTS technologies and
applications for power quality in smart grids with renewable energy systems,” Renewable and sustainable energy reviews, vol. 82, pp.
502-14, 2018.

A. Nur Azlina “’Fuzzy Logic Controller for Controlling DC Motor Speed using MATLAB Applications’ Power System, 2008.

M. Narimani, G. Moschopoulos, “A three level integrated AC-DC converter,” IEEE Trans. On Power Electron., Vol.29, No.4, pp. 1813-
1820, Apr.2014.

Hamed H. Aly “Intelligent optimized deep learning hybrid models of neuro wavelet, Fourier Series and Recurrent Kalman Filter for tidal
currents constitutions forecasting” Journal of Ocean Engineering, Volume 218, 2020. https://doi.org/10.1016/j.oceaneng.2020.10

8254

Hamed H. Aly “Dynamic modeling and control of the tidal current turbine using DFIG and DDPMSG for power system stability
analysis”, International Journal of Electrical Power & Energy Systems, Vol 83, pages 525-540, 2016. https://doi.org/10.1016/j.ijepes.2
016.03.055

Hamed H. Aly “A hybrid optimized model of Adaptive Neuro-Fuzzy Inference System, Recurrent Kalman Filter and Neuro-Wavelet for
Wind Power Forecasting Driven by DFIG” International Journal of Energy, 2022.

Hamed H H Aly “A novel approach for harmonics tidal currents constitutions forecasting using hybrid intelligent models based on
clustering methodologies” Journal of Renewable energy. 2020, vol 147 page 1554-1564. https://doi.org/10.1016/j.renene.2019.09.107
Hamed Aly, “Forecasting, Modeling and control of tidal currents electrical energy systems” Ph.D. dissertation, Department of Electrical
and Computer Engineering, Dalhousie University, Halifax, N.S., 2012.

Hamed H.H. Aly, “An intelligent hybrid model of neuro Wavelet, time series and Recurrent Kalman Filter for wind speed forecasting”
Journal of Sustainable Energy Technologies and Assessments vol 41, 2020. https://doi.org/10.1016/j.seta.2020.100802

Hamed H. Aly “A novel deep learning intelligent clustered hybrid models for wind speed and power forecasting” Journal of Energy, Vol
213,2020. https://doi.org/10.1016/j.energy.2020.118773

O.P. Mahela, and A.G. Shaik, “Topological aspects of power quality improvement techniques: A comprehensive overview,” Renewable
and Sustainable Energy Reviews, vol. 58, pp.1129-42, 2016.

E. Ozkop, A M. Sharaf and 1. H. Altas. "An Intelligent self-adjustable FACTS device for distribution system," International Journal of
Power Engineering & Green Technology, vol. 2, no. I, pp. 11-26,2011.

E. Elbakush, A. M. Sharaf, R. Cakmak “’A Novel Fuzzy Logic Control Scheme for FACS-Based Switched Filter Compensation’
International Journal of Engineering Innovation & Research Volume 3, Issue 2, ISSN: 2277 — 5668, 2014.

D. Yang, X. Wang, and F. Blaabjerg, “Sideband harmonic instability of paralleled inverters with asynchronous carriers,” IEEE Trans.
Power Electron., vol. 33, no. 6, pp. 4571-4577, Jun. 2018.

Sharaf, C. Guo, and H. Huang, “Distribution/utilization system voltage stabilization and power quality enhancement using intelligent
smart filter,” UPEC95, 1995.

F.H. Gandoman, A. Ahmadi, A. M. Sharaf, P. Siano, J. Pou, B. Hredzak, and V. G. Agelidis, “Review of FACTS technologies and
applications for power quality in smart grids with renewable energy systems,” Renewable and sustainable energy reviews, vol. 82, pp.
502-14, 2018.

T. Wu, G. Bao, Y. Chen, and J. Shang, “A review for control strategies in microgrid,” in Proc. 37th Chin. Control Conf., Jul. 2018, pp.
30-35.

P. Ge et al., “Extended-state-observer-based distributed robust secondary voltage and frequency control for an autonomous microgrid,”
IEEE Trans. Sustain. Energy, vol. 11, no. 1, pp. 195-205, Jan. 2020.

Copyright © 2023 1JEIR, All right reserved
89



International Journal of Engineering Innovation & Research
Volume 12, Issue 5, ISSN: 2277 — 5668

[54] J. Rocabert, A. Luna, F. Blaabjerg, and P. Rodrguez, “Control of power converters in AC microgrids,” IEEE Trans. Power Electron., vol.
27, no. 11, pp. 47344749, Nov. 2012.

[55] H. Fujita, Yamasaki, and H. Akagi, “A hybrid active filter for damping of harmonic resonance in industrial power systems,” Power
Electronics, IEEE Transactions on, vol. 15, no. 2, pp. 215-222, 2000.

[56] Mahdi M EI-Arini, MT Youssef, Hamed H Hendawy" Voltage sag analysis and its reduction to improve power system performance"
IEEE Eleventh International Middle East Power Systems Conference, 2006.

[57] M. Rastogi, N. Mohan, and A Edris, "Hybrid active filtering of harmonic currents in power systems," IEEE Trans. On Power Delivery,
vol. 10, no. 4, pp. 1994-2000,2005.

[58] A. Sharafand G. Wang, “Wind energy system voltage and energy enhancement using low-cost dynamic capacitor compensation scheme,”
in Proceedings of the IEEE International Conference on Electrical, Electronic and Computer Engineering, 2004, pp. 804-807.

[59] A A Abdelsalam, H. A Gabbar, Adel M. Sharaf, “Performance enhancement of hybrid AC/DC microgrid based D-FACTS,” International
Journal of Electrical Power & Energy Systems., vol. 63, pp. 382-393,2014.

[60] LH. Altas and A.M. Sharaf, “A generalized direct approach for designing fuzzy logic controllers in matlab/simulink GUI environment”,
International Journal of Information Technology and Intelligent Computing, Int. J. IT&IC no. 4 vol. 1, 2007.

AUTHOR’S PROFILE

First Author

A.M. Bloul, (Student Member, IEEE) received his B.Sc. degree in electrical and electronic engineering from Faculty of

Electronic Engineering, Nasser University-Bani-Walid, Libya 1992. He received M.Sc. in 2003. Degree in electrical

engineering from University Kabankalan Malaysia, UKM. He received the M.E Degree in Electrical Engineering,

Distinction from University of Denver, Colorado, USA, 2011. And he is currently a Ph.D. Candidate at Dalhousie
University. In 2010 he published some papers at SPIE at San Diego California, USA. He has few papers at IEEE. His

areas of interests are in power system state estimation, control system and Renewable Energy.

Second Author
A.M. Sharaf, obtained his B.Sc. degree in Electrical Engineering from Cairo University in 1971. He completed an MSc
degree in Electrical engineering in 1976 and Ph. D. degree in 1979 from the University of Manitoba, Canada and was
employed by Manitoba Hydro as Special Studies Engineer, responsible for engineering and economic feasibility studies
in Electrical Distribution System Planning and Expansion. Dr. Sharaf was selected as NSERC-Canada Research-

'. Assistant Professor in 1980 at University of Manitoba. He joined the University of New Brunswick in 1981 to start a
. tenure-track academic career as an Assistant professor and he was promoted to Associate Professor in 1983, awarded ten-
-ure in 1986, and the full professorship in 1987. Dr. Sharaf has extensive industrial and consulting experience with Electric Utilities in
Canada and Abroad. He authored and co-authored/co-edited one book plus 15 Book chapters, over 785 Scholarly Technical Journal, Referred
Conference Papers, and Engineering Reports. Dr. Sharaf holds several US and International Patents (Pending) in electric energy, electro-
technology, and environmental devices. He supervised over (57) Graduate Ph.D., Master students.

Third Author
H.H. ALY, (Senior Member, IEEE) received the B.Eng. and M.A.Sc. degrees (Hons.) in electrical engineering from
1 Zagazig University, Egypt, in 1999 and 2005, respectively, and the Ph.D. degree from Dalhousie University, Canada, in
2012. For one year, he was a Postdoctoral Research Associate with Dalhousie University, where he was an instructor for
three years. He was also an Assistant Professor with Acadia University for three years. He is currently an Assistant
Professor with Dalhousie University. His research interests include micro grids, smart grids, distributed generation,
power quality issues, applications of artificial intelligence in power systems, energy management, green energy, and opti-

-mization.

Fourth Author
J. Gu, (Senior Member, IEEE) received the bachelor’s degree in electrical engineering and information science from the
University of Science and Technology of China, in 1992, the master’s degree in biomedical engineering from Shanghai.
Jiao Tong University, in 1995, and the Ph.D. degree from the University of Alberta, Canada, in 2001. He is currently a Full
Professor of electrical and computer engineering with Dalhousie University, Canada. He is also a Cross-Appointed
Professor with the School of Biomedical Engineering for his multidisciplinary research work. He has over 19 years of
research and teaching experience and has authored over 260 conference papers and articles. His research interests include.
robotics, biomedical engineering, rehabilitation engineering, neural networks, and control. He is a Fellow of the Engineering Institute of
Canada. He has been an Associate Editor of the Journal of Control and Intelligent Systems, Transactions on CSME, IEEE transaction on
mechatronics, International Journal of Robotics and Automation, Unmanned Systems, Journal of Engineering and Emerging Technologi- -
es, and IEEE Access.

Copyright © 2023 1JEIR, All right reserved
90



