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Abstract

The performance of Self-Excited Induction Generators is significantly influenced by
excitation conditions and load variations. One of the critical factors in maintaining
voltage and frequency stability is the selection of an appropriate shunt capacitor to
supply the required reactive power. This study investigates the impact of shunt
capacitance variation on Self-Excited Induction Generators performance under
different operating conditions. Experimental analysis is conducted to examine the
relationship between shunt capacitance, terminal voltage, excitation current, and
frequency stability at various load levels. The results demonstrate that increasing shunt
capacitance enhances terminal voltage and excitation current. Furthermore, this study
presents best practices for determining the excitation capacitance to ensure stable
SEIG voltage generation in standalone power generation applications.

Keywords: SEIG, E xcitation Current, Shunt Capacitance, Terminal Voltage,
frequency stability.

Abstrak

Kinerja Generator Induksi Self-Excited (SEIG) sangat dipengaruhi oleh kondisi eksitasi
dan variasi beban. Salah satu faktor penting dalam menjaga stabilitas tegangan dan
frekuensi adalah pemilihan kapasitor shunt yang tepat untuk memasok daya reaktif
yang dibutuhkan. Studi ini menyelidiki dampak variasi kapasitansi shunt terhadap
kinerja Generator Induksi Self-Excited (SEIG) dalam berbagai kondisi operasi. Analisis
eksperimental dilakukan untuk mengkaji hubungan antara kapasitansi shunt, tegangan
terminal, arus eksitasi, dan stabilitas frekuensi pada berbagai tingkat beban. Hasil
penelitian menunjukkan bahwa peningkatan kapasitansi shunt meningkatkan tegangan
terminal dan arus eksitasi. Lebih lanjut, studi ini menyajikan praktik terbaik untuk
menentukan kapasitansi eksitasi guna memastikan pembangkitan tegangan SEIG yang
stabil dalam aplikasi pembangkit listrik mandiri.

Kata kunci: SEIG, Arus Eksitasi, Kapasitansi Shunt, Tegangan Terminal, Stabilitas
Frekuensi.

Introduction

Induction machines have gained widespread adoption as generators in
distributed power systems due to their robust construction, low maintenance
requirements, and cost-effectiveness compared to synchronous generators [1], [2]. The
increasing integration of renewable energy sources, particularly in wind [3] and small-
scale hydropower [4] applications, has further highlighted the need for reliable and
economical generation technologies [5]. In this context, the Self-Excited Induction
Generator (SEIG) has demonstrated significant potential as an autonomous power
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source, with its inherent capability for self-excitation eliminating the need for external
excitation systems [6], [7], [8], [9]. This characteristic, combined with the generator's
operational flexibility under variable loading conditions, makes SEIG particularly
suitable for off-grid renewable energy systems where conventional synchronous
generators may prove impractical or uneconomical [10].

However, SEIG performance is highly dependent on excitation conditions and
connected loads [11], [12], [13]. One key factor in maintaining voltage and frequency
stability is the use of a shunt capacitor to supply the reactive power necessary for
sustained operation [14], [15], [16]. Variations in shunt capacitance can significantly
impact terminal voltage, excitation current, and overall system frequency stability [17].
Thus, careful selection and optimization of shunt capacitance are essential for ensuring
the efficient operation of SEIG-based renewable energy systems [18], particularly in
1solated grids.

Method

This study employs an experimental method to analyze the performance of a
stand-alone single-phase induction generator in an isolated network. The
experiment was conducted by observing the electrical parameters of the generator when
subjected to a resistive load with varying power levels. The equipment used in this
study includes a single-phase induction generator as the primary power source in the
isolated network system, a fixed-capacitance capacitor to assist in generator excitation,
parallel capacitors at the generator terminals, and a resistive load consisting of
incandescent lamps with a power variation ranging from 100 W to 500 W.

Figure 1 shows the experimental configuration, consisting of a test bench with a
coupled induction generator and motor, instrumentation panel, and VSD unit. The
testing system involves a 1.5 HP single-phase induction generator driven by a 1.5 HP
three-phase induction motor. The three-phase induction motor is directly shaft-coupled
to the generator and controlled by the VSD to maintain constant rotational speed during
testing.

Figure 1. Experimental Equipment (a) Single-phase SEIG (b) Three-phase induction
machine (c¢) Resistive load (d) Shunt capacitor (e) voltage and frequency measurement
device (f) Variable Speed Drive
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The experiment was conducted in several stages. The first stage involved system
preparation, where the single-phase induction generator was configured with a fixed
excitation capacitor, as shown in Figure 2. Measurement instruments were connected to
record terminal voltage, excitation current, and frequency. In the subsequent testing
phase, the generator was operated at a constant speed of 50.3 Hz, regulated using a
Variable Speed Drive (VSD), while the resistive load was incrementally varied from
100 W to 500 W. At least five tests were performed, including the analysis of terminal
voltage and frequency characteristics.

Tests were conducted on excitation current and voltage characteristics, as well
as the relationship between terminal voltage characteristics and parallel capacitors. The
measurement results were compiled into graphs and tables to facilitate analysis. This
method is expected to provide insights into the performance of the single-phase
induction generator under varying operational conditions. However, this study has
certain limitations, including maintaining a constant generator speed throughout the
experiment and using only resistive loads to eliminating reactive power components
and associated voltage-current phase shifts.
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Figure 2. SEIG Configuration

Result and Discussion

Several experiments were conducted in this study to examine the characteristics of
terminal voltage in relation to the shunt capacitor and load variations, the characteristics of
excitation current and voltage concerning changes in the shunt capacitor, and the variations
in terminal frequency due to changes in the shunt capacitor.

a. Excitation Capacitor Selection for Single-Phase SEIG

An effective method for selecting an optimal excitation capacitor involves using a
capacitor with the same rating as the original run capacitor from a single-phase induction
motor. As illustrated in Figure 3, this capacitor is reconfigured by connecting it to the
auxiliary winding Zi-Z», while the terminal voltage is measured across the main winding Uj-
Uz. In cases where the main winding fails to generate power, a low-level DC voltage is
briefly applied to the auxiliary terminal to initiate excitation. This approach ensures proper
matching of the excitation capacitor to the motor’s characteristics, thereby enhancing the
stability and efficiency of the SEIG system.
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Figure. 3 Excitation Capacitor Installation (a) 40 uF Capacitor (b) Primary Winding

Terminal (¢) Auxiliary Winding Terminal
b. Effect of Shunt Capacitance on Terminal Voltage Stability

Based on Figure 4, the terminal voltage characteristics of the Self-Excited Induction
Generator (SEIG) can be observed as the load varies from 0 to 500 watts with different shunt
capacitor values. The horizontal axis represents the load rating in watts, while the vertical
axis indicates the terminal voltage in volts. In this experiment, the VSD was set to ensure
that the SEIG produced a terminal frequency of 50 Hz. Under these conditions, the SEIG
generated a terminal voltage of 117 volts.

200

Terminal Volage (Volt)

0 5 10 15 20
C Shunt (uF)

Figure 4. Variation of Terminal Voltage with Changes in Shunt Capacitor

The curve in Figure 4 depicts the variation in the SEIG terminal voltage with
increasing load, where each line corresponds to a different shunt capacitance value: no
capacitor, 1 uF, 2 uF, 3 uF, 4 uF, and 5 pF. The results demonstrate that increasing the shunt
capacitance elevates the terminal voltage, highlighting the critical role of capacitor selection
in regulating SEIG voltage performance under varying load conditions.

c. Impact of Load on Terminal Voltage

This experiment aims to examine the relationship between load rating and terminal
voltage for various capacitance values. The graph illustrates how capacitance variations
influence terminal voltage across different load levels. The horizontal axis represents the
load power (watts), while the vertical axis indicates the terminal voltage (volts). From Figure
5, it can be observed that an increase in load power results in a decrease in terminal voltage
for all capacitance values.
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Figure 5. Variation of Terminal Voltage with Load Changes

Additionally, higher capacitance values (C) tend to maintain a higher terminal
voltage compared to smaller capacitance values, highlighting the role of capacitors in
stabilizing the system voltage. The different lines in the graph represent conditions without a
capacitor (C0) and five different capacitance values (1 puF, 2 puF, 3 uF, 4 puF, and 5 pF). The
experimental results indicate that the terminal voltage gradually decreases as the load
increases. In the curve without a capacitor, the voltage drops more rapidly and can only
sustain up to a load of 300 watts before drastically declining, leading to generator
demagnetization. In contrast, the curve marked with a cross symbol (C = 5 pF) remains
stable up to a load of 500 watts without experiencing demagnetization.

This finding demonstrates that increasing capacitance helps maintain terminal
voltage for a longer duration by improving the power factor and supporting the rotor’s
magnetic field. If the load increases beyond the rated capacity without adequate
compensation, the voltage will continue to decline until the generator loses its
magnetization, potentially leading to operational instability or even complete system
shutdown.

d. Effect of Shunt Capacitance on Terminal and Excitation Voltage

Figure 6 illustrates the relationship between shunt capacitance, terminal voltage, and
excitation voltage (Vx, as seen in Figure 2). The shunt capacitance is varied from 0 to 5 pF,
while the vertical axis represents terminal voltage in volts (V). It can be observed that both
terminal voltage and excitation voltage increase as the shunt capacitance increases. The
terminal voltage curve shows a gradual rise, while the excitation voltage curve follows a
similar trend but at a higher voltage level than the terminal voltage.

This trend indicates that increasing the shunt capacitance enhances the system
voltage by strengthening the magnetic field excitation. This can be attributed to the
increased reactive power generated by the capacitor, which helps sustain the magnetic field
within the generator. Therefore, increasing the shunt capacitance can be an effective method
[18] for improving voltage stability in self-excited generator systems, which is crucial for
isolated stand-alone power system applications.
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Figure 6. Relationship Between Excitation Voltage and Terminal Voltage with
Shunt Capacitance

e. Impact of Shunt Capacitance on Frequency Stability Under Varying Loads

Figure 7 presents the relationship between frequency variation and load changes for
different shunt capacitance values. The graph shows that frequency decreases with
increasing load power. The curves demonstrate the influence of shunt capacitance variations
(1 pF to 5 puF) on frequency stability. An increase in generator current is observed, leading
to reduced rotor speed caused by higher electromagnetic torque. Consequently, the
operational frequency declines. The results indicate that capacitors do not significantly
improve frequency stability.
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Figure 7. Variation of Terminal Frequency with Load Changes
f. Effect of Shunt Capacitance on Excitation Current

Figure 8 presents a graph illustrating the relationship between shunt capacitance and
excitation current during no load condition. The graph shows that excitation current
gradually increases as the shunt capacitance increases. Without a shunt capacitor, the
excitation current is relatively low, whereas with increasing capacitance up to 5 pF, the
excitation current exhibits a consistent rise. This trend indicates that the addition of a shunt
capacitor not only contributes to an increase in terminal voltage but also enhances the
excitation current in the generator’s auxiliary winding.
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Figure 8. Variation of Excitation Current with Shunt Capacitance

CIRCUIT: Jurnal llmiah Pendidikan Teknik Elektro, Vol.9, No.2, August 2025 | 221
https://jurnal.ar-raniry.ac.id/index.php/circuit



https://jurnal.ar-raniry.ac.id/index.php/circuit

ISSN  2549-3698 Muhammad Ikhsan
e-ISSN 2549-3701

The increase in excitation current can be attributed to the rise in reactive power
supplied by the capacitor, which helps sustain excitation voltage and strengthen the rotor’s
magnetic field. With a stronger magnetic field, the generator can maintain more stable
operation, especially under varying load conditions.

The results suggest that shunt capacitance can effectively enhance field excitation and
maintain generator performance in SEIG-based power generation systems. This approach is
particularly beneficial for stand-alone systems disconnected from the main grid. However,
optimizing the capacitance value remains crucial to prevent excessive increases in excitation
current and voltage, which could negatively impact efficiency and reduce the generator's
operational lifespan.

Experimental results highlight the role of shunt capacitance in improving voltage,
excitation, and frequency stability in SEIG systems. The graphical analysis confirms that
increasing shunt capacitance aids in maintaining terminal voltage and excitation. However,
shunt capacitors do not significantly enhance terminal frequency. The relationship between
shunt capacitance and excitation current demonstrates a trend of increasing excitation current
with higher capacitance values. While this helps sustain terminal voltage and the magnetic
field, excessive excitation current can lead to higher power losses, increased temperatures in
the auxiliary winding, and potential long-term reductions in generator efficiency. Therefore,
further analysis is necessary to determine the safe excitation current limits and develop
control strategies to prevent excessive auxiliary winding stress.

All presented results represent steady-state conditions, without considering the
dynamic effects of sudden load changes. In real-world applications, power systems often
experience instantaneous load variations, which can cause voltage and frequency oscillations
before reaching a stable state. Thus, it is essential to investigate how a system with shunt
capacitance responds to load transients and whether this method is effective in damping
short-term fluctuations.

Conclusion

This study investigates the performance of a stand-alone self-excited induction
generator (SEIG) system operating in an isolated grid configuration. The results demonstrate
that while shunt capacitance effectively maintains voltage stability, its contribution to
terminal frequency improvement is limited. Furthermore, excessive excitation current was
found to adversely affect system efficiency.

The research focuses on a small-scale generator system where shunt capacitance
significantly influences the generated voltage stability. However, in large-scale power
applications, additional factors including grid interactions and transmission line impedance
may substantially impact SEIG performance. These findings suggest the need for further
research to examine SEIG behavior in more complex grid environments.
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