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PERFORMANCE IMPROVEMENT OF SELF-EXCITED INDUCTION GENERATOR
USING CAPACITOR BANK BASED ON PID CONTROLLER

This article discusses the operation of induction generators under fixed load and varying load conditions. One
significant disadvantage of induction generators is their inherent need for reactive power. When connected to
a load, it uses reactive power, and to regulate the output voltage, it requires a permanent external reactive
source installed in the stator winding. Another weakness of induction generators is the instability of the voltage
produced if there are fluctuations in the load being served. The goal of this research is to improve the perfor-
mance of a self-excitation induction generator (SEIG) using a capacitor bank based on a PID controller. The
task carried out by the controller is to maintain the SEIG output voltage at a stable voltage value during load
fluctuations in the system. The PID controller regulates the reactive power supplied to the SEIG system to en-
sure a stable output voltage despite load fluctuations. It achieves this by adjusting the proportional, integral,
and derivative actions based on the error signals. One of the system stabilities is determined by the stability of
the voltage generated. The objective of this research is to obtain a capacitor value that is appropriate to
changes in the load being served so that the voltage generated has a small error percentage and the speed re-
quired to serve the load from the induction generator. The method applied in this research is to model the
SEIG under load conditions connected to a capacitor bank. A capacitor bank is a source of reactive power that
is added or subtracted from a system. The SEIG is modeled using MATLAB SIMULINK 2023a software and is
driven by a DC motor. The output voltage of the SEIG system is input to the PID controller and the output is
fed to the capacitor bank. The PID controller selects the value of the capacitor that will be injected to obtain a
constant voltage value. The research results show that the SEIG system with a PID controller can control or
maintain its output voltage at the initial voltage or a new steady voltage within the required error percentage
range. The error percentage for the peak and rms (root rean square) voltage) is in the range of 0 % to 2 %. It
can be concluded that the SEIG system with a PID controller has good performance and is in a stable condi-
tion when there are fluctuations in the load served by the generator. It is hoped that the system created can be
applied to small-scale power generators in rural areas.

Keywords: Performance improvement; induction generator; capacitor bank; PID controller; error percentage.

1. Introduction 1.1. Motivation for Research

This section presents the motivation of research
that content about the usage of traditional energy
sources as an electrical energy source highlights opera-
tional factors that impact efficiency and reliability. It
gives a good motivation to do research for changing it to
be a self-excited induction generator (SEIG) as a friend-
ly machine. The previous researches related to this re-
search related to its research gap are stated in the section
of the state of art. The objective of this research is to
optimize the performance of SEIGs by employing a
PID-controlled capacitor bank to maintain voltage sta-
bility under varying load conditions. The approach in-
cludes modeling the SEIG system and analyzing its per-
formance under different load scenarios.

The research optimized the performance of SEIGs
by employing a PID-controlled capacitor bank to main-
tain voltage stability under varying load conditions.

Every nation in the globe makes a constant effort
to lower the CO2 emissions caused by traditional energy
sources, and its main objective is to tackle the problem
of the energy crisis [1]. An effort has been conducted by
the previous researchers related to the energy crisis [2],
related to the comparison between the conventional and
renewable energy to reduce the environmental pollu-
tion [3, 4].

A biogas generator that converts the biogas energy
to electrical energy is friendly machine and it can re-
duce the operational characteristics. [5] compared the
performance of the LPG generator and the biogas gen-
erator added by the LPG fuel, the result shows that the
addition of a small amount of biogas into the combus-
tion chamber of the genset machine can avoid signifi-
cant exhaust gas pollution. Also, the biogas generator
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was studied by [6] using the main energy source from
cow dung by mixing the three types of material (rice
straw, corn cobs, and water hyacinth) separately. The
mixture of cow dung and rice straw is the best mixture
that can operate the generator for a longer time. The
other mixture, biogas and hydrogen is conducted by [7,
8], the total biogas of 493.2 | is mixed by the hydrogen
flow rate of 2.5 I/min and can operate 220 V, 3.1 A gen-
erator.

The other type of generator that can be classified
in the friendly machine is SEIG. Because it uses a self-
excitation system to operate, the SEIG is an alternate
method for improving the operational efficiency of
small-scale energy systems, making it relevant to rural
and isolated energy applications. An excitation source
consisting of capacitors mounted on its terminal is pro-
vided by the SEIG, an induction generator that operates
independently of the utility grid [9, 10].

1.2. State of Art

Self-Excited Induction Generators (SEIG) have
gained attention as an efficient solution for renewable
energy applications, particularly in remote areas. Recent
studies have highlighted that the combination of the
reactive power supply and the active load significantly
influences the voltage and frequency stability of SEIGs.
Optimizing the excitation capacitance has become a key
factor in ensuring stable operation during the grid dis-
connection and reconnection processes, as well as in the
islanding mode [11, 12]. In addition, innovative config-
urations such as the Fukami setup and the use of partial
power converters have proven to enhance the reliability
of SEIG systems. These technologies can mitigate in-
rush current effects, improve reactive power regulation,
and support sustainable operation even in the event of
component failures [13, 14].

The performance of the SEIG has been studied by
[15, 16] in terms of its output voltage and power. A
mathematical model is developed by [15] for the output
voltage and power based on the value of per unit fre-
quency and per unit speed. The performance of the
SEIG is also studied by [17] by applying a PI controller
and direct torque control using MATLAB SIMULINK.
The outcome demonstrates that the suggested control
strategy for the generator's internal parameter variation.

In nonconventional energy applications like wind,
micro, or mini hydro power plants, induction generators
are commonly used. The use of induction generators in
lieu of synchronous generators has many well-known
benefits, including lower unit and size costs, improved
performance, brushless operation, ease of maintenance,
and reduced risk of short circuits [18, 19]. Voltage and
frequency fluctuations are two common SEIG issues
that arise from plant sources because they are sensitive

to changes in load. Its efficiency and performance may
be impacted by variations in the frequency and voltage
[20, 21]. When the SEIG is operating under normal
conditions, the voltage and frequency remain stable
[22, 23].

The SEIG can operate steadily if an actual capaci-
tor is applied. The application of the capacitor on the
SEIG with the PI controller is applied by [24, 25] with
wind as the prime over to move its rotor, its dynamic
performance is tested by modelling the capacitor con-
nected to the voltage source inverter with its switching
components are controlled by a proposed control strate-
gy and it shows that it has the effectiveness of the pro-
posed control strategy. The installation of the capacitor
on the SEIG is also applied by [26, 27] with the wind as
the prime over for moving its rotor. A state variable
equation is modeled in the system including the capaci-
tor, its frequency, output voltage and power are ob-
served and analyzed following the load fluctuation con-
dition.

1.3. Obijective and Approach

The objective of this research is to optimize the
performance of SEIGs by employing a PID-controlled
capacitor bank to maintain the voltage stability under
varying load conditions. To stagger the voltage and ro-
tor speed of the SEIG, this research uses a PID control-
ler to organize the capacitor bank value as both an exci-
tation source and a reactive power source. Because the
SEIG is developed with a stable voltage in this study, its
relative state is constant. A modeling of SEIG system
driven by the DC motor was constructed using
MATLAB SIMULINK. The PID controller circuit re-
sponds to the plan's output signal by the construction of
simple derivatives (D), integrals (I), and proportions (P)
[26]. The performance of the SEIG system for its nor-
mal operation condition and in the fluctuation load con-
dition are observed to know its performance improve-
ment by applying the PID controller.

1.4, Case Study

A case study of a SEIG that is moved by a DC mo-
tor has been conducted in this research. They were sim-
ulated using MATLAB SIMULINK based on their block
sets and electrical and mechanical parameters. The
SEIG is loaded by RLC load for a condition operation
of fixed load and varying load. A suitable value of the
capacitor is needed to achieve a suitable value of the
output voltage of the SEIG. This is because the varying
load affects its output voltage; thus, a PID controller is
applied in this system to maintain its output voltage of
230 V. There are three case studies in this research to
observe the performance of the SEIG. The first case
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study is that the SEIG is loaded for a fixed value of load
and capacitor, its objective is to validate the model fol-
lowing the electrical and mechanical parameters given.
The second and third case studies are that the SEIG is
loaded by varying load with and without the PID con-
troller, its objective is to compare the performance of
the SEIG operation with and without the PID controller.

2. Materials and methods of research

This section presents the research methodology of
the output voltage controller of the SEIG using a capaci-
tor bank based on the PID controller.

2.1. Proposed Methods and Design
of the SEIG System

A case study of a SEIG that is moved by a DC motor
has been conducted in this research. They were simulat-
ed using MATLAB SIMULINK based on their A flow
chart of the research methodology is shown in Fig. 1.
The data parameters of the SEIG and the DC motor as a
prime mover of the SEIG are shown in this section. The
SEIG in a condition connected to the RLC loads and the
DC motor are modelled using MATLAB SIMULINK.

A capacitor bank is connected to the output terminal of
the SEIG to enable it to reach its nominal output volt-
age.

A suitable value of the capacitor bank is decided to
achieve a suitable output voltage of SEIG in the RLC
load condition. In addition, a scenario of capacitor bank
injection is conducted on the operating system of SEIG.
A comparison of the SEIG’s performance with and
without the PID controller is observed and analyzed.

A Dblock diagram of the SEIG is shown in Fig. 2
with its data parameters is shown in Table 1 [29, 30]. It
is as a modification of SEIG by [31] by adding its prime
mover using DC motor with its data parameters is
shown in Table 2 [29, 30]. The SEIG is a three-phase
induction generator. A fixed capacitor, C, is required to
operate the SEIG for achieving its rated output voltage
in the condition connected to the three-phase load.

In the steady-state operation condition of the
SEIG, the SEIG sends its active power, P, and reactive
power, Q, to the three-phase load. At the same time,
the capacitor bank injects its reactive power, Qg; thus, a
reactive power, Qg, is injected into the SEIG and affects
its operation. The suitable values of the reactive powers,
Qe and Qg, are required to maintain the output voltage
of the SEIG.

/ Data of SEIG and DC motor /

Create the modelling of SEIG
driven by DC motor

Give a fixed capacitor bank as reactive
power injection to the system

Is the output voltage of
SEIG=230V?

Yes
Normal condition of
SEIG operation

|
Lo

h al

Create the PID controller

v

Provide a reactive power change
scanario into the system

Is the output voltage of
SEIG =230 V?

Reactive power change of

Yes SEIG operation

Observe the capacitance of capacitor
bank, the output voltage, the load
current, the load power and the rotor
speed of SEIG

Analyze

Fig. 1. Flow chart of research study Modelling of SEIG in RLC Load Condition



202 ISSN 1814-4225 (print)
Radioelectronic and Computer Systems, 2025, no. 1(113) ISSN 2663-2012 (online)
Induction p
generator —)L
rb Three-pahse
RLC load
Q
—>
4_
Qs

-

e
A\

Fig. 2. A block diagram of the SEIG [28, 29]

Table 1
The data parameters of the SEIG
Parameter Value
Rated power, P (W) 1500
Rated voltage, Vs (V) 230
Rated speed, o (rad/s) 157
Pole pair, P 2
Rotor resistance, Rr (Q) 2.24
Stator resistance, Rs (Q) 5,51
Rotor inductance, Lr (H) 20.35x10°®
Stator inductance, Ls (H 20.35x10°®
Table 2
The data parameters of the DC motor
Parameter Value
DC supply voltage, Ve (V) 220
Rated armature current, 1, (A) 9
Rated speed, o (rad/s) 157
Armature resistance, Ra (Q2) 1.4
Armature inductance, La (H) 27x10°°

Fig. 3 shows the proposed output voltage control-
ler of the SEIG using a capacitor bank based on the PID
controller. In this case, the SEIG is loaded by a con-
stant three-phase RLC load. A scenario is conducted to
change the injection of the reactive power, Qe to the
system.

Induction

The injection of the reactive power, Qg, causes a
change in the total RLC load power in the system and
affects the output voltage of SEIG, exactly for its root
means square voltage for line to neutral, Vims. However,
the PID controller works fast to vary the capacitor bank
to maintain the output voltage of the SEIG of 230 V.

Fig. 4 shows proposed modelling of the output
voltage controller of the SEIG using a capacitor bank
based on the PID controller using MATLAB
SIMULINK. An induction generator is modelled as a
three-phase system generator. Its input parameters are
shown in Table 1, and it is driven by a DC motor with
its parameters as shown in Table 2. They are in a block
of the SEIG driven by the DC motor.

2.2. Design of SEIG System Using Matlab

The output terminal of the induction generator is
connected to the three-phase RLC load and connected to
a three-phase capacitor bank system. It is constructed
using a three-phase variable resistor and capacitor. A
value of the capacitance of the capacitor is required to
be able to run the SEIG system in its nominal output
voltage for serving the three-phase RLC load. In this
case, a capacitor capacitance of 1 nF is required to be
injected into the SEIG system and to maintain the nom-
inal output voltage of the SEIG system in its normal
operation condition.

P
generator —>
/\) Three-pahse
0 RLC load
L
& e a a
Change the injection of i_ ____________ -__1: RravaPy
_ ot
reactive power, Qg to the —>! \/ C\7 “ Viet

system

Fig. 3. A proposed output voltage controller of the SEIG using a capacitor bank based on a PID controller
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Fig. 4. A proposed modelling of SEIG using MATLAB SIMULINK

A scenario of the capacitor capacitance change is
conducted as a change in the reactive power, Qg injected
into the system during 25 s. The reactive power and
RLC load as a total power of the SEIG system affects its
nominal output voltage. A transient value of the output
voltage of the SEIG system can occur if it has no a volt-
age controller. In this paper, a PID controller is pro-
posed to maintain the output voltage of the SEIG system
in its steady-state value. An observation and analysis
were conducted for the capacitance of the capacitor
bank and the SEIG’s output voltage, load current, load
power and rotor speed.

2.3. PID Controller

The PID controller is applied to the SEIG to
overcome the voltage fluctuations caused by the load
changes that will cause the operation of the self-excited
induction generator or SEIG to become unstable. The
PID controller essentially regulates the appropriate
capacitor value to be injected into the system. The 230
V voltage reference is used as an input reference to
inject the reactive power through variable capacitor
injection. The total capacitor value required is obtained
based on the reactive power required by the SEIG to

serve a certain load. Table 3 shows the PID parameter
value used in the experiment.

Table 3
The data parameters PID Controller
Parameter Value
P 0.1
I 0.05
D 0

3. Results and Discussion

This section presents the simulation results of the
SEIG system based on the PID controller. The SEIG is
simulated in three conditions. The first is in a normal
operation condition with a specific value of the capaci-
tor capacitance, the second and third are in the capacitor
capacitance change with and without the PID controller,
respectively. The analysis was conducted for the
capacitance of the capacitor bank and the SEIG’s output
voltage, load current, load power and rotor speed for the
SEIG’s normal operation condition. Also, a comparison
of its performances is conducted for the SEIG system
with and without the PID controller.
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3.1. Performance of the SEIG
in the Normal Operation Condition

The normal operation condition of the SEIG sys-
tem means that the system serves the three-phase RLC
load with a specific value of per-phase capacitor capaci-
tance of 60 uF to maintain its rms output voltage of 230
V, as shown in Fig. 5 and Fig. 6, respectively, for an
operation time of 25 s.

~
o

[«2]
(9]

Capacitor capacitance (uF)
[4)] D
(3] o

(42
o
o

5 10 15 20 25
Time (seconds)

Fig. 5. Capacitor capacitance of 60 uF

Fig. 5 indicates the value of the reactive power, Qg
injected into the SEIG system, where its value is for the
capacitor capacitance of 60 uF during the period time of
25 s. Fig. 6 shows the three-phase voltage waveform for
a period time of 25 s.

400

Voltage (V)

-400

0 5 10 15 20 25
Time (seconds)

Fig. 6 Voltage of the SEIG system

This capacitor bank can maintain the rms voltage
of 230 V, as shown in Fig. 7 or its peak voltage around
317.764 V, as shown in Fig. 8. However, it is clear for
capturing the voltage waveform in the range time of
10.00 s to 10.06 s. There is no fluctuation in the voltage
during the SEIG system operating in the normal opera-
tion condition.
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Fig. 7. RMS Voltage of the SEIG system
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Time (seconds)
Fig. 8. Three-phase voltage waveform
at a given time

10.05 10.06

Following Fig. 7 that two types of load load the
SEIG system, three-phase load and three-phase resistive
load that injected by a constant value of 80 (load pro-
file), where it is as multiplication of the three-phase
resistive load. These all loads and added by the value of
the reactive power, Qe are as the total load of the SEIG
system. Thus, a current of 4.8 A flows through the sys-
tem, as shown in Fig. 9 and the total active power is 1.5
kW, as shown in Fig. 10.

10
8

6

Current (A)

[¥)

0 5 10 15 20 25
Time (seconds)

Fig. 9. Current of the Normal Operation Condition

Power (kW)

0 5 10 15 20
Time (seconds)

Fig. 10. Total active power

The normal operation condition of the SEIG sys-
tem for its rms voltage of 230 V, current of 4.8 A and
power of 1.5 KW needs its rotor speed of 157 rad/s. This
SEIG’s rotor speed of 157 rad/s is the same as the rotor
speed of the DC motor. At the initial time, the graph of
the rotor speed shows that the speed in a transient condi-
tion and then it can reach a steady state value of 157
rad/s as shown in Fig. 11. These all conditions can be
stated that the SEIG system operated in a stable condi-
tion for the normal operation condition.
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Fig. 11. Rotor speed

3.2 Performance Improvement of the SEIG
Using PID Controller in The Operation
of the Fluctuation Load Condition

The fluctuation load condition is conducted based
on the three-phase resistive load that is injected by a
constant value of 80 (load profile), where it is varied by
20% below and above the value of 80 during the period
time of 25 s, as shown in Fig. 12(a). The per-phase re-
sistive load on the load profile is 1mQ, thus fluctuation
load is in the unit of ohm, as shown in Fig. 12(b). The
resistive load of 0.08 Q is for the normal operation con-
dition of the SEIG system, it is reached at the time be-
low 5 s, at the time of 5 s above and below 10 s that the
resistive load goes down to 0.064 Q, at the time of 10 s
above and below 15 s that the resistive load goes up to
0.096 Q, after that goes back to 0.08 Q (normal opera-
tion condition).

90

X 3429 X 19.3694
Y 80 Y 80

®
S

2

Constant value injected to the load

3

10 15 20 25
Time (seconds)

(a) Constant value injected into the load

o

Y 0.096

(=]
(=3
=

X 2.389 X 19.8968
Y 0.08 Y 0.08

0.08

0.07

Fluctuation load (ohm)

0 5 10 15 20
Time (seconds)

(b) Fluctuation load in ohm

Fig. 12. Fluctuation load condition

The PID controller works to maintain the perfor-
mance of the SEIG system or to bring the parameters of

the SEIG into a new steady-state condition with their
achievable error percentage (£5% [32]). The PID con-
troller will add or subtract the value of the capacitance
of the capacitor bank, as shown in Fig. 13, following the
fluctuation load condition, as stated in Fig. 8. When
there is no fluctuation load (0.08 Q as a fluctuation load
reference in the profile load) for the period time of be-
low 5 s, the PID controller detects the value of the ca-
pacitance of the capacitor bank of 1.42 uF as shown in
Fig. 13. When the fluctuation load goes down 0.064 Q
for period time of 5 s to below 10 s, the PID controller
adds 14.28 pF into the system; thus, the value of the
capacitance of the capacitor bank is 15.67 uF. When the
fluctuation load goes up 0.096 Q for period time of 10 s
to below 15 s, the PID controller subtract 5.12 uF (refer
its fluctuation load reference) from the system; thus, the
value of the capacitance of the capacitor bank is
-6.79 pF.

%107

w

(8]

Capacitor capacitance (nF)

5 10 15 20 25
Time (seconds)

Fig. 13. Capacitor capacitance injected
to the system

A comparison of the performance of the SEIG
with and without the PID controller in the fluctuation
load condition (following Fig. 12) is observed and ana-
lyzed to prove that by applying the PID controller can
improve its performance. Each voltage waveform is
observed for the decreasing and increasing the per-
phase resistive load on the load profile. Fig. 14 shows
the three-phase voltage waveform of the SEIG without
the PID controller. It has a steady-state peak voltage of
318.26 V for the normal operation of the SEIG system.

500

Voltage (V)

0 5 10 15 20 25
Time (seconds)

Fig. 14. Three-phase voltage waveform
without the PID controller

When the resistive load is reduced in the load pro-
file, the peak voltage drops to 179.03 V, so the error
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percentage is 43%, as shown in Fig. 15. This indicates
that the decrease of the resistive load can decrease its
peak voltage until to a value of the lowest voltage. It can
also be said that the SEIG is not in stable condition.
When the resistive load is increased in the load profile,
its peak voltage reaches a peak voltage of 395.95 V, as
shown in Fig. 16, thus it has an error percentage of
24 %. It also indicates that the SEIG is not in a stable

condition.
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Fig. 15. Three-phase voltage waveform
without the PID controller when the load decreases
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Fig. 16. Three-phase voltage waveform
without the PID controller when the load increases

Fig. 17 shows the three-phase voltage waveform
of the SEIG with the PID controller. It has a steady-state
peak voltage of 327.44 V for the normal operation of
the SEIG system. When the resistive load is decreased
in the load profile, its peak voltage decreases to 280.97
V, but it can return to a new steady-state peak voltage of
327.16 V (following Fig. 18); thus, it has an error per-
centage of 0%. This indicates that the decrease in resis-
tive load causes the PID controller to inject the capaci-
tance of the capacitor bank into the system with its val-
ues of capacitance, as shown in Fig. 13. This also indi-
cates that the SEIG is in a stable condition. When the
resistive load is increased in the load profile, its peak
voltage reaches a higher peak voltage of 417.01 V, but it
can return to a new steady-state peak voltage of 324.79
V; thus, it has an error percentage of 1.12 % (following
Fig. 19). It also indicates that the SEIG is in a stable
condition

Fig. 20 shows the rms voltage of the SEIG without
the PID controller. It has a steady-state rms voltage of
231.13 V for the normal operation of the SEIG system.
When the resistive load is decreased in the load profile,

its peak voltage decreases to 119.69 V; thus, it has an
error percentage of 48%. This indicates that the de-
crease of the resistive load can decrease its peak voltage
until to a value of the lowest voltage. It can also be said
that the SEIG is not in stable condition. When the resis-
tive load is increased in the load profile, its rms voltage
reaches a rms voltage of 293.68 V; thus, it has an error
percentage of 27%. It also indicates that the SEIG is not
in a stable condition.
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Fig. 17. Three-phase voltage waveform
with the PID controller
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Fig. 18. Three-phase voltage waveform
with the PID controller when load decreases
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Fig. 19. Three-phase voltage waveform
with the PID controller when the load increases
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Fig. 20. RMS voltage without the PID controller
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Fig. 21 shows the rms voltage waveform of the
SEIG with the PID controller. It has a steady-state peak
voltage of 238.88 V for the normal operation of the
SEIG system. When the resistive load is decreased in
the load profile, its peak voltage decreases to 189.66 V,
but it can return to a new steady-state rms voltage of
244.04 V; thus, it has an error percentage of 2%. This
indicates that the decrease in the resistive load causes
the PID controller to inject the capacitance of the capac-
itor bank into the system with its values of capacitance,
as shown in Fig. 13. This also indicates that the SEIG is
in a stable condition. When the resistive load is in-
creased in the load profile, its peak voltage reaches a
higher rms voltage of 308.22 V, but it can return to a
new steady-state rms voltage of 235.04 V; thus, it has an
error percentage of 1.6%. It also indicates that the SEIG
is in a stable condition.

0 S 10 15 20 25
Time (seconds)

Fig. 21. RMS voltage with the PID controller

Table 4
Error percentage
Error percentage (%)
Decreasing Increasing
Parameter resistive load resistive load

Without | With | Without | With
PID PID PID PID
Peak voltage 43 0 24 1.3
rms voltage 48 2 27 1.6

The error percentage is referred to as a perfor-
mance indicator of the SEIG system. It can be listed as
stated in Table 4. In the decreasing or increasing of the
resistive load in the load profile, the SEIG system with-
out the PID controller shows that their error percentage
is very big, they are out of the required range (abjectly
+5%). This indicates that the SEIG system without the
PID controller does not have good performance and is
not in a stable condition. The SEIG system with the PID
controller shows that their error percentage is in the
range of 0% to 2%, it is in the required range of error
percentage. This indicates that the SEIG system with the
PID controller has a good performance and is in a stable
condition when the fluctuation load occurs in the sys-
tem.

The simulation results demonstrate that imple-
menting a PID controller in the SEIG system effectively
maintains the output voltage stability under varying load
conditions. Without the PID controller, the system ex-
hibits significant voltage instability, with error percent-
ages reaching up to 48%. In contrast, with the PID con-
troller, the voltage error is successfully minimized to an
acceptable range of 0...2 %. Additionally, the PID con-
troller’s adjustment of the capacitor bank capacitance
provides a rapid response to load fluctuations, ensuring
that the voltage remains at its nominal value. This vali-
dates the proposed approach, which significantly en-
hances the overall performance and reliability of the
SEIG system, making it suitable for applications with
variable loads.

4.Conclusions

This study presents a robust PID control mecha-
nism for SEIG systems, emphasizing the voltage stabil-
ity under fluctuating loads. The novel approach demon-
strated performance improvements through reduced
error percentages. Future research could incorporate
adaptive control strategies and 10T integration.

A self-excited induction generator (SEIG) is mod-
elled using MATLAB SIMULINK. It is driven by a DC
motor and a capacitor bank is installed to overcome the
operation of the SEIG system. The SEIG system in the
normal operation condition and the fluctuation load
condition is observed and analyzed for its performance.
Thus, some statements can be concluded as stated be-
low.

In the normal operation condition, the SEIG sys-
tem obtains the per-phase capacitor bank of 1 nF. This
capacitor capacitance is able to maintain its rms voltage
of 230 V without fluctuation values. In addition, this
condition gives its current, total power and rotor speed
of 4.8 A, 1.5 kW and 157 rad/s.

The SEIG system with the PID controller can add
or subtract the value of the capacitance of the capacitor
bank to or from the system. It can control or maintain its
output voltage in the initial voltage or in a new steady-
state voltage, but it is still in the required error percent-
age. lIts error percentages (peak and rms voltage) are in
the range of 0% to 2%, which is in the required range of
error percentage. This indicates that the SEIG system
with the PID controller has a good performance and is
in a stable condition when the fluctuation load occurs in
the system.

Further development of the created system may in-
clude the use of adaptive control techniques and ma-
chine learning algorithms to improve the system’s re-
sponse to unpredictable load changes. In addition, inte-
gration with the smart grid and the Internet of Things
(loT) technology can enable remote monitoring, more
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efficient energy management, and better system mainte-
nance predictions.
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HOJIIIIEHHA XAPAKTEPUCTHUK THAYKIIAHOI O IFEHEPATOPA )
3 CAMO3BY/I’)KEHHSM 3 BUKOPUCTAHHSAM KOHJAEHCATOPHOI BATAPEI
HA OCHOBI HII-PET'YJISITOPA

M. Crokpi, A. Croxaoa, A. Axxap, T. Tapmizi

IIpeamer 1iei cTaTTi 0OrOBOPIOE POOOTY ACHHXPOHHUX I'eHEpaTOpiB MpU (hiKCOBAHOMY Ta 3MIHHOMY HaBaHTa-
skeHHi. OJTHUM 13 ICTOTHUX HEIOMIKIB IHIYKIIIHHUX T'€HEPaTOPiB € IX BIACTHBA MOTpeda B peaKTUBHIN MOTYKHOCTI.
ITpu migkmroYeHHi 10 HAaBaHTaXXCHHS BiH BUKOPHCTOBYE PEAKTHBHY IOTYXXHICTh, a JJIS PEryJIIOBaHHS BUXIJIHOI Ha-
MIPYr'y OTPiOHE TOCTIMHE 30BHIIIHE PEaKTUBHE JKEPENI0, IKe BCTAHOBJICHO B OOMOTIII cTaTopa. [HIMM HETOIiKOM
IHIYKIIHHAX T€HEPaTOpiB € HECTaOIIbHICTh BUPOOICHOI HANPYTH MPH KOJTMBAHHAX HaBaHTa)KCHHS, IO 0OCITYTOBY-
€TbCA. MEeTOI0 JaHOTO IOCTIKCHHS € IIiIBUIICHHS MPOAYKTUBHOCTI 1HIYKIIHHOTO T'eHepaTtopa camo30ymKeHHS
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(CEIT") 3 BUKOpHCTaHHSIM KOHJEHCATOPHOI Oatapei Ha ocHoBi [1IJ]-perynsaropa. 3aBnaHHs, ske BUKOHYE KOHTPOJIED,
moJIsrae B miATpuMini BuxinHoi Hanpyru SEIG Ha cTaOuUThHOMY 3HAYEHHI HAPYTH I1iJ] 9aC KOJUBAaHh HABAHTAKCHHS
B cucremi. OmHa 3i CTIHKOCTEH CHCTEMHU BH3HAYAETHCS CTaOIIBHICTIO TEHEPOBAHOI HAmpyru. MeTa IbOro JIOCTi-
JUKEHHSI TIOJISITa€ B TOMY, IIO0 OTpUMATH 3HAYCHHS KOHJICHCATOpA, SIKE BiJIOBiTa€ 3MiHAM HaBAaHTAXKCHHS, IO 00-
CIYyrOBYEThCS, 00 TeHEpOBaHa HAIpyra Majia HEBEJIMKHI BiJICOTOK MOXHOOK, 1 MBUAKICTh, HEOOXITHY IS 00CITy-
TOBYBAaHHS HaBaHTa)XCHHS BiJl IHAYKIIHHOTO TeHepaTopa. MeTol, 3aCTOCOBaHHN Y IIbOMY JOCIiPKEHHI, TOJSTae B
moaenioBanHi SEIG B yMoBax HaBaHTa)KE€HHS, IMiAKIIOUEHOTO 10 OaTtapei KoHaeHcaTopiB. KoHaeHcaTopHa Oatapes
— IIe JDKEPENIO PeaKTUBHOI MOTYXHOCTI, SKa JONAEThCS J0 cUcTeMHu abo BimHiMaeThes Bin Hel. SEIG mopenroeThes
3a gonomororo mporpamHoro 3adesneucHass MATLAB SIMULINK 2023a i mpUBOAUTECS B IO TBUTYHOM IOCTIH-
HOro cTtpymy. Buxinna Hanpyra cucremu SEIG Hagxoauts Ha ITI/I-KOHTpoJep, a BUXiJ MOAAE€THCA Ha KOHIEHCATO-
pay Oarapero. ITIJ]-koHTpoep BUOUpAE 3HAUEHHST KOHAEHCATOPA, SKUil Oy[e BBEIEHO IJIs1 OTPUMAHHS IOCTIHHOr0
3HAYEHHS HAMPYrH. Pe3yabTaTH DOCHIIKEHHS MOKa3yloTh, 10 cuctema SEIG 3 III/I-perymsiTopoM Moxe KOHTPO-
JIIOBAaTH a00 MIATPUMYBATH CBOIO BHXIJHY HANPYTy Ha PiBHI MOYaTKOBOI HANPYrH a00 HOBOI CTAJIOl HANPYTH B Me-
JKaX HEeOOXiTHOTO BiJICOTKOBOI'O Niara3oHy MOMWIKH. BilcOTOK MOXMOKM JUIsl TIIKOBOI Ta CEPeIHbOKBAIPATHUHOIL
Hanpyru (KOpiHb KBaJpaTHHIT) 3HAXOMUThCS B Aiama3oHi Bix 0% mo 2%. MoxHa 3poOUTH BHCHOBOK, IO CHCTEMa
SEIG 3 I /I-peryaatopoM Ma€ TapHy MpPOAYKTHBHICTH 1 TepeOyBa€e B CTaOIILHOMY CTaHi, KOJIU € KOJIMBAaHHS HaBaH-
Ta)XXCHHSI, sIKE 00CITYroBYye TeHepaTop. € Hais, 10 CTBOPEHY CHCTEMY MOXHA OYJIe 3aCTOCYBATH JI0 MAJTUX EJIEKTPO-
TeHepaTopiB Yy CIIIbCHKIH MiCIIEBOCTI.

Knarwu4oBi cnoBa: migBUINEHHS POMYKTUBHOCTI; IHAYKUIHHMH TeHeparop; OaTapes KOH/AEHCATOPIB;
[I/1-perynsiTop; BiZICOTOK TOMMIIKH.
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