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Analysis of the external network parameters influence on the operating characteristics
of self-excited induction generators

Introduction. Self-excited induction generators (SEIGs) play a vital role in renewable energy systems, particularly in remote regions.
However, their performance is highly sensitive to excitation capacitance, rotor speed and load variations, making stability and reliability key
challenges. Problem. Simplified analytical models fail to capture the complex internal interactions within SEIGs, limiting the analysis of how
external network variations influence their dynamics. Moreover, the gradual degradation of excitation capacitors, a common fault in
practice, significantly reduces generator efficiency. The goal of this work is to analyze the influence of excitation capacitance, rotor speed
and load variations on SEIG performance, focusing on gradual capacitor degradation and open-phase faults to provide guidelines for
reliable and efficient design. Methodology. Finite element modeling (FEM) with ANSYS Maxwell is used to accurately simulate
electromagnetic and mechanical dynamics under realistic operating conditions. Results. Simulations show how changes in capacitance,
rotor speed and load greatly affect voltage and current stability. Capacitor faults and open-phase conditions cause current distortion,
voltage unbalance and reduced efficiency. Scientific novelty of this work lies in the FEM-based analysis of gradual excitation capacitor
degradation in SEIGs. It was determined that this degradation directly impacts voltage balance, current waveform distortion and overall
efficiency. Practical value. The findings provide clear guidelines for selecting optimal excitation capacitance and load ranges, reducing
costs while enhancing the reliability and efficiency of SEIGs, particularly in isolated regions. Also this study offers new physical insight and
a reliable framework for generator condition monitoring and design optimization. References 24, tables 1, figures 12.
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Bcmyn. Asmonomni acunxponni eenepamopu (SEIGSs) gidigparoms jcummeso 8axciugy poib y CUCIEMAX 6IOHOGTIO8AHOT eHepeemuKuU,
ocobnueo y giodanenux pezionax. Ilpome ixua npooyKmueHicmes GUCOKOUYMAUBA 00 EMHOCTI 30YOXHCEHHSA, WBUOKOCMI pOmMopa ma 3MiH
HABAHMAIICEHHS, WO podums cmabitvHicms ma HadiliHicme Karowosumu eukiukamu. Ilpoonema. Cnpoweni anarimuuni mooeni He
30amHi 6i00Opazumu cKkiaoui enympiwHi 63aemooii 6 SEIG, wjo obmescye ananiz moeo, sk KOIUBAHHSL 306HIUHbOT MEPEXCT BNIUBAIOMb
Ha ixnio ounamixy. Kpim mozo, nocmynoea dezpaoayis KOHOeHcamopie 30Y0HCceHHs, WO € NOUWUPEHOI0 HeCHPAGHICMIO HA NPAKMuyi,
Cymmeso 3HUdICYe egpekmugricme 2enepamopa. Memoio pobomu € ananiz 8naugy eMHOCmi 30y0diceHHs, WBUOKOCI pomopa ma 3MiH
Hasanmavicennss Ha npooykmuenicmv SEIG, 30cepedoicyiouucy Ha nocmynosii Oeepadayii kKonOencamopie ma obpusax @as, uwod
Hadamu pexomeHoayii 05 HaditiHo20 ma egpexmusHo2o npockmysannsi. Memooonozis. J{ns mouno2o MoOeno8anHs eneKmpoMacHimHol
ma mexamiuHoi OuHaMiKu @ peanicmuiHux pobouux yMo8ax GUKOPUCMOBYEMbC MOOENIOBAHHS Memo0oM cKinuennux eremenmis (FEM)
3a donomoeoio npozpamuozo xomniexcy ANSYS Maxwell. Pesynomamu. Mooenosanns nokasye, K 3miHu €MHOCHI, WBUOKOCTL
pomopa ma HABAHMAICEHHs 3HAYHO 6NAUBAIOMb Ha cmabintbhicmb Hanpy2u ma cmpymy. Hecnpagnocmi konoencamopie ma ymoeu
06pugy azu cnpuyuHAIOMb CHOMBOPEHHA CMpPYMY, oucbananc nanpyeu ma suudicenus epexmusnocmi. Haykoea noeuzna pobomu
nonsieac 8 ananizi NOCMynoeoi oecpadayii kondencamopie 30yoacenns 6 SEIG, sacnosanomy na FEM. Bcmanosneno, wo ya decpadayis
be3nocepedHbo BNIUBAE HA OANAHC HANPYeU, CHOMBOPEHHS POPMU XEUNL CIIPYMY Ma 3a2anvHy eekmusHicmo. Ipakmuuna yinnicme.
Ompumani peyrsmamu HA0AMs YimKi pexomeroayii 0s 6ubOPY ONMUMATLHOT EMHOCII 30Y0XCceHHA ma Jlana3oHi8 HABAHMANCEHHS,
SHUICYIOUU 8UMPAMU MA 0OHOYACHO Niduwyiouu Hadinicms i egpekmusnicmv SEIG, ocobauso y siddanenux pecionax. Taxoc ye
00CHIOINCEHHSI NPONOHYE HO8e (izuuHe pO3YMIHHS MA HAOIHY OCHOGY OJisl MOHIMOPUHSY CIMAHY 2eHepamopa ma Onmumizayii 1o2o
npoekmyeanns. bion. 24, Tadmn. 1, puc. 12.

Kniouoei cnosa: acCHHXpOHHHI reHepaTop 3 caMo30y/J:KEHHSIM, CTa0LILHICTL HANPYrH, CHIOTBOPEHHS CTPYMY, NiABMIICHHS
HAii{HOCTI, pOTOpP, KOHIEHCATOP.

Introduction. With the increasing integration of
wind energy into modern power systems, the demand for
reliable and cost-effective standalone generation solutions
has grown, particularly in isolated and rural regions [1].

Among the available options self-excited induction
generators (SEIGs) have emerged as an attractive choice
due to their simple construction, cost-effectiveness, and
ability to operate without external excitation sources.
SEIGs offer several advantages, including a robust
design, low maintenance requirements, and the use of a
brushless squirrel-cage rotor. Moreover, their nonlinear
voltage speed characteristic, shaped by magnetic
saturation, enables stable operation even under slight rotor
speed variations beyond the rated value [2].

Despite these advantages, the practical deployment of
SEIGs requires continuous performance assessment, as
they are highly sensitive to excitation capacitance, rotor
speed, and load variations [3]. Faults and parameter
variations can significantly degrade SEIG performance. In
particular, excitation capacitor failures or open-phase
conditions disturb the excitation balance, leading to
distorted stator currents, unstable torque, and voltage
fluctuations, which may escalate into complete system
breakdown [4]. While the minimum and maximum
capacitance levels required for self-excitation are well

known, selecting and maintaining optimal values under real
operating conditions remains a technical challenge [5].

To overcome these limitations, this study adopts the
finite element modeling (FEM) to model SEIGs with high
accuracy under both healthy and faulty conditions. The
machine is first simulated as a motor and then transitioned
to generator mode once the rotor exceeds synchronous
speed, with self-excitation sustained by a connected
capacitor bank [6]. Variations in capacitance, rotor speed,
and load are investigated systematically, along with the
impact of capacitor disconnect and open-phase faults on
generator dynamics.

The goal of this work is to analyze the influence of
excitation capacitance, rotor speed and load variations on
SEIG performance, focusing on gradual capacitor
degradation and open-phase faults to provide guidelines
for reliable and efficient design.

Literature review. Induction machines have been
widely investigated for use as generators in isolated
applications. In [7], the authors proposed and evaluated
series compensation techniques to improve the high-
power variable speed operation of SEIGs, showing
enhanced stability and power quality, which strengthens
the reliability and practical feasibility of these generators
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in modern energy systems. Meanwhile, in [8] authors
focused on employing the dragonfly algorithm for
transient and steady-state analysis of SEIGs, highlighting
the potential of computational intelligence methods in
performance modeling rather than direct operational
enhancement. Furthermore, practical applications of these
machines have been presented in [9].

SEIGs offers several advantages, including
robustness, light weight, compact size, and a brushless
structure that reduces maintenance requirements and
losses, making it a cost-effective solution. Moreover,
SEIGs are characterized by simple operation and fast
dynamic response, which further enhance their suitability
for small-scale power generation.

In [10] an experimental investigation was conducted
to evaluate and compare the performance of a SEIG and a
permanent magnet synchronous generator for standalone
renewable energy applications. The study utilized a
micro-hydro turbine to drive both generators and
examined their behavior under different load scenarios,
including resistive heating and an induction motor-driven
pump. With a focus on maintaining constant voltage and
frequency in isolated systems, the research aimed to
identify a simple, cost-effective, and reliable solution
without relying on power electronic switches for reactive
power compensation. The findings highlighted the
viability of SEIGs as an economical and practical option
for small-scale independent power generation.

Several studies have addressed parameter
identification, voltage regulation, and performance
optimization under steady-state, transient, and dynamic
operating conditions [11, 12]. Authors [13] proposed an
improved DSTATCOM control scheme using an
enhanced phase-locked loop based on the current
synchronous detection method, resulting in better terminal
voltage regulation and enhanced power quality. In
addition, in [14] were analyzed open-circuit capacitor
faults in SEIGs and demonstrated that such faults can
reduce torque to zero, destabilizing the system. Their
approach utilized the Hilbert-Huang transform for fault
detection. However, this study did not consider capacitor
aging. In contrast, our work addresses this gap by
evaluating the effects of capacitor aging on SEIG
performance and reliability. Furthermore, we expand the
study to include variations in capacitor capacity, load
changes, rotor speed fluctuations, and phase-opening
faults, providing a comprehensive assessment of factors
influencing SEIG operation.

However, most previous studies rely on traditional
SEIG modeling approaches, such as small-signal or d-g
axis models, which often fail to capture the nonlinear
behavior accurately under variable operating conditions,
such as variations in load, rotor speed, and capacitance. In
comparison, the present study employs the FEM, a robust
and reliable approach capable of accurately representing
the magnetic field and dynamic behavior of the generator.
This methodology enhances the credibility of the results
and addresses the limitations found in prior research.

Presentation of the main material. The FEM
analyzes magnetic fields by considering factors such as
the geometry of the magnetic circuit, the arrangement of
stator windings and rotor bars, the presence of slots
around the air gap, and the nonlinear characteristics of

ferromagnetic materials [15]. Moreover, the behavior of
electromagnetic systems is fundamentally governed by
Maxwell’s equations, which describe the essential
relationships between electric and magnetic fields, as well
as the intrinsic properties of various materials. These
equations form the foundation for modeling and analyzing
electromagnetic phenomena. In this context, it is crucial
to integrate motion with the field equations within the
FEM [16-18] to ensure an accurate and comprehensive
representation of the system’s dynamic behavior.
The general 2D formulation of Maxwell’s equations
is expressed as:
VxE =—0B/ot. 1)
This equation describes how a time-varying
magnetic field induces a circulating electric field, where
E is the electric field intensity; B is the magnetic flux
density; ¢ is time; V is the curl operator denoting the
rotational derivative of a vector field.
The Maxwell-Ampere law is expressed as follows:
VxH = J,+ dD/ox. 2)
where H is the magnetic field intensity; J, is the
conduction current density; D is the electric flux density.
In practical applications, particularly at industrial
frequencies, the displacement current term 0D/0t is very
small and can be neglected. Thus, (2) simplifies to:
VxH =J,. 3)
The relationship between the electric flux density
and the free electric charge density p, is given by:
V-D=p,. @)
Since the divergence of the curl of any vector field is
always zero, applying this property to the Maxwell—-
Ampere law leads to the general continuity equation:
V(VxH)=V-J,=0. 5)
This equation represents the conservation of electric
charge, implying that, in steady-state or low-frequency
applications where the displacement current is negligible
0D/0t = 0 and charge accumulation is minimal 0p,/0¢t = 0,
the net current entering a closed surface is equal to the net
current leaving it.
The electromagnetic behavior of materials is
governed by Ohm’s law in differential form:
J.=oE, (6)
where o is the electrical conductivity of the material.
The electric flux density can be formulated as:

D=¢E=gygE, 7
where & is the vacuum permittivity; & is the relative
permittivity.

The magnetic flux density can be written as:
B = p-H= pypi-H, (®)

where 4 is the permeability; g is the vacuum
permeability; y, is the relative permeability.

In summary, these equations form the basis for
modeling electromagnetic fields and, within the FEM,
allow accurate simulation of complex systems under
dynamic conditions. The accurate assessment of the
minimal capacitance necessary for SEIG is of
considerable practical significance. Numerous numerical
approaches for determining the requisite excitation
capacitance have been recorded in prior studies [19].

This work derived the precise values of the minimum
capacitance required for self-excitation based on (9) [20]:
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Camin = Ogen / 3U @, 9)
where Cypin 1s the minimum capacitance per phase in A
connection; (g, is the reactive power that must be
supplied by the excitation capacitors to establish self-
excitation in the generator; the angular frequency o = 27f,
where fis the supply frequency; U is the phase voltage.

Initially, the reactive power consumed by the
asynchronous machine while operating as a motor Q,,,; is
determined as:

Ot = (Pol 1) tan(cos ' o), (10)
where P, is the rated mechanical power; 7,, is the
efficiency of the driving mechanism; @,,, is the power
factor angle during motor operation.

After evaluating the reactive power consumed in
motor mode Q,,., the corresponding reactive power in
generator mode Q,., can be computed as:

Qgen = (Sin¢g6n / Sinwmot)'Qmot: (1 1)
where ¢,., is the power factor angle during generator
operation [21].

This study presents a numerical analysis of a SEIG
designed to operate with excitation capacitors of 151 pF.
The detailed specifications of the SEIG are listed in Table 1.

Table 1
Parameters of the SEIG

Parameter Value Parameter Value
Rated power 4 MW |Rotor slots 52
Rated voltage 3000 V |Bs0 rotor slot 3.5 mm
Coupling method Wye |Bsl rotor slot 13 mm
Number of poles 2 Bs2 rotor slot 13 mm
Rated speed 3135 rpm [HsO rotor slot 4.3 mm
Operating temperature 75°  |HsO1 rotor slot | 2.7 mm
Stator slots 54 Hsl1 rotor slot | 4.85 mm
HsO0 stator slot 4.5 mm |Hs2 rotor slot |40.25 mm
Hs2 stator slot 115mm |Hsl stator slot | 2.4 mm
BS2 stator slot 18.2 mm |Bsl stator slot |21.16 mm

Geometry and regions. Modeling half or a quarter
of the machine is possible due to symmetry; however,
once asymmetries are introduced, a full machine model is
required to accurately capture the physical phenomena.

The modeling procedure begins with the definition of
the stator slot geometry (Fig. 1), where the slot dimensions
and winding layout are carefully specified to reflect the real
machine design. The rotor slots were designed with a slight
skew angle to reduce cogging torque and mitigate magnetic
locking between the stator and rotor teeth.

Next, the rotor slot geometry is constructed, as
shown in Fig. 2. Ensuring that the bar placement and end-
ring connections are properly represented.

The stator and rotor of the studied generator were
designed and modeled within the Ansys Maxwell
simulation environment. Figure 3 shows the geometric
configuration of the notch structure along with the
distribution of slots and their corresponding parameters.

The meshing process is a fundamental step in
numerical simulation, as the quality and density of the
mesh directly affect the accuracy and reliability of the
results. A finer mesh is typically applied to critical
regions such as slots, the air gap, and areas with sharp
variations in electric and magnetic fields, where abrupt
field changes may cause significant errors if not
accurately resolved.

HsO
E Bs1 ‘ Hs1 - st
|
Hs2
Hs2

Bs2

V
Fig. 1. Stator slot

Fig. 2. Rotor slot

Fig. 3. Geometry of stator and rotor

Conversely, larger and coarser elements are utilized
in regions where the fields vary gradually, reducing the
computational load and enhancing simulation efficiency.
Moreover, the choice of element type — whether
triangular, quadrilateral, or higher-order elements —
significantly influences both solution accuracy and
computational speed. These strategies collectively aim to
achieve an optimal balance between precision and
computational efficiency in the analysis of electrical
generators. The geometry, mesh and phases distribution
of the studied model are shown in Fig.4.

Phase B Phase A

Squirrel

Rotor Bars Phase C'

Fig. 4. The geometry, mesh and phases distribution of the
studied model

In the final stage, the 2D model is created, with all
the required parameters, boundary conditions and phase
and winding distributions accurately represented. The
magnetic field distribution is depicted, providing a
detailed map of flux lines and field density, which allows
for an in-depth analysis of the machine’s electromagnetic
performance. Figure 5 shows the Maxwell 2D model and
the corresponding magnetic field distribution.
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Fig. 5. Maxwell 2D model (a) and the distribution of magnetic
flux density (b)

This sequential workflow from geometry definition,
through meshing, to field distribution ensures a reliable finite
element representation of the machine, forming the
foundation for accurate simulations and further performance
evaluation.

Simulation results and discussion. The developed
model is tested using the time stepping FEM to evaluate
its performance under no-load conditions. The voltage
output of the SEIG remains stable at 3 kV, while the
stator current settles at 550 A without distortions,
confirming that the generator operates reliably in this
state.

Figure 6 shows the root mean square (RMS) values
of both voltage and current, clearly illustrating their stable
and distortion-free behavior.

Influence of capacitance value. In [22] a steady-
state equivalent circuit model of a 5 kW (SEIG) was
employed, focusing on optimizing shunt and series
capacitances for frequency regulation.

Two optimization techniques, the genetic algorithm
(GA) and the gravitational search algorithm (GSA),
were applied to determine the optimal capacitor values
under resistive and resistive—inductive loads.

The results showed that optimized capacitor sizing
significantly reduced frequency deviation and enhanced
operational stability, with comparable performance
between the two methods.

—— Phase A —— Phase B—— Phase C El
U, kV

—— Phase A —— Phase B—— Phase C
i, A
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400
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100

s

12 3 4 5 6 7 8 9 10
Fig .6. The RMS values of voltage (@) and current (b)
under the no-load condition

Since that study focused on the effect of capacitance
on frequency, our work emphasizes the impact of excitation
capacitance on the self-excitation time, voltage, and current
of the SEIG. Starting from the minimum capacitance of
Cpy = 452 pF, the value was progressively increased to
900 pF, 1200 pF and 1500 pF. The corresponding results
are presented in Fig. 7, which shows the influence of
excitation capacitance on the voltage build-up process of the
generator. For a capacitance of 900 pF, the voltage
stabilizes at approximately 3.6 kV after nearly 3 s,
indicating slower excitation, with the corresponding RMS
current reaching about 1.53 kA. Increasing the capacitance
to 1200 pF raises the voltage to around 3.9 kV within 2 s,
accompanied by a steady-state current of nearly 1.55 kA. At
1500 pF the generator achieves nearly 4.2 kV in less than
1.5 s, while the current rises to approximately 2.3 kA,
highlighting a significant improvement in both excitation
time and output magnitude.

—— C=900uF —— C=1200uF —— C=1500uF
{0V 2]
4
34
2 -
14
0 ; — ———— LS
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25
—— C=900uF —— C=1200uF —— C=1500uF (5]
i, kKA
2,0
1,5
1,0
0,5
i fs
0 1 2 3 4 5 6 7
Fig. 7. RMS values of voltage (a) and current (b) under variable
capacitor value
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These results clearly demonstrate that higher
capacitance values reduce the self-excitation time, but
they also increase the voltage and current beyond the
generator’s capacity, which may put it at risk. This
highlights the importance of careful and precise selection
of the appropriate capacitor size.

Moreover, our experiments show that selecting a
capacitance up to 10 % above the minimum required is
beneficial, as it ensures self-excitation, improves voltage
stability, and enhances the power factor. However, this
should be regarded as a practical guideline based on the
studied operating conditions, since the actual impact
depends on the generator characteristics, rotational speed,
and the connected load.

Influence of speed. The second parameter
influencing the generator’s electrical characteristics is
rotor speed. We set the capacitance value at Cy = 900 pF
and created a variable speed profile (Fig. 8).

4,0k

n, rpm
3,5k -

:

3,0k
2,5k
2,0k
1,5k
1,0k -

500,0 -

0,0

1 2 3 4 5 6 7 8 9 10
Fig. 8. Profile of variable rotor speed

Rotor speed fluctuations are a key factor influencing
the electrical characteristics of the induction generator, as
illustrated in Fig. 9.
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Fig. 9. RMS values of voltage (a) and current (b)

under a variable rotor speed profile
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An increase in speed leads to higher voltage and
current, while a decrease reduces these values. The
analysis results indicate that when the rotor speed
increased by 25 rpm above the synchronous speed of
3110 rpm and stabilized at 3135 rpm, the start-up was
smooth, as observed in the current and voltage signals
during the period from 0 to 2.5 s. In contrast, when the
rotor speed rose significantly above this value, the voltage

exceeded 3 kV, pushing the generator beyond its design
capacity, increasing its temperature, and potentially
leading to failure. Accordingly, this study concludes that
the rotor speed should not exceed 30 % above the
synchronous speed (approximately 4043 rpm) in order to
avoid operational risks and ensure the stability and safety
of the generator. To address this, control techniques such
as blade angle adjustment in wind turbines or advanced
electronic systems for voltage and current regulation are
employed to maintain safe operation. The ability of the
induction generator to withstand such fluctuations without
voltage collapse is essential for grid stability and for
enhancing energy production efficiency.

Influence of load. This section investigates the impact
of load variation on the generator’s performance. The study
in [23] analyzed and simulated wind-driven SEIG supplying
isolated DC loads using a MATLAB/Simulink model,
focusing solely on DC loads without considering AC or
variable loads more comprehensively. In contrast, in our
study, a balanced 3-phase load of 3 Q is applied at 1 =0.05 s
after the generator reaches steady-state, followed by
successive tests with loads of 5 Q and 10 Q. The resulting
voltage and current responses, shown in Fig. 10, highlight
the nonlinear behavior of the SEIG under varying load
conditions. For a 10 Q load, the generator maintains a nearly
constant voltage of 2.8-2.9 kV with a steady current of
0.55-0.6 kA, demonstrating stable operation.

—R30 —R50 — R=100Q
34U, kV IZ'

\

1 2
1,5
T l=——R=3Q —R=5Q —R=10Q
b

i kA
s _\
0,5
0,0 7,8

0,0 0,5 1,0 1,5 2,0 25 3,0

Fig. 10. The RMS values of voltage (a) and current ()
under different load values

At 5 Q, the voltage gradually decreases to around
1.4-1.5 kV, while the current stabilizes at approximately
0.8 kA. In contrast, a 3 Q load leads to a pronounced
decline in voltage, falling from ~2.6 kV to ~1.4 kV,
accompanied by a current drop from ~1.2 kA to ~0.55 kA.
These results demonstrate that heavier loads significantly
accelerate voltage decay while only moderately affecting
the current, emphasizing the importance of load
management to preserve generator stability and efficiency.

Influence of open phase fault. Previous research in
[14] investigated the performance of SEIG under phase
fault conditions. The study focused on a line-line fault
between phases A and B. During this fault, the voltage of
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the directly affected phase A dropped immediately to zero
at t = 1.6 s, while the voltages of the remaining healthy
phases B and C decreased shortly afterward at £ = 1.68 s. At
the same time, a sudden surge in current occurred in the
affected lines during the initial cycles following the fault.

However, this study did not explicitly examine the
effects of an open-phase fault, in which a single phase is
suddenly disconnected from the supply.

In the present study, phase A was intentionally
interrupted at ¢ = 7 s after the generator reached steady-
state operation under load, as shown in Fig. 11. This
disconnection caused the current in the faulty phase to
collapse to zero, while the currents in the remaining
phases decreased, forcing the generator to operate in a
single-phase mode. The faulty phase also exhibited a
transient voltage rise before stabilizing at a lower value,
resulting in a clear imbalance among the 3-phase
voltages. These disturbances can compromise the stability
of control and protection systems, as voltage and current
fluctuations may trigger protective relays and disconnect
the generator from the network, potentially causing
unplanned outages and economic losses. The findings
emphasize the necessity of advanced monitoring and
protection strategies, including vibration analysis, thermal
imaging, and real-time diagnostics supported by
predictive algorithms, to enable early fault detection and
corrective actions before severe damage occurs.
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Fig. 11. RMS values of voltage (a) and current (b)

under an open phase A condition
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Influence of capacitor degradation. The
progressive reduction in the capacitance of the excitation
capacitor due to aging, thermal, or electrical stress [24] is
a common fault in SEIGs, directly affecting their
electrical stability. Figure 12 illustrates the current and
voltage waveforms during this fault.

The gradual capacitor failure occurs while the
generator is in operation, between 5 s and 7 s, leading to a
drop in current from approximately 480 A to 370 A,
followed by voltage waveform distortion. This gradual
degradation reduces efficiency and shortens the
generator’s service life. Unlike previous studies that
mainly focused on sudden disconnection, this work

provides a precise analysis of the mechanism of gradual
capacitance collapse using FEM, enabling researchers and

engineers to gain deeper insights and enrich the
understanding of generator stability.
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ts
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Fig. 12. RMS values of voltage () and current (b)
under the condition of capacitor degradation

Conclusions. The main findings of this study are
summarized through the analysis of internal and external
factors influencing SEIG performance.

It was demonstrated that the excitation capacitance
directly affects voltage stability and excitation time, as
higher capacitance accelerates voltage build-up but
increases the risk of overvoltage.

Regarding mechanical factors, rotor speed variation
significantly influences voltage and current magnitudes,
with stable operation ensured when the speed does not
exceed 30 % above the synchronous value. Under external
conditions, load variations revealed the nonlinear behavior
of SEIGs, where heavier loads accelerate voltage decay,
emphasizing the importance of proper load management.

Furthermore, open-phase faults cause severe voltage
imbalance and current distortion, highlighting the
necessity of advanced protection mechanisms. Notably,
the gradual degradation of excitation capacitors due to
aging serves as a reliable fault indicator, as it reduces
current amplitude and distorts voltage waveforms.

The FEM-based analysis proved to be an effective
approach for evaluating generator stability under both
healthy and faulty conditions. Based on these findings, it
is recommended to maintain the excitation capacitance
slightly above the minimum required value (by
approximately 10 %) to ensure reliable self-excitation and
improve the power factor.
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