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loads, results in increased line currents, heightened
, power losses, and significant voltage drops, hence
power factor correction; energy . L . .
_ reducing system reliability and inflating energy costs.
losses; energy efficiency. . _ )
To address this, power factor correction techniques are
typically employed, mostly including the integration

of capacitive loads to counteract inductive effects.

This study investigates the development of a three-phase power factor correction panel
utilizing an ideal methodology to achieve designated power factor levels. The primary objective
of this study is to develop a three-phase automatic power factor correction system that employs
an optimization method to determine the optimal capacitor combination to improve the power
factor to a reference-defined level. The general modified optimization method reduces the
operation of switching contactors by a minimum of four times, up to the third dynamic power
factor correction, compared to the staged approach (which entails checks and adjustments).
Additionally, it reduces transients by the implementation of different operational strategies for
the insertion or removal of capacitors, hence improving accuracy and stability while maintaining

both within acceptable parameters.
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1. INTRODUCTION

Energy is the driving force behind various aspects of life today, with the demand for electrical
power increasing day by day to meet the growing needs [1-3]. Therefore, there is a great effort
been taken to have an alternative sustainable source [4-8]. Additionally, a lot of work has been
done to increase the quality and optimize energy use. By measuring each appliance’s energy use,
consumers can optimize their energy use by taking the necessary actions [9-11].

Power quality issues have gained significant relevance, particularly with power factor, unbalanced
current, voltage drop, and other factors that negatively influence the performance and efficiency
of electrical systems [12, 13]. In both industry and domestic applications, the majority of loads are
inductive loads in nature that are being used [14, 15]. As a result, the use of these inductive loads
is main reason for low power factor in power system [16, 17]. Consequently, there emerged a
necessity to devise a system for the automatic enhancement of power factor [18, 19]. A low power
factor imposes an unneeded strain on the power system and transmission lines [20]. Enhancing
the power factor of a power system automatically might increase its efficiency [21, 22].

The power factor is the ratio of kilowatts (KW) to kilovolt-amperes (KVA) consumed by an
electrical load, where KW represents the actual load power and KVA denotes the perceived load
power. This metric assesses the efficacy of current conversion into productive work output and
serves as a reliable indicator of the impact of load current on the efficiency of the supply system.
Power factor adjustment is accomplished by incorporating capacitors in parallel with the motor
circuits, which can be implemented at the starting or at the switchboard or distribution panel.
The resultant capacitive current is a leading current utilized to counteract the lagging inductive
current emanating from the source [23-26].

The correction of the power factor will diminish power line losses, enhance system and device
efficiency, decrease voltage drop, minimize conductor and cable dimensions, thereby reducing
copper costs, facilitate the appropriate sizing of electrical machines such as transformers and
generators, eliminate penalties for low power factor imposed by electric supply companies, yield
savings on power bills, optimize the utilization of power systems, lines, and generators, and
ultimately lower the ratings and costs of electrical devices and equipment [27-30].
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The world is increasingly relying on renewable energy sources of varying types in response to
climate change and the rise in carbon emissions that are a consequence of the use of traditional
energy sources [31-37]. This transformation requires the existence of a network that is capable of
assimilating the diverse and ever-changing quantity of energy sources [38, 39]. The power factor
is a critical factor for electricity suppliers in the context of renewable energy, and it is receiving
heightened attention, particularly when networks are connected to renewable energy sources [40,
41]. Power Factor Correction (PFC) techniques are essential in renewable energy applications
to ensure that the generated power is delivered efficiently and with the fewest potential losses.
PEC systems contribute to the stability of the grid, enhance the compatibility of renewable
energy sources with the existing grid infrastructure, and decrease harmonic distortions and
power factor [42]. These factors, in turn, result in more sustainable and stable energy delivery.
Consequently, the integration of sophisticated PFC strategies is a critical factor in the widespread
and efficient adoption of renewable energy technologies. The high-power factor helps achieve a
safe and sustainable energy source that is free of any interruptions in the electrical power supply
by reducing losses in the electricity networks and improving its efficacy.

Asshown in Figure 1, the overall general flow of the purposed system for power factor correction is
presented. System input and outputs are clarified, where the microcontroller severs as an interface
platform for the captured values from the sensors and activates the output relays modules based
on the outcomes from the Matlab/Simulink proposed model.
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I_\m_, Arduino Mega 2560
— Sensing 7] o

Circuit

Phase [
Detector

1]

Signal-3 1 Relay Circuit

Comtactors

.
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<

Figure 1: Purposed system general flow.

2. METHODOLOGY

In this study, a simulation will be developed in MATLAB to ascertain the most effective capacitor
configuration for achieving the intended power factor. Additionally, phase, current, and voltage
measurements will be implemented to mitigate variations during capacitor switching and resolve
prevalent contactor switching issues.

The overall block diagram is split into two parts; the first part is the MATLAB Simulink software
with Arduino support package which is presented in (Figure 1). The Simulink diagram consists
of voltage, current, and phase measurement blocks as it is responsible for the connection process
with the Simulink program with Arduino mega. The captured measurements are required for
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optimization algorithm to determine the optimum combination of capacitors to improve the
power factor to a predetermined value. In addition, the optimization algorithm used to determine
the optimal combination and best (connect/disconnect) sequence to mitigate variations during
capacitor switching. The second part of this investigation consists of actual measurements sensors
with assistance of current transformers, voltage transformers, and phase detecting circuits. These
sensors are used in order to measure line values immediately prior to and following correction.
The measurement data are then sent to a microcontroller, which in turn passes it to the Simulink
to make the decision through the optimization algorithm. After that the decision is returned
through the controller to the separation devices (relays module), which give the command to the
contactor to disconnect or connect the capacitors stages. To calculate the required capacitance,
Figure 2 shows the measurement of voltage, current and phase shift for each phase. From these
values the active power (P) is then calculated by formula (1):
P=V, xIxcosgo (1)

Veltage measurement from Arduine
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Figure 2: MATLAB simulink optimal solution model.

To determine the required capacitance the Microcontroller calculates the capacitive power (Qc)
necessary to improve the power factor of the three phase to 0.92 (PFr) by using the formula (2):

Oc=00-0r =P(tan(¢0)—tan(¢r)) (2)

Where: (Qc) is the required capacitive power, (Qo) is the reactive power when PF=PFo, (Qr) is
the reactive power when PF=PFr.

And then the value of the three capacitors can be computed by the formula (3):
c.10°( uF
o 0e10° (uF)
3wy’

Where: C: is the required capacitive value, V: is the voltage, W: is 2rt x frequency.

(3)

2.1. Improvement techniques for PFC

2.1.1. Check and modify method

At the beginning, the common way to improve the power factor value in power system is (check
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and modify), the principle in sequence operations of the stages -adding or removing capacitor
stage- based on compare with current power factor value only as shown in Figure 3.

’ getting the PF by a
/ time differnce /
/  algorithm (fen-1) /

L /

—
¥ \\\_\ ac
%PFr e
\\ _—

./I-

~— -

"

Figure 3: General (check and modity) algorithm.

It is clear that this algorithm performs several erroneous experiments before reaching the
acceptable result, because it deals with the current value of the power factor and can’t predict
what the value will be before the response process. This gives it a lot of weaknesses compared
with the algorithm based on the optimal solution as will be discussed in the next section.
2.1.2. Optimal solution method

The initial stage is to identify the optimal solution, as illustrated in Figure 4.

The Optimal Power Factor
Tmprovement Algorithm

Stage 1: Calculate the Optimal
Capacitor Combination

Stage 2: Select the Best
Connection/Disconnection
Capacitor Sequence

l !

From Low to High Sequence From High to Low Sequence Smart Sequence

Figure 4: Identify optimal solution process.
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Subsequently, the optimal sequence for achieving the desired power factor value is determined
which is very important to avoid switching related issues and reduce the number of contactor
switching times. In the optimal solution algorithm, as illustrated in Figure 5, the focus is on
all the quantities of the power system such as voltages and currents. Then, these quantities are
used enter in the power equations to find the apparent power which composed from the real
and reactive power in addition to determining the value of the power factor. Then calculate the
value of the exact theoretical capacitance capable of adjusting the value of the power factor to the
required value.

Setting PFr=0.92

ol @
Ll -

Y

reading input signal from /
all sensors for power
system /

Y

Processing all input signals to
detect voltage, current and
PF

qpf—r 2 ~ )

. /
/" Apply the optimal sohution / n
/ by the digital output signals / Y
[ty o / Calculations of P, VAR, and
/ . ! capacitance(C) to make PF=PFr

based on formula 1. 2. and 3

L J

Selecting the best combination by
the available capacitor values

; Y

Selection the best sequence
operation algorithm

(low to high, high to low, and
smart algorithm)

Figure 5: Optimal solution algorithm.

It is common for the theoretical value to not be available with the necessary accuracy due to the
practical values of capacitors. Consequently, the subsequent step is to determine the optimal
combination of available capacitors to achieve the closest target value. And because there must be
time differences between the connection or disconnection of capacitors from the load bus and to
ensure the highest level of stability, different algorithms developed for operation techniques that
are capable of determining the optimal sequence in which to employ the chosen solution.
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3. SYSTEM DESIGN

For the purpose of effectively simulating the algorithms, the power optimization system that has
been proposed needs to be constructed in an integrated manner. As depicted in Figure 6, the
input and output devices were constructed and attached to the microcontroller. Each device was
connected to the microcontroller in its designated location.

3y

TITTTITITITTINTIT IHH‘II-I- Izl“ll“ll

Figure 6: Schematic design & measurement.

3.1. Arduino Microcontroller

The purposed design involves a microcontroller that is capable of operating at a high level of
efficiency due to the substantial volume of data that requires processing and decision-making.
Therefore, the “Arduino Mega” is employed due to its high number of analog pins and the
aforementioned specifications, which provide greater flexibility in the event of pin damage. Its
primary function is to obtain the various readings from the voltage and current sensors, calculate
the phase shift angle, and process the data. This information is then incorporated into the various
power equations to determine the capacitance value necessary to enhance the power factor
to the desired level. The Arduino Mega 2560 is a microcontroller board that is based on the
ATmega2560.

3.2. Measurement components

The focus will be on measurement devices used to calculate electrical quantities, such as voltages,
currents and phase shift angle. All of these quantities are sent to the microcontroller which it
processing them and finding different power types, as active, reactive and apparent power.

3.2.1. Current measurement

This circuit is designed to amplify the wave applied to the Burden resistor, which is directly
proportional to the current value, because the conversion rate in the current transformer ‘SCT013
is 100 - 0.050A, and the applied voltages will be very small at the low values of current as shown
in (Figure 7a). The outcome wave will be sent to the comparator circuit for phase measurement.
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Figure 7: (a) current transformer, (b) Amplification circuit on 2.5 volts dc level.

This circuit is designed to amplify and add 2.5 volts as a DC level on the wave applied to the
Burden resistor as shown in (Figure 7b), because this outcome wave will send to analog input pin
in microcontroller, and the analog pin will not recognize on negative side of sensor wave.

3.2.2. Voltage measurement

The sensor ZMPT101B module has a high ability to isolate the high voltage side from the small
voltage side, the sensor measures the input voltage of 0 - 250 volts AC and converts it to a voltage
output of 0 - 5 volts AC raised at the level of 2.5 DC voltage. So, we can directly send the resulting
wave to the analog input of the microcontroller without negative side, small voltage is directly
proportional to the voltage in the high side. The ZMPT101B sensor module is illustrated as in
Figure 8.

& E

Figure 8: Voltage sensor ZMPT101B connection.

3.2.3. Voltage phase measurement

The main objective of this circuit design is to obtain the true voltage waveform with reduction the
value of the wave to a small value to be within the limits of reading the comparator circuit as shown
in Figure 9. The outcome wave will be sent to the comparator circuit for phase measurement.

o
iz

® T Fx il
o L otephwmememeny N\
oy ) __-i 7

Figure 9: Voltage divider technique with voltage transformer.

3.2.4. Determine phase shift angle

In the circuit shown in Figure 10 there is a XOR’ logical gate, which calculates the difference
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between two logical signals in the form of giving two logical level ‘1’ and ‘0’ from comparator
circuit.

Figure 10: Comparator circuits with XOR logical gate.

The logic value 1 is given when the two incoming waves are different, so the time given to this
value will be 5V, which expresses the time difference between the voltage and current wave. This
signal will be sent to the input digital pin in the microcontroller to calculate this time based on
an algorithm that designed specifically for it.

3.2.5. Phase detector algorithm

This algorithm uses the XOR output pulse signal which is received from the digital pin of the
microcontroller to determine the angle between voltage and current which is used to calculate
the power factor value as shown in Figure 11.

[ Start ]
-

/ Reading input
pulse signal from
XOR gate

1s logie
level =17

ves L

I Mi-time ]

!

(-

I Reading input
/ pulse signal from
/ XOR gate

'

Is logic
level =07

ves |

M2 =time

Angle—({D{mspx360)20m

Figure 11: Phase detector algorithm.
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3.3. Relay module

This item is used for the digital output process that follows the solution imposed by the
microcontroller. This tool is able to separate the small control voltages 5V DC from the Arduino
and the large control voltages 230V AC used to activate the contactors. (Figure 12) shows a
structure of relay module. This module contains 8 channels of the main relay unit with protection
elements.

Figure 12: The Relay module.

3.4. Contactors

The three-phase contactors are shown in (Figure 13) is for control the three-phase capacitors
removal or addition of loads attached to its contacts through an activation signal 230V AC from
the relay model which was explained previously.

1 3 5 Atvaliagy contacts

Maun copitacts

Capacinve load

Figure 13: Contactors 230 V AC activation signal.

This device consists of three main contacts normally open, and three auxiliary contacts that follow
the main contacts movement during interruption and connection. These contacts are designed to
withstand small wire resistors.

3.5. Capacitors

L, Lo Ls
= c (=
R R R

Figure 14: Delta capacitors connection with discharging resistors.

The main function of this electrical component is to compensate value of reactive power.
When connected to the electrical grid, it will provide a reactive power value, which improves

83 Solar Energy and Sustainable Development, Volume (14) - No (2). December 2025



Development of an Optimal Control Strategy of Three Phase Power Factor Correction System.

the power factor value. To be ready to connect with the three-phase electric grid, we make a
configuration as shown in (Figure 14).

When the contactor interrupts a capacitor during operation, the capacitor will be carrying a
high value of voltage on its terminals. It will take relatively long time to be discharged before the
second connection, which may cause a dangerous electrical spark affecting on the system parts
such as the contactor. So, we can use a discharge resistor as shown in (Figure 15) to speed up the
discharge process within a few seconds.

Von
capacitor
Vo -

0+— — —
0 t=RC 2t 3r 41 t

Figure 15: Capacitor discharging behavior through discharging resistor.

Assuming that the applied value of the voltage was 400 volts after interruption, we will track the
voltage change over time when adding 100kQ) (2W) as a discharge resistor: the results will be as
shown in (Table 1)

Table 1: Discharging 400 volts after interruption.
1Tt 21 3t 47 5t
| Any pF value 147.12V | 5412V [19.88V | 7.32V | 269V

And the maximum value of capacitance in this project is 16 uF, so the maximum value of T is 1.6
second, and the full discharge time is 8 second.

3.6. Three phase AC power supply

The three phase AC power supply shown as in Figure 16. It is composed of a three-phase
transformer voltage which has conversion rate of 1:1. It provides the system with a three-phase
power source. The primary advantage of its utilization is to offer electromagnetic insulation for
the principal electrical grid.

Figure 16: Three phase AC power supply.

3.7 Static load

Thislaboratory device shown in (Figure 17) is used to replace the inductive loads with an additional
active power value, depending on the sets of resistors and inductors whose value is controlled by
the user without need to use a real motor as example. The resistor box consists of three phase each
phase has 3 loads (R1=180€2, R2=360(), R3=72002) and the inductive load also has three phase
loads each one has (L1=570mH, L2=1140mH, L3=2280mH). For example, for load (R1 L1 L3)
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this mean the resistive load set to (R1=1800), R1=1802, R1=180(2) and connected parallel with
inductive load (570mH//2280mH, 570mH//2280mH, 570mH//2280mH).

Figure 17: Static load.

As shown in Figure 18, the overall assembled power factor system is realized. The assembly was
made on illustrated board to be suitable for lab educational purposes.

Figure 18: The overall developed PFC system.

4. ALGORITHMS FOR PROCESSING

4.1. Getting the best Combination

After reaching the theoretical capacitance value which capable of improving the power factor
to the required value. The principle of this process is selecting the best combination of available
capacitor stages to obtain the nearest practical value to the calculated theoretical value as the
power system equations outcomes (Figure 19).

4.2. Operation Techniques (to determine the best sequence)

All the algorithms used in operation techniques (sequence) that are capable of activating or
deactivating of capacitor stages selected according to the previous selecting algorithm, all these
algorithms depend on operation state of previous case as a starting point for the next case (see
Figure 20).
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end

Figure 19: Getting optimal combination algorithm.

Gtage 1) GtageZ) stage 3 )

Figure 20: Available capacitor stages.

A. Comparison with Previous Case (from low to high):

In this algorithm the sequence operation of the stages based on finding the least difference in
any activating or deactivating process compared to the previous value or from smallest to largest
capacitor value, whether activating or deactivating process (Figure 21).

stage 1 .:stage 2 jstage 3 -,I

( stage 1/) 'istage 2 / istage 3)

Gtage 1} Gtage 2) :_;tage 3

Gtage 1) Gtage 2) Gtage QD

Figure 21: Low to high sequence algorithm.

B. Descending (from high to low):
In this algorithm the sequence operation of the stages from largest to smallest capacitor value,
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whether activating or deactivating process (Figure 22).

-, - -, —_ - :

.,

Zf}.tage 1) If_\stage 2/] i'f\stage 3
f\;tage i [:;tage £I (stage3 )
Zf:gtage Z_l;' (stage2 | (stage3 )
@tage 1) Gtage 2) @tage SW

Figure 22: High to low sequence algorithm.

C. Comparison with Subsequent Case (smart algorithm):

getting the state all of
the stages array from
selection algorithm
A |

determining all of the
operations which the system
will be adding or removing
[

4

computing the difference
between the reguired value and
all possible values if added
or removed, each case
separately

1

selection the stage
which has a minimum
difference except the
last selected stage

'

setting selected stage = 0

setting not selected stage = 1

1

n = number of available
stages and i = n

stage state = 1 test state of the stage state = 0

stage array, and
make (n-i)

is PF will be over
limited PF when
active this stage ?

deactivation

the capacitor

stage by relay
module

activation the
capacitor stage by

n a
e relay module

Figure 23: Smart algorithm.

In this proposed algorithm (Figure 23) the sequence operation of the stages based on finding the
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least difference in any activating or deactivating process compared to the subsequent value (it
will be apply).

This algorithm is always able to stay close to the target value during processing until reaching the
final value. Moreover, this algorithm is characterized by its ability not to reach over-correction
case during processing for applying the target capacitance value by adding a question before
the activation process for any value of capacitor stage that was chosen according to the basic
principle of this algorithm.

5. RESULTS AND DISCUSSIONS

In this section, a case study is analyzed to examine the proposed optimal solution algorithm and
illustrate the results of power factor correction experiments which applied on the laboratory load.
Suppose that [R1, R2, R3] is the resistive part of the load and [L1, L2, L3] is the inductive part.
(Table 2) and (Table 3) shows the measurements on three phase user line before and after power
factor correction with delta connected capacitors for [R1, L1, L2]:

Table 2: Before power factor correction (BPFC).

Voltage (v) Current (A) Reactive Active power | Power factor Required Required
power (VAR) (w) VAR Micro farad
413 1.09 711.19 319.7 0.41 575 3.58

Table 3: After power factor correction (APFC).

Voltage (v) Current (A) Reactive power Active power (w) Power factor
(VAR)
412 0.49 133 322.6 0.925

Table 4 illustrates the measured performance of the proposed power factor correction (PFC)
system for various load combinations.

The table compares the power factor before (BPFC) and after (APFC) correction, the associated
reactive power (VAR), and the requisite capacitance (uF) to achieve the desired improvement in
each case.

The results illustrate the effectiveness of the optimal capacitor selection and control strategy by
exhibiting a substantial increase in power factor across all load scenarios, as well as a substantial
decrease in reactive power.

Table 4: Measurements for various combination of load.

Load VAR VAR 03 VAR PF PF
combination BPFC required required APFC BPFC APFC
R1L1L3 1127.1 1018.74 6.15 126.1 0.22 0.915
R2L11L2 710 477.2 3 243 0.61 0.981
R2L1L3 1175 920.6 5.79 271 0.44 0.91
R3L1L2 649.6 203.1 1.23 485.8 0.85 0.91
R1R2121L3 1432 1107 6.78 382 0.47 0.91

As illustrated in Figure 24, an illustrative plotted chart that displays both the improvement in
power factor (represented by bars) and the reduction in reactive power (represented by lines) for
each load combination in Table 4 is presented.
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Power Factor and Reactive Power for Different Load Combinations
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Figure 24: Combination of loads power factor and reactive power.

Relay module consists of 8 channels (the expression Ch1 related to “channel 1” and so on). Each
channel sends activation signal to contactor which connected to delta connected capacitors.
(Table 5) shows the number of module channel and the corresponding value of capacitor:

Table 5: Values of available capacitor stages.

Number of module | Value of capacitor
channel (uF)
1 1
2 2
3 4
4 8
5 16

In practical applications of industry, the loads of factory changing from period of time to another
in the same day according to required load to complete the tasks in each period. So that the
power factor correction system must be capable to improve the power factor for a dynamic load.
(Table 6) shows the first scenario of changing the combination of the laboratory load at three
different times which requires three power factor correction operations. Moreover, it illustrates
the decision of microcontroller and basic measurement in each combination.

Table 6: First scenario of changing load.

Load PF uF VAR Decision | Number of PFC | PF after PFC
required | required operation
R1R2L112 0.74 2.3 375.4 Ch2 on 1 0.910
R1R2L1121L3 0.55 5.92 939.9 Ch2 oft 2 0.909
Ch4 on
R2L112L3 0.83 0.98 155.4 Chl on 3 0.901
Ch4 stay

The sequence of inserting or removing capacitors may based on four different operation technique
mentioned before, (Table 7) shows the sequence until the third correction for the previous
scenario. Note that PFCI represent the first power factor correction and so on.
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Table 7: Sequence until the third correction for the first scenario.

Operation technique PFC1 PEC2 PFC3
From low to high Ch2 on Ch2 off Chl on
Ch4 on Ch4 stay on
From high to low Ch2 on Ch4 on Ch4 stay on
Ch2 oft Chl on
Smart algorithm Ch2 on Ch4 on Ch4 stay on
Ch2 oft Chlon
Check and modify Chlon Chl on Chlon
Ch2 on Ch2 stay on Ch4 stay on
Chl oft Ch3 on
Ch4 on
Chl oft
Ch2 oft
Ch3 oft

(Table 8) illustrate a comparison between the first three operations algorithm and the common
way (check and modify algorithm) in number of contactor switching for the previous scenario:

Table 8: Number of contactors switching for the first scenario.

Operations algorithm The first three operations Check and modify
algorithm algorithm
Number of contactor switching 4 10

5.1. Refer to previous scenario:

For the first power factor correction operation (PFC1), there is one action which is switching
on channel 2, thus, there is no difference between applying any one of the first three operation
algorithms.

For the second power factor correction operation (PFC2), “from high to low” and “smart”
operations have the same decision which is switching channel 4 on then switch channel 2 off.
This is absolutely better than “from low to high” operation which switch channel 2 oft then switch
channel 4 on. For the third power factor correction (PFC3), there is no difference in the four
operations because there is one action.

Table 9 shows the power factor correction (PFC) system’s operation in the second scenario of
changing load conditions.

The findings show that the controller efhiciently enhanced power factor by connecting/
disconnecting capacitors in response to load demands. The system consistently operates steadily
and effectively, achieving a post-correction PF of 0.90 or higher.

The system’s flexibility in choosing the best capacitor banks demonstrated that the number of
PFC operations varies based on the load combination.

Furthermore, the system can compensate for excess reactive power (negative VAR) in specific
scenarios, like the third case, avoiding overcorrection. Overall, the proposed strategy in
maintaining acceptable power factor levels under fluctuating load scenarios.
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Table 9: Second scenario of changing load.

Load PF uF VAR Decision | Number of PFC | PF after PFC
required | required operation

R1R2 0.57 5.14 822.4 Chl on 1 0.903
L1L3 Ch3 on
R1R2 0.71 3.05 787.4 Ch1 off 2 0.904
L11L2L3 Ch3 off

Ch4 on
R3 R2 0.90 -1.73 -275 Ch2 on 3 0.916
L112L3 Ch3 on

Ch4 oft

(Table 10) shows the sequence of inserting and removing capacitors for the second scenario for
various operation technique until the third correction for the second scenario.

Table 10: Sequence until the third correction for the second scenario.

Operation technique PEC1 PFC2 PFC3

From low to high Chlon Chl off Ch2on
Ch3 on Ch3 off Ch3 on

Ch4 on Ch4 off

From high to low Ch3 on Ch4 on Ch4 oft
Chlon Ch3 oft Ch3 on

Chl oft Ch2on

Smart algorithm Ch3 on Chl off Ch4 oft
Chlon Ch4 on Ch3 on

Ch3 off Ch2on

Check and modify Chlon Ch2 on Ch4 oft
Ch2 on Ch4 on Chl on

Ch3 on Chl off Ch2 on

Ch2 off Ch2 off Ch3 on

Ch3 off Chl off

(Table 11) illustrate a comparison in number of the contactor switching for the second scenario
between the first three operations algorithm and check and modify algorithm:

Table 11: Number of the contactor switching for the second scenario.

Operations algorithm The first three operations Check and modify
algorithm algorithm
Number of the contactor switching 8 14

5.2. Refer to the second scenario:

For (PFC1), if “low to high” operation is applied, the sequence will be (Ch1l on — Ch3 on) while
if each of “from high to low”, “smart” operations are applied the sequence will be (Ch3 on — Chl
on), thus, the best sequence is when applying “from low to high” because it will add the capacitors
ascending which reduce result in the least transient.

For (PFC2), the best sequence for this case is when applying “smart” operation because it will be
(Ch1 oft - Ch4 on — Ch3 off). while in “from high to low” operation the sequence will be (Ch4
on — Ch3 off - Chl off), and in “from low to high” operation the sequence will be (Ch1 off -

Ch3 oft = Ch4 on), which cause more transient than the first operation.
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For (PFC3), the best sequence for this case is when applying “smart” or “from high to low”
operation because it will be (Ch4 oft - Ch3 on — Ch2 on). while in “from low to high” operation
the sequence will be (Ch2 on — Ch3 on — Ch4 off), and in “smart “ operation the sequence will
be (Ch2 on — Ch4 oft - Ch3 on), which cause clearly over correction than the first operation.
(Table 12) shows the third scenario of changing the combination of the laboratory load:

Table 12: Third scenario of changing load.

Load PF uF VAR Decision | Number | PF after PFC
required | required of PFC
operation

R1R2R312 L3 0.78 4.1 656.4 Ch3 on 1 0.919

R1R3L2L3 0.86 1.36 216.7 Ch3 stay 2 0.908
Chl on

R1R3L1L2L3 0.84 1.83 292 Ch3 stay 3 0.926
Ch2 on
Chl stay

(Table 13) shows the sequence of inserting and removing capacitors for the third scenario:

Table 13: Sequence until the third correction for the third scenario.

Operation technique PFC1 PFC2 PFC3
From low to high Ch3 on Chl on Ch 1 stay
Ch3 stay Ch2 on
Ch3 stay
From high to low Ch3on | Ch3stay Ch3 stay
Chl on Ch2 on
Ch 1 stay
Smart algorithm Ch3on | Ch3stay Ch3 stay
Chl on Ch2 on
Ch 1 stay
Check and modify Chl on Chl on Ch4 off
Ch2on | Ch3stay Ch 1 stay
Ch3 on Ch2 on
Ch2 oft Ch3 stay
Chl off

(Table 14) illustrate a comparison in number of contactors switching for the third scenario
between the first three operations algorithm and check and modify algorithm:

Table 14: Number of contactor switching for the third scenario.

Operations algorithm The first three operations Check and modify
algorithm algorithm
Number of contactor switching 3 7

5.3. Refer to the third scenario:

For (PFC1), there is one action which is switching on channel 3, thus, there is no difference
between applying any one of the operation algorithms. For (PFC2), there is one action which is
switching on channel 1, thus, there is no difference between applying any one of the operation
algorithms. For (PFC3), there is no difference in the four operation algorithms because there is
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one action.

6. CONCLUSION

This study discusses the development and implementation of a three-phase automatic centralized
power factor correction panel, with capacitors arranged in a configuration where one is double
the other, based on an optimal solution methodology. The proposed design aims to enhance the
systems performance and reliability by extending the lifetime of contactors through a reduced
frequency of switching operations compared to the stage technique (check and modity). Results
shows that minimum difference in number of switching decision is 4 for different cases until
the third power factor correction process. Moreover, it results in the least possible transient due
to using different operation techniques which offers the best sequence of addition or remove
capacitors. Results had shown that in each scenario the optimal algorithm had successfully able
to determine the optimal of the required capacitor to reach the predetermined power factor
value. Therefore, the proposed sequence process proven to reduce the number of contactors
switching. It is noticed that the relative error in the project is due to four types of error which are:
approximation is required for capacitor value because there isn’t 0.5uF available in the markets,
unbalance three phase, error related to the accuracy of measurement devices and that the load of
each phase is not exactly equally with the other phases.
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