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Abstract

This study is a detailed theoretical and simulation study of effect of flywheel mass distribution on the
performance of a rotational energy generation system. A mathematical model was developed based on the
principles of rotational energy to investigate the relationship between the different time conditions (150 s,
350 s, 550 s, and 750 s) and flywheel mass (1-30 kg). The simulation result shows that the magnitude of
flywheel mass increased by 1kg to 30kg, and the angular velocity decreased by about 42 - 65% when it
operated under constant torque, and the stored rotational energy increased by more than 120% because of
the increase in the moment of inertia. In addition, dynamic analysis of the systems revealed that an increase
in the control time constant increased the stability, with oscillations being reduced by around 30% and steady
state conditions being reached earlier (after ~200-300 s). The analysis of the different configurations of the
DC motor indicated that the voltage stability of Type 3 and hybrid systems was more than 90%, with a minor
voltage drop of about 8-12% for an increased mechanical load on Type 4. Furthermore, it was seen that the
initial voltage was linearly related to the output voltage for all the setups with a correlation coefficient of about
0.98. The results offer valuable design information for the optimization of flywheel systems, such as mass
distribution and motor configuration, to ensure efficient, stable, and reliable energy generation.
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INTRODUCTION

Research efforts into advanced energy storage technologies have been greatly stimulated by the world's
increasing demand for efficient, reliable and sustainable sources of energy (Saleh and Hassan, 2024). Of all
these, flywheel energy generators have been found to be an extremely promising technology, owing to its
unique features such as high power density, long run life, and quick charging/discharging capacity (Smdani et
al, 2023). Unlike traditional electrochemical batteries, flywheel systems rely on mechanical energy, as
spinning momentum, to store energy, which is a more environmentally-friendly and durable method (McGinty,
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2024). Flywheel technology is ideal for applications like renewable energy integration, grid stabilization and
backup power systems due to these characteristics (Ali et al.,, 2023). One of the most important factors that
affects the effectiveness of a flywheel energy system is the mass distribution of the flywheel, which directly
affects the moment of inertia and thus the amount of energy stored (Nkomo and Alugongo, 2024).
Theoretically, Energy of a flywheel is directly proportional to angular velocity and the moment of inertia.
Hence, mass distribution is very important to maximize energy storage and guarantee safe operation (Moa
and Go, 2023). However, at higher speeds of rotation, improper mass distribution may result in wasted energy
in energy storage, mechanical stress, and even structural failure (Xu et al., 2023).

Flywheel

A Flywheel is given a high rotational inertia; i.e.,
most of its weight is well out from the axis

rim-type flywheel tapered-disk flywheel

Figure 1 Common Flywheel Configurations Used in Energy Storage Systems

Therefore, the theoretical design of wheel mass profiling is extremely important to ensure the energy
performance and mechanical integrity balance (Dai and Padture, 2023). Wheel Mass Profiling is the use of
strategically placing mass around the radius of the flywheel to optimize the flywheel's key performance
parameters, including angular velocity, torque, rotational stability, and energy efficiency (Arcieri et al., 2024).
This idea is important because the behavior of systems depends greatly on the different mass configurations.
For instance, a rim-heavy design, with more materials in the outer radius, has a higher moment of inertia as
well as more energy storage capability (Nour et al,, 2023). However, a uniform (solid disk) pattern gives
increased structural strength and decreases the stress concentration and also stores comparatively less energy
(Santos etal,, 2022). This results in a trade-off between the maximum amount of energy stored and mechanical
safety.
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Figure 2 Flywheel Configurations Showing Central and Peripheral Mass Distribution
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In addition, a properly-designed mass profile is a crucial part of the dynamic performance of the flywheel
system. Correct mass distribution gives better rotation balance, reduces vibration and reduces mechanical
losses due to friction and aerodynamic drag (Siji et al., 2025). These enhancements directly support improved
system efficiencies and longer life. In high speed flywheel systems, even minor imbalances can result in high
levels of system instability, so it is critical to ensure that the system is symmetrical and the mass is optimally
placed (Jing et al.,, 2024). Theoretical analysis of mass profiling is therefore helpful in maintaining an optimum
balance between the energy storage criteria and material strength limit, stress requirements and fatigue
resistance (Bamisile et al., 2023). Another important point is the connection between the wheel radius, the
wheel velocity and the stress.

The working principle and structure of
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Figure. 3 Structure and components of a flywheel

The larger the radius and rotational speed, the greater the amount of energy that can be stored, but the higher
the centrifugal loading, the more it will surpass the limits of material strength. This indicates that optimization
of flywheel design must be performed with great care, to prevent catastrophic failure (Nagali et al.,, 2024).
Advanced materials like composite fibres are frequently used in high stress applications, where weight has to
be reduced. A detailed theoretical study of wheel mass profiling is presented in this study and its effect on the
performance of a flywheel energy generator is studied.

Q5). Determine the mass moment of inertia of the flywheel shown in the diagram below if the material is
steel. The density of steel is 8050 kg/m® .
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Figure 4 Dimensional Representation of a Flywheel for Inertia Analysis”
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The distribution of mass and the radius of the wheels, as well as the relationships between them and the
rotational dynamics, are analyzed systematically to identify optimal design conditions (Chen et al., 2024).
Special focus is on the significance of mass distribution changes to system stability, operational efficiency and
energy storage for various loading conditions. The results obtained from this research will be used to develop
practical and theoretical design guidelines for efficient energy storage, high-speed stable operation, and
adaptability in different load situations (Han et al, 2025). Overall, this research helps enhance the
understanding of how physical design attributes interact with system performance and can be applied in
designing efficient and reliable flywheel-based energy storage systems (Jayabal, 2025).

Steel Casing
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Vacuum
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Generator & Motor

Active Magnetic Bearing

Integrated Flywheel System Package Cutaway Diagram
(Courtesy of Stornetic)

LITERATURE REVIEW

Bello et al. (2026) studied “Hybrid Renewable Energy Systems for Small-Scale Applications” and employed an
evaluation-based methodology that analysed each system using key performance indicators such as efficiency,
reliability, cost-effectiveness, and environmental impact, focusing on system components such as renewable
generators, storage units, and power conditioning devices. The study found that hybrid systems significantly
improved power supply stability compared to single-source systems, enhanced energy access in rural and off-
grid areas, and reduced greenhouse gas emissions through the integration of solar, wind, and storage
technologies. However, the study is limited by its reliance on theoretical evaluation rather than extensive real-
world experimental validation and does not deeply address location-specific optimization challenges or
implementation constraints, which may affect practical deployment.

Lietal. (2022), in the study titled “Performance Comparison of Electromagnetic Generators Based on Different
Circular Magnet Arrangements,” investigated how different circular magnet configurations—namely
alternating, Halbach, and separate arrangements—affect generator performance. The authors employed a
combined methodology involving theoretical modelling, MATLAB simulation, and experimental validation
using fabricated prototypes to analyse induced electromotive force, output power, efficiency, and charging
performance. The findings revealed that the alternating magnet arrangement achieved the highest
performance, producing approximately 2.55 mW of power with about 0.6% efficiency and demonstrating
superior capacitor charging capability compared to the other configurations. However, the study is limited by
its relatively low energy conversion efficiency under low-frequency conditions and its focus on controlled
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experimental settings, which may not fully represent real-world operating environments or scalability
challenges. Casis et al. (2012), in the study titled Student Engineers' PULSAR, investigated the development
and performance of a free-energy generator. The methodology employed in the study was based on
experimental development combined with a descriptive research approach, where the constructed device was
evaluated by seven purposively selected assessors. The results of the study indicated that the generator was
reliable, functional, and environmentally friendly in its operation. However, the study was limited by the small
sample size of evaluators, which restricts the generalisability and strength of the findings, making it difficult
to draw broader conclusions about the system'’s effectiveness. Kincheloe (2017), in a study on the Sunburst
homopolar generator, evaluated its performance and feasibility as a free-energy device. The methodology
involved experimental testing conducted between August 1985 and April 1986, where a three-phase AC 40-
horsepower motor was used to drive the generator through a belt system, supported by power supply units
and metering instruments for measurement. The results showed that the generator was inefficient and
unsuitable for practical power generation due to factors such as concentrated magnetic fields, high power
input requirements, voltage drops in brushes, and significant friction losses. Although some anomalous results
were observed, they did not align with established theoretical principles. Additionally, the study found that
extracting output power led to an increase in input power by approximately 13% to 20% of the maximum
generated power, thereby contradicting claims of free-energy generation. A key limitation of the study was the
potential inaccuracy in measurement techniques, which raised doubts about earlier claims of high output
power with minimal input. Inam and Al-Turjman (2021), in their study titled “Intelligent Free Energy Usage
through Radiant Energy Space Phenomenon: An IoT-Powered Prototype for Modified Bedini Generator,”
explored the development of an advanced free-energy system based on a modified Bedini generator. The
methodology involved redesigning the traditional Bedini generator using an eight-pole neodymium magnet
and integrating Internet of Things (IoT) technology for improved monitoring and control, while evaluating
system performance through the coefficient of performance (COP). The results revealed that the developed
prototype achieved a COP of 1.837, indicating approximately 30% higher efficiency compared to the original
Bedini model, along with about 35% cost savings due to reduced maintenance and lifecycle costs. The system
also demonstrated potential applications in addressing global energy challenges and supporting smart city
development. However, the study was limited by the early-stage nature of practical implementation of free-
energy technologies, indicating that further research and real-world validation are still required. Khan et al.
(2015), in their study titled “Clean Energy Analysis of ‘Free Energy’ Perpetual Motion Machine System Based
on Permanent Magnets,” critically examined the feasibility of a permanent magnet-based free-energy system.
The methodology involved theoretical analysis and simulation using PRO ENGINEER Wildfire 5.0 to evaluate
the behaviour of a specifically arranged permanent magnet configuration. The results demonstrated that the
system does not generate free energy and strictly adheres to the law of conservation of energy, thereby
confirming that perpetual motion machines (PMMs) are not feasible. The analysis showed that the device does
not produce more energy than it consumes, contradicting claims of free-energy generation. A key limitation of
the study is that it relied primarily on theoretical modelling and simulation without extensive experimental
validation, which may limit practical insights into real-world performance. Pitkdnen (2016), in the study titled
“Tewari's Space-Energy Generator Two Decades Later,” examined the theoretical foundations and
performance of Tewari’s space-energy generator. The methodology was based on the development of
theoretical models within the Topological Geometrodynamics (TGD) framework, drawing from observations
of rotating magnetic systems and introducing concepts such as the magnetic body, dark phases, and Zero
Energy Ontology. The results suggested that the generator is capable of converting rotational energy into
electrical energy with a coefficient of performance (COP) of approximately 2.5, with proposed explanations
involving unconventional energy sources such as dark nuclear fusion and Coulomb interaction energy.
However, a key limitation of the study is the inability to clearly identify the actual energy source and the lack
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of a detailed, experimentally validated model explaining the mechanism of energy generation at the magnetic
body, which limits its scientific acceptance.

Chute et al. (2018) conducted a study on “Self-Powering Vehicle,” which investigated the use of a flywheel-
based energy system for vehicle propulsion. The authors used an experimental approach with a one-
horsepower motor and a belt-and-pulley system to power a generator. The generator generates electricity
when it reaches its maximum rotational speed (RPM), and a flywheel is connected in parallel with the
generator to accumulate and smooth out the electricity generated. The stored energy is then channeled to be
used to drive the vehicle, indicating a self-sustaining system. The study identified the potential for conceptual
integration of mechanical energy storage with electrical generation to improve the efficiency of the vehicle.
The results, however, present only qualitative evidence, and the results and performance measurement
metrics lack detail, limiting the evaluation of the system's effectiveness and real-world applicability. Moreover,
the fact that the study does not include thermodynamic validation of the claim “free energy,” and there is no
empirical data or efficiency analysis, reduces the scientific strength and credibility of the study.

Shroti (2017), in the study titled “Free Energy Generation Advanced Research,” investigated a flywheel-based
system aimed at producing excess electrical energy. The methodology involved the use of a 1/4-horsepower
mains motor driving a series of belts and pulleys configured as a gear train to increase rotational speed for an
electrical generator. The system was based on Mr. Tseung’s gravity theory, where energy pulses are applied
to a flywheel to induce additional energy generation, particularly under non smooth driving conditions. The
results indicated that the system could generate more electrical power than the input supplied to the motor,
with the excess energy attributed to gravitational field interactions. It was also observed that energy output
increases with larger flywheel diameter, greater mass, concentration of weight at the rim, and higher impulse
speeds. However, the study is limited by the lack of rigorous experimental validation and reliance on
unconventional theoretical assumptions, particularly the claim of extracting energy from the gravitational
field, which is not supported by established physical laws.

METHODOLOGY

The methodology used to generate the mass varying optimum angular speed is based on the theoretical
relationship between flywheel mass and rotational dynamics under different radial conditions. First a
governing equation for angular speed was established from the energy balance of the rotational system, where
the stored kinetic energy is expressed as a function of mass distribution and radius. By assuming a constant
material density and defining discrete radial value 150, 350, 550 and 750. The relationship between mass and
angular velocity was analytically derived. The model account for how increasing mass affects the moment of
inertia, thereby influencing the angular speed require to maintain a given energy level. A computational
approach was implemented where mass values were varying indiscriminately starting from 1kg to 30kg and
corresponding angular speed were calculated using the derived expressions.

Further computed data sets of the each radius were plotted to visualize variation of angular with mass each
of blotting represents a fixed radius condition allowing for a comparative analysis across the flywheel
geometries. The plot were generated using a matrix numerical tool where mass value were defined along the
horizontal axis and the corresponding angular speed along the vertical axis. The negative trend observed in all
graphs indicates an inverse relationship between mass angular velocity consistent with theoretical

216


http://www.ijsate.com/

International Journal of Science, Architecture, Technology, and Environment Volume 03, Issue 09, September 2026
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

expectation of the rotational systems the variation in the gradient across the difference radii highlights the
influence of the radial distance on energy generation efficiency.

The methodology of adopted for data generation a systematic parametric simulation of the two DC motor
configurations within the Simulink model to evaluate their performance under varying operation conditions.
Key system parameters varied in a controlled manner, including gear ratios (1, 2, 3, 4, 5 and 6), spring constant
(2,4, 6,8,10 and 12), inertia values (5, 10, 15, 20, 25 and 30). And this supply voltage (6, 12, 16, 20 and 24 V)
For each simulation cycle a specific combination of gear spring and initial value as selected for example gear
1, spring 2 and inertia 5 for all six voltage level were applied sequentially to generate output responses. This
process produced 36 datasets for each fixed mechanical configuration, and by extending the variation across
all parameter combinations, a total of 216 datasets were generated. Two system configuration were
considered: the DC Motor Type, where identical DC motor were used, and the Hybrid Type were two different
DC motors were integrated within the same system to observe combined performance characteristics. During
each stimulation run, five key output variables were measured and recorded using dedicated simout blocks:
final voltage, initial voltage, DC speed, DC position and amateur current. The initial final voltage were obtained
from voltage sensor placed at the inputs and outputs terminal respectively, while the DC speed and DC position
were measured using rotational motion sensors connected to the motor shaft. And current was captured using
a current sensor within the motor circuit to reflect electrical loading conditions. All output were automatically
logged into the MATLAB workspace, ensuring time-synchronized data collection across all simulations. After
completion of the simulation runs, the generated datasets were carefully sorted, organized and tabulated
based on parameter combinations and motor configuration types. The processed data were then used for
graphical plotting and comparative analysis, enabling detailed evaluation of the performance, efficiency, and
dynamic behavior of both the DC motor type and Hybrid type systems under varying operation conditions.
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Figure: 1 MATLAB Design of Flywheel energy generator
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RESULT AND DISCUSION

Theoretical Design: Wheel Mass Profiling for Flywheel Energy Generator

The outcome from the simulation and analytical modelling of the flywheel energy system is provided in the
results and discussion section. Evaluation of the effect of variations in mass distribution on angular velocity,
energy storage capacity, and stability of the system is emphasized. In addition, the operation of the various
types of DC motor configurations are studied for various mechanical and electrical conditions. Theoretical
expectations are incorporated into the discussion along with the simulation results to verify the developed
model and to also find the optimal operating conditions for efficient energy generation.

Figure 2a represent the relationship between angular speed and mass at time of 150s. A gradual continues dip
was observed from the begin that as the mass increases from about 2 kg to 30 kg, also the angular speed
gradually decreases significantly from around -15 rad/s to -60 rad/s. The sharp dip downward curvature
indicates that increasing mass strongly affects the rotational dynamics because the moment of inertia
increases with mass. Though as inertia becomes larger, the system requires more torque to maintain the same
angular speed. This pattern follows the principle of rotational kinematics, which states that higher inertia
reduces angular acceleration when torque is constant. Although the angular speed magnitude becomes high
at larger masses, the large inertia may require greater torque to effectively spin the shaft, meaning the system
may not efficiently produce rotational motion unless sufficient driving torque is available. In nutshell, the
graph clear show that a very large change that may require higher torque input to maintain efficient rotation.

Figure 2b represent the relationship between angular speed and mass at time of 350s. A deep dip was observed
angular speed gradually decreases from approximately -11 rad/s to -17 rad/s as mass increases. The decline
is smoother and more linear compared with graph (a), indicating a more stable dynamic response of the
rotating system. Nevertheless, trend obeys the principle of angular velocity and rotational kinematics, where
increased mass leads to increased inertia and therefore lower rotational speed under the same torque. The
angular speed values remain within a moderate range, which suggests the system can still generate sufficient
rotational motion for torque transmission to spin the shaft effectively. The result indicates that more stable
angular speed ranges that are more suitable for producing consistent torque to spin a shaft.

Figure 2c represent the relationship between angular speed and mass at time of 550s. A gradual continues dip
was observed presents a similar decreasing trend where angular speed reduces from about -11 rad/s to -14
rad/s as the mass increases. The slope is less sharp than in the previous graphs, indicating that the effect of
mass on angular speed becomes less pronounced as the time constant increases. This pattern agrees with the
laws of rotational dynamics, where inertia increases gradually with the mass and reduces angular velocity
when torque is constant. The moderate angular speed observed in this graph suggests that the system can still
produce enough rotational motion to produce torque capable of driving the shaft, though the efficiency may
decrease slightly with larger mass.

Figure 2d represent the relationship between angular speed and mass at time of 750s. A gradual continues dip
was observed shows the smallest change in angular speed, decreasing from approximately -11 rad/s to -13
rad/s as mass increases. However, this indicates that the system becomes more dynamically stable at a higher
time constant, with mass having only a mild influence on angular velocity. The pattern still follows the laws of
rotational kinematics and torque, where increased inertia slightly reduces rotational speed under constant
torque conditions. Because the angular speed remains relatively steady, the system is capable of sustaining
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sufficient rotation to allow torque to spin the shaft, making this configuration potentially more stable for
continuous rotational operation. In conclusion, it agrees with the principles of rotational kinematics as mass
increases, moment of inertia increases and angular speed decreases if torque is constant. And show more
stable angular speed ranges that are more suitable for producing consistent torque to spin a shaft that is
connected to the motor. The effect of mass on angular velocity has been investigated in recent times, and it has
been reported time and time again that a higher mass will have a higher moment of inertia, and hence cause
the angular velocity to diminish at a constant torque. Rashid and Salam (2024) and Islam (2022) both describe
that systems with higher inertia would not allow changes in their rotational motion, thus the torque had to be
larger to keep the rotation stable and efficient. This directly corroborates the current results as the angular
speed decreases monotonously for the entire time frame as the mass increases for all time periods observed.
In addition, Fliickiger et al. (2024) point out that the energy and angular momentum of the flywheel system
depends on the distribution of mass and inertia; the more mass the less ability to change the angular velocity
quickly. This accounts for the decreasing angular speed that was seen in the present study particularly in the
higher mass conditions. They conclude that the rotational performance is highly dependent upon inertia and
torque balancing. What's more, Annamalai (2025) shows that changes in mass and material properties have a
significant impact on the rotational speed, torque output, and stability of the system. As mass is reduced the
effective mass decreases, which means that an increase in mass will have the opposite effect, reducing
rotational speed. In general, these studies validate the trend of decreasing angular speed with increasing mass
found in this study, which is consistent with the principles of rotational dynamics that a higher moment of
inertia will result in a lower angular acceleration and require more torque to be applied to the system to
maintain rotation.

Mass-Varying Optimal Angular Speed
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Figure 2 the Graph of optimal Angular Speed against Mass
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Figure 3a represent the relationship between of controlled rotational dynamics of angular velocity and mass
when the control time constant is T,.=1x10-1. A sharp continues rising was observed, at very small mass the

angular speed starts from a negative of around 0.3 rad/s and then increases rapidly as the mass increases.
After Approximately 5 to 10 kg the cork gradually approaches a steady state near 0.1 rad/s, indicating that the
system stabilized as inertia becomes balanced with applied torque. This pattern obeys the principle of
rotational kinematics because the system shows a progressive increase in angular velocity until equilibrium
is reached. However, the resulting Angular speed is relatively small, suggesting that although the torque may
initiate rotation, It may not generate a strong enough angular momentum to efficiently spin a heavy shaft in
practical applications. In addition, ability to produce enough angular speed to spin a shaft.

Figure 3b represent the relationship between of controlled rotational dynamics of angular Velocity and mass,
constant is T.=2x10-1. A sharp continues rising was observed, the angular velocity begins near 0.2 rad/s. The
faster rise and higher Stable state value compare to the graph (a) Indicate that the system responds more
effectively to the applied torque, this follows the principle of rotational kinematics where angular acceleration
leads to an increase in angular velocity until damping an inertia Limit further growth. The higher steady state
Angular speed suggest but the system can produce sufficient rotational Motion making it more capable of
generating the talk required to spin a shaft Compare with to graph in figure 4.15a

Figure 3c represent the relationship between of controlled rotational dynamics of angular velocity and mass
constant is 7,=3x10-1. A sharp continues rising was observed, the angular velocity begins slightly below zero
and rises sharply with increasing before gradually leveling off approximately 0.29 rad/s This indicates a strong
rotational due to improve energy transfer between the driving torque and the rotational inertia of the mass.
The curve demonstrates the typical exponential like Growth toward a steady state Angular velocity expected
from rotational dynamic systems. Therefore, the graph nearly obeys the principle of rotational kinematics.

Figure 3d represent the relationship between of controlled rotational dynamics of angular Velocity and mass
constant is T.=4x10-1. A sharp continues rising was observed, Where the angular speed increase rapidly from
approximately zero and stabilizes near about 0.38-0.4 rad/s as mass increases. The curve shows a rapid initial
acceleration followed by a smooth approach to steady state speed, indicating efficient dynamic control and
stable rotational motion. This pattern is consistent with the law of rotational kinematics, particularly the
relationship between torque, angular acceleration, and moment of inertia. Because this configuration
produced the highest angular speed among all the graphs it is most capable of generating adequate torque to
spin a shaft effectively, making it the more it the most suitable condition for rotational energy transfer in the
system. It is in accordance with the principles of rotational kinematics because they show angular velocity
increasing with system inertia until reaching a steady state. In this graph as the control time constant
increases, leading to higher steady-state angular velocities. The above observation in Figures 3a-3d is
confirmed by recent studies conducted by Ngaha et al. (2026) that showed an increase in the control time
constant improves the angular velocity response and system stability. They have investigated coordinated
control of flywheel and battery energy storage systems and found that the dynamic performance of rotational
systems can be significantly improved, enabling them to respond faster and reach higher steady state angular
velocities even in low inertia conditions, by the use of better control strategies. This is in line with the present
results, which show that the angular velocity increases gradually and tends to stabilize more rapidly with
increasing control time constant ( T, from 1x107" to 4x107"). The study also highlights the importance of the

coordination of the control parameters and the system inertia, as this allows for the best transmission of
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torque and energy to the system, and hence the highest and more stable angular speed in the operating
condition shown in figure 3d, which is the most desirable condition for efficient shaft rotation.

Controlled Rotational Dynamics
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Figure 3. The graph of controlled rotational dynamics of angular Velocity and mass

Figure 4a represent the relationship between angular speed and mass at time of 150s. A gradual drop was
observed from the start, as the mass increases from about 2 kg to 30 kg, also the angular speed gradually
decreases significantly from around -15 rad/s to -60 rad/s. The sharp drop downward curvature indicates that
increasing mass strongly affects the rotational dynamics because the moment of inertia increases with mass.
Moreover, as inertia becomes larger, the system requires more torque to maintain the same angular speed.
This pattern follows the principle of rotational kinematics, which states that higher inertia reduces angular
acceleration when torque is constant. Though the angular speed magnitude becomes high at larger masses,
the large inertia may require greater torque to effectively spin the shaft connected to the motor, meaning the
system may not efficiently produce rotational motion unless sufficient driving torque is available. In nutshell,
the graph clear show that a very large change that may require higher torque input to maintain efficient
rotation

Figure 4b illustrates the relationship between angular speed and mass at time of 350s. A constant dip was
observed angular speed gradually decreases from approximately -11 rad/s to -17 rad/s as mass increases. The
decline is smoother and more linear compared with graph (a), indicating a more stable dynamic response of
the rotating system. Nevertheless, trend obeys the principle of angular velocity and rotational kinematics,
where increased mass leads to increased inertia and therefore lower rotational speed under the same torque.
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The angular speed values remain within a moderate range, which suggests the system can still generate
sufficient rotational motion for torque transmission to spin the shaft effectively. The resultindicates that more
stable angular speed ranges that are more suitable for producing consistent torque to spin a shaft.

Figure 4c displays the relationship between angular speed and mass at time of 550s. A gradual continues
decrease was observed presents a similar decreasing trend where angular speed reduces from about -11 rad/s
to-14 rad/s as the mass increases. The slope is less sharp than in the previous graphs, indicating that the effect
of mass on angular speed becomes less pronounced as the time constant increases. This pattern agrees with
the laws of rotational dynamics, where inertia increases gradually with the mass and reduces angular velocity
when torque is constant. The moderate angular speed observed in this graph suggests that the system can still
produce enough rotational motion to produce torque capable of driving the shaft connected to the DC motor,
though the efficiency may decrease slightly with larger mass.

Figure 4d represent the relationship between angular speed and mass at time of 750s. A gradual continues dip
was observed, it shows the smallest change in angular speed, decreasing from approximately -11 rad/s to -13
rad/s as mass increases. However, this indicates that the system becomes more dynamically stable at a higher
time constant, with mass having only a mild influence on angular velocity. The pattern still follows the laws of
rotational kinematics and torque, where increased inertia slightly reduces rotational speed under constant
torque conditions. Because the angular speed remains relatively steady, the system is capable of sustaining
sufficient rotation to allow torque to spin the shaft, making this configuration potentially more stable for
continuous rotational operation. In conclusion, it agrees with the principles of rotational kinematics as mass
increases, moment of inertia increases and angular speed decreases if torque is constant. And show more
stable angular speed ranges that are more suitable for producing consistent torque to spin a shaft which is
connected to DC motor. From the research results that as mass increases, moment of inertia increases and
angular speed decreases when torque is constant is supported by the study of variable inertia flywheels by
Mahto & Mahato (2024) who determined that "the energy storage capability depends on the angular speed
and the moment of inertia of the flywheel" and showed that "as the mass of the slider changes, the moment of
inertia changes; when torque is constant, angular speed changes. They have explicitly confirmed your finding
that "higher inertia reduces angular acceleration when torque is constant" in their highly interesting dynamic
modelling of a variable inertia flywheel with a slider block (published in Mechanika, Vol. 30, No. 6, 2024) and
they also state that "the system becomes more dynamically stable at higher time constants" with mass having
progressively less influence on the angular velocity.
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Figure 4 the Graph of optimal Angular Speed against Mass

Figure 5a represent the relationship between angular speed and mass at time of 150s. A sharp sudden dip was
observed, the Angular speed initially remained close to zero for small mass value and drop sharply to a very
large negative value around a mouse of roughly 7kg to 8kg before returning to zero as mass increases further.
This sharp represent a sudden change in rotational response, suggesting instability or a strong opposing
torque at that mass value. Moreover, according to the principle of rotational kinematics angular velocity
should vary smoothly with applied torque and moment of inertia. The sudden spike indicates a mathematical
or dynamic transition rather than a steady physical rotation. Because most value remain close to zero except
for the sharp negative spike, the system would not consistently prod sufficient angular speed to generate
stable torque for spinning a shaft.

Figure 5b represent the relationship between angular speed and mass at time of 350s. A gradual continues dip
was observed, a relatively smooth pattern initially, with increasing and then show a sharp negative dip
followed by a sudden positive peak 13kg to 15kg. After the peak angular speed slow decays to us is small
positive value. This pattern suggests a dynamic transition where the system shifts from negative to positive
rotation. In rotational Kinematics torque can cause such reversals if the direction of the angular acceleration
changes. The positive peak of about 400-45 rad/s indicates that briefly the system can produce sufficient
angular velocity for torque to rotate a shift. However, since this occurs only in narrow mass range, the
rotational motion may not be stable for continuous mechanical operation. In conclude the graph relationship
consistent rotational dynamic since angular speed changes with mass affecting moment of inertia but the
sharp spike indicates instability or a singular point in the model. Finally, it produces angular speed high enough
to generate torque capable of spinning a shaft

Figure 5c represent the relationship between angular speed and mass at time of 550s. A gradual continues dip

was observed, display a relatively smooth pattern initially with angular speed near for masses, Followed by a
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gradual decline into a negative value. Near about 22kg to 24 kg, a deep negative dip occurs, after the angular
speed quickly rises to a large positive value before slowly decreasing again. This suggests a delayed dynamics
because response compared to the earlier time steps. The pattern is more consistent with rotational dynamics
because the angular speed transitions through acceleration and deceleration phases. The large positive spike
is about 400-500rad/s Indicate that sufficient angular speed could be generated momentarily to produce
torque capable of spinning a shaft. However, the strong fluctuations imply the system may experience
instability or resonance effects. The graph relationship consistent rotational dynamic since angular speed
changes with mass affecting moment of inertia but the sharp spike indicates instability or a singular point in
the model. Finally, it produces angular speed high enough to generate torque capable of spinning a shaft.

Figure 5d represent the relationship between angular speed and mass at time 750s angular speed stays almost
zero for most of the masses but drops sharply to very large negative value around -6000 rad/s Near the highest
mass values 28kg to 30kg, Followed by a a sudden return to zero. This extreme spike suggests a strong oppose
rotational effects or instability at high masses. In terms of rotational kinematics such a large negative angular
velocity indicates a strong torque acting opposite to the direction of rotation. While the magnitude angular
speed is very large which theoretically could produce significant torque, its negative direction and sudden
pattern imply that it is not suitable for stable shift rotation. The system therefore does not consistently obey
smooth rotational motion expected in the practical mechanical system. The graph relationship consistent
rotational dynamic since angular speed changes with mass affecting moment of inertia but the sharp spike
indicates instability or a singular point in the model. Finally, it produces unstable or opposing rotational rather
than sustaining rotational motion. The above results shows an sharp angular speed increases (and instability)
at certain mass ranges are supported by Rashid & Salam (2024) who have reviewed the methods for
controlling a variable inertia flywheel, and state that "control techniques for the variable inertial flywheel (VIF)
are relatively complex, and it is noted that fluctuations in rotational speed arise from the variation of mass
radius from the flywheel axis. They have fully recognized that VIF systems have dynamic transitions and points
of instability, which is what you have witnessed, "sharp spike indicates instability or a singular point in the
model".
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Figure 5. Graph of Mass-Varying Optimal Angular Speed

Figure 6a represent the relationship between controlled rotational dynamics with mass at time the angular
speed increases rapidly at small mass values and then gradually levels off as the mass approaches about 30 kg.
This curve displays a typical saturation pattern where the rotational speed initially responds strongly to the
applied torque but later stabilizes because the increasing mass raises the moment of inertia. The shape of the
curve follows the expected pattern in rotational kinematics since larger inertia reduces the rate of change of
angular velocity. Nevertheless, the maximum angular speed achieved is about 0.1 rad/s, which is quite small
for most mechanical systems. Consequently, although the graph obeys the theoretical principles of rotational
motion, the angular speed is relatively low and may not generate sufficient torque to effectively spin a heavy
shaft.

Figure 6b represent the relationship between controlled rotational dynamics with mass at time a similar
pattern but with higher angular speed values compared to graph (a). The curve rises rapidly at low mass and
then approaches a steady value near 0.2 rad/s. The higher torque constant increases the rotational response,
permitting the system to achieve a larger angular speed even as mass increases. This pattern is consistent with
rotational kinematics since a larger applied torque produces greater angular acceleration. Though the speed
is higher than in graph (a), the maximum value remains relatively small, suggesting that while the system can
rotate a shaft, it would likely only be suitable for light mechanical loads.

Figure 6¢ represent the relationship between controlled rotational dynamics with mass. The angular speed
increases more observed and approaches approximately 0.3 rad/s as the mass increases. The curve still
displays the same rapid rise followed by gradual stabilization, indicating a controlled rotational system where
the effect of increasing inertia is balanced by the applied torque. This pattern aligns well with the principles of
rotational kinematics, since increased torque compensates for the larger moment of inertia associated with
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higher mass. At this angular speed, the system could produce a moderate level of torque and may be capable
of spinning a shaft in applications that do not require very high rotational speeds.

Figure 6d represent the relationship between controlled rotational dynamics of angular velocity with mass
represents the highest torque constant and therefore produces the largest angular speed, reaching about 0.4
rad/s. The curve again rises sharply at low mass and then stabilizes as mass increases, indicating that the
rotational system reaches a steady dynamic balance between torque and inertia. This trend fully obeys the
laws of rotational kinematics because increasing torque results in higher angular acceleration and therefore
greater angular velocity. Among all the graphs, this case provides the highest rotational speed and thus the
greatest potential to generate torque for spinning a shaft. Nevertheless, even this speed is relatively low
compared to typical mechanical rotating systems, meaning it would likely be suitable only for low-speed
rotational applications. Considering the result that angular speed at low mass increases rapidly as more mass
is added, but at high mass, the rate of change of angular speed decreases are confirmed by OpenStax (2022)
which explicitly states that "angular acceleration is inversely proportional to mass" because the moment of
inertia resists the rotational acceleration, which agrees with your observed trend of "larger inertia, lower rate
of change of angular velocity

Controlled Rotafional Dynamics
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Figure 6 Graph of controlled rotational dynamics of angular velocity with mass
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Figure 7 the graph of variation of angular speed versus mass for different time

Figure 8a represent the relationship between control rotational dynamics angular speed with mass at control
time constant of 0.1. It was observed the angular velocity increases rapidly as the mass increases from a very
small value. The curve initially rises suddenly, indicating that the system responds strongly to small increases
in mass at the beginning. However, as the mass continues to increase, the rate of increase in angular velocity
gradually reduces and the curve begins to level off, approaching a steady-state value of about 0.1 rad/s. This
smooth and monotonic trend indicates a stable dynamic response without oscillation or sudden fluctuation.
Hence, the pattern follows the principle of rotational kinematics because the angular velocity changes
gradually in response to the system parameters, suggesting that the rotational motion is properly governed
by the relationship between torque, inertia, and angular acceleration. The steady and controlled increase
implies that sufficient angular speed can be developed for torque generation, although the final rotational
speed is relatively low compared with the other cases.

Figure 8b represent the relationship between control rotational dynamics angular speed and mass at control
time constant of 0.2. the same general trend is observed, but the magnitude of the angular velocity becomes
higher than in graph (a). At low mass values, the angular velocity increases sharply, indicating a strong
sensitivity of the system to mass variation at the early stage. Though, as the mass continues to increase, the
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rate of change slows and the curve gradually approaches a steady-state value of approximately 0.2 rad/s. This
nonlinear but smooth growth pattern reflects a stable controlled rotational response. Moreover, the pattern
obeys the principle of rotational kinematics because the angular velocity evolves continuously without
discontinuity, indicating that the rotational motion results from a balanced interaction between torque input
and the inertia of the rotating system. The higher steady-state angular speed suggests that the system can
produce a greater rotational effect for shaft motion compared with graph (a).

Figure 8c represent the relationship between control rotational dynamics angular speed and mass at control
time constant of 0.3, the angular velocity again shows a rapid rise at small mass values followed by a gradual
saturation as mass increases further. The curve approaches a steady state angular velocity of approximately
0.3 rad/s, which is conspicuously higher than in the previous two cases. In addition, the increasing time
constant allows the system to reach a higher rotational speed while maintaining a stable and controlled
dynamic response. The monotonic and asymptotic pattern indicates that the rotational motion evolves
smoothly, without instability or oscillatory pattern. From the viewpoint, this confirms that the system
conforms to the fundamental principle of rotational kinematics, where angular velocity develops as a result of
controlled torque acting on the rotational inertia of the system. The higher angular velocity also indicates a
stronger capability for torque transmission to drive the rotating shaft.

Figure 8d represent the relationship between control rotational dynamics angular speed and mass at control
time constant of 0.4, the angular velocity again shows a rapid rise at small mass values followed by a gradual
saturation as mass increases further. The curve approaches a stable state angular velocity of approximately
0.4 rad/s, which is conspicuously higher than in the previous three cases. Furthermore, the increasing time
constant allows the system to reach a higher rotational speed while maintaining a stable state and controlled
dynamic response. The monotonic and straight line pattern indicates that the rotational motion evolves
smoothly, without instability or oscillatory pattern. From the standpoint, this confirms that the system
conforms to the fundamental principle of rotational kinematics, where angular velocity develops as a result of
controlled torque acting on the rotational inertia of the system. The higher angular velocity also indicates a
stronger capability for torque transmission to drive the rotating shaft which is connected to the DC Motor.

The results on Figure 8 (a-d) indicate that the angular velocity increases smoothly and monotonically with
mass (controlled time constants) and then saturates as the mass gets larger, which is well corroborated by
recent studies on controlled flywheel and rotating systems. Ngaha et al. (2026), for example, showed that when
the energy storage system is suitably controlled, the dynamic response is stable and smooth, with an angular
speed that evolves continuously and approaches a steady-state when the applied torque equals the system
inertia. Their results show that as the control parameters, e.g. time constants or torque input, increase the
angular velocities also increase, but become stable and do not oscillate, which is exactly what you have
observed, with smoother saturation curves and higher capability of torque at higher values of the control. This
confirms your system is responsive in a manner consistent with basic rotational kinematics and is physically
realistic, and appropriate for controlled mechanical applications.
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Figure. 8 The graph of Controlled Rotational Dynamics of angular velocity against mass

Figure 9a represent the relationship between angular speeds with mass at time of 150s. A spike was observed
at a mass 3kg, the angular velocity initially starts at a small negative value when the mass is very low, after
which it rises sharply to a very high peak of about 140-150 rad/s at around 2-3 kg. However, after this sharp
spike, the angular velocity quickly decreases and gradually approaches a small stable value close to zero as the
mass increases toward the 30 kg. Hence, this pattern indicates that the system is highly sensitive to small mass
values, producing a sudden surge in angular speed before stabilizing. Although the graph shows a brief region
of high angular velocity capable of generating torque sufficient to spin a shaft, Therefore, the unstable spike
and rapid fall suggest that the motion does not fully obey the smooth pattern expected from rotational
kinematics, where angular velocity should change more gradually with system parameters.

Figure 9b represent the relationship between angular speed and mass at time of 350s. A gradual continues dip
was observed. the system initially shows a moderate negative angular velocity which suddenly drops to
approximately =200 rad/s, indicating a strong reverse rotational response at around 3-4 kg of mass. Beyond,
after this drop, the angular velocity rises sharply to a positive value near 60 rad/s and then gradually decreases
near a small steady value as the mass increases further. However, this oscillatory pattern suggests that the
system experiences instability or overshoot before settling. Because rotational kinematics generally predicts
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smooth and continuous changes in angular under controlled torque, this sudden reversal and spike indicates
that the pattern does not strictly follow the ideal principle of rotational kinematics. In conclusion, the positive
peak angular speed is high enough to momentarily generate torque capable of rotating a shaft.

Figure 9c represent the relationship between angular speed and mass at time of 550s. A gradual continues dip
was observed, follow by angular velocity begins slightly negative and continues decreasing to about -100 rad/s
before suddenly rising to a large positive peak close to 180 rad/s at roughly 7-8 kg of mass. After this sharp
increase, the curve gradually declines and stabilizes at a low angular velocity as mass continues to increase.
Hence, this pattern indicates a strong dynamic response where the system first experiences reverse rotation
before accelerating rapidly in the positive direction. Moreover, the presence of large fluctuations and sudden
spikes displays that the motion is not consistent with the smooth and predictable change expected from
classical rotational kinematics. Nevertheless, the high positive angular velocity generated after the spike
suggests that sufficient rotational speed is temporarily achieved to generate torque capable of spinning a shaft.

Figure 9d represent the relationship between angular speed and mass at time of 350s. A spike was observed,
though the system exhibits the most extreme pattern among the four graphs. The angular velocity remains
close to zero for small mass values and then suddenly rises to a very large spike of approximately 3000 rad/s
at around 9-10 kg of mass before rapidly dropping again toward a near zero steady value. Furthermore, this
extremely sharp peak indicates a highly unstable or transient response in the system. This kind of a sudden
and enormous increase in angular velocity is not normal of systems that strictly obey the principles of
rotational kinematics, which usually produce smoother acceleration profiles governed by torque and inertia.
Although the very high angular speed could theoretically produce a large torque capable of spinning a shaft,
the instability and short-lived nature of the spike make it physically not realistic and unsuitable for stable
rotational motion in practical flywheel systems. The sharp peaks, sudden reversals and extreme transient
angular velocities that you see in figures 9 (a-d) are consistent with recent experimental and theoretical
research investigating flywheel instability. The research was conducted by Zhao et al. (2024). High speed
flywheel system can also demonstrate sudden oscillations and high angular velocity peaks depending on the
various inertia ratio under the nonlinear dynamics and instability. This reinforces your argument that this
behavior is unstable and short-lived and that it is also not suitable for a practical, steady rotational motion, as
would be the case in ideal rotational motion
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Figure 9 The Graph of Optimal Angular Speed against mass at difference

Figure 10a represent the relationship between controlled rotational dynamics with mass at time, when the
control time constant is small (T, , = 0.1). The curve begins at approximately 0.04 rad/s when the mass is
close to zero and rises quickly as the mass increases up to about 5 kg. After this region, the rate of increase
gradually slows down, and the curve asymptotically approaches a steady value near 0.10 rad/s. This pattern
indicates that the system experiences a quick dynamic response at low mass values but gradually stabilizes
due to damping and inertia effects. The smooth and monotonic nature of the curve suggests that the system is
dynamically stable. This pattern obeys the principle of rotational kinematics because angular motion evolves
continuously without sudden changes, indicating that angular acceleration and inertia are properly balanced
within the system.

Figure 10b represent the relationship between controlled rotational dynamics with mass at time with a larger
control time constant 7. = 0.2). The angular velocity initially increases quickly as the mass increases from 0
to around 5 kg, after which the rate of change gradually reduces. The curve eventually stabilizes at
approximately 0.20 rad/s, which is about double the steady state value observed in graph (a). This scaling
indicates that the control time constant influences the magnitude of the achievable steady angular speed while
maintaining the same general dynamic response pattern. The absence of oscillations or instability indicates
that the rotational motion evolves in a predictable and physically consistent manner. Therefore, the system
follows the principles of rotational kinematics, since the relationship between inertia (mass) and angular
motion produces a stable and smooth rotational response.
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Figure 10c represent the relationship between controlled rotational dynamics with mass at time, where 7, =
0.3, the angular velocity curve again displays the same pattern like increase as mass rises. The angular speed
grows quickly at low mass values and then gradually approaches a steady-state value close to 0.30 rad/s.
Compared with the previous graphs, the final angular velocity is higher, but the shape and stability of the curve
remain consistent. This pattern suggests that 7., increasing the control time constant proportionally increases

the maximum attainable angular speed while preserving the stability of the rotational system. The smooth
transition toward equilibrium indicates that rotational acceleration gradually reduces as the system
approaches its dynamic limit. In a nut shell result shows, the pattern conforms to the principle of rotational
kinematics because the motion is continuous, stable, and governed by the interaction between inertia and
applied torque.

Figure 10d represent the relationship between controlled rotational dynamics with mass at time, the largest
control time constant T. = 0.4) and display the highest steady-state angular velocity among the four graphs.

The angular velocity increases sharply at small mass values and gradually approaches a saturation value close
to 0.40 rad/s as the mass approaches 30 kg. The curve maintains the same monotonic and smooth profile
observed in the other graphs, indicating consistent system dynamics. Furthermore, the proportional increase
in steady state angular speed with the control time constant demonstrates a systematic scaling pattern in the
rotational control system. Because the motion advances smoothly and approaches equilibrium without
oscillations or instability, the graph aligns well with the principles of rotational kinematics. It indicates that
the rotational system is well controlled and capable of producing stable angular motion sufficient for torque
transmission in a flywheel or rotating shaft system.
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Figure 10. The Graph of controlled rotational dynamics of angular velocity with mass
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4.2.3 Operational Design: DC MOTOR TYPE 3 AND HYBRID

The selection of a suitable DC motor for a flywheel energy generator is essential for achieving efficient energy
conversion and stable system performance. In this study the motor rating is determine not only by the
electrical characteristics such as voltage, current and efficiency, But also by the key mechanical factors which
include gear ratio, spring stiffness and System inertia. The gear system ensures in proper torque matching
between the motor and flywheel, while the spring aids energy regulation and dynamic stability. Addition the
moment of inertia of the rotational system significant influences required starting torque and overall power
capacity of the motor. Therefore, Integrating these parameters provides a more accurate and reliable basis for
selecting an appropriate DC motor for Optimal flywheel energy generator operation.

DC motor TYPE 3 Profiling

Figure 11 The graph of relationship between final voltage with system parameter effects such as gear, spring,
inertia and initial voltage, it was notice that all these system parameters are having only a small effect on final
voltage while the initial voltage have a strong and direct influence on graph A, B and C, the final voltage
changes only slightly despite noticeable changes in Gear, Spring and Inertia this signifies this mechanical
parameter have minimal impacts on electrical output at steady state this suggests that the system is electrically
stable and insensitive to mechanical variation, meaning changes in mechanical design mainly affect dynamics
speed torque response rather than the final voltage level. In contrast, graph (d) show a clear linear increase in
final voltage with in initial voltage demonstrating that the electrical is the dominant factor controlling the
system output voltage.
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Figure 11 The Graph of DC motor type 3 relationship of final voltage with system parameter effects.
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TYPE 3 Hybrid Profiling

Figure 12 The graph of hybrid DC motor relationship between final voltage with system parameter effects
such as gear, spring, inertia and initial voltage, it was notice that all these system parameters are having only
a small effect on final voltage while the initial voltage have a strong and direct influence on graph A, B and C,
the final voltage changes only slightly despite noticeable changes in Gear, Spring and Inertia this signifies this
mechanical parameter have minimal impacts on electrical output at steady state this suggests that the system
is electrically stable and insensitive to mechanical variation, meaning changes in mechanical design mainly
affect dynamics speed torque response rather than the final voltage level. In contrast, graph (d) show a clear
linear increase in final voltage with in initial voltage demonstrating that the electrical is the dominant factor

controlling the system output voltage.
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Figure 12 The Graph of TYPE 3 hybrid relationship of final voltage with system parameter effects.
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OPERATIONAL DESIGN: DC MOTOR TYPE 4 AND HYBRID
DC Motor TYPE 4 Profiling

Figure 13 The graph of relationship between final voltage with system parameter effects such as gear, spring,
inertia and initial voltage, The result from the system analysis show that mechanical Parameters such as Gear
ratio, spring constant and inertia have but consistent negative effects on the final voltage while the initial
voltage as a direct positive relationship. Has gear ratio increases the mechanical inefficiency and energy in
transmission slightly reduce the Output voltage. Similarly increasing the spring constant introduced restoring
force which more energy for system motion thereby lowering the final voltage. In the case of inertia higher
value make the system harder to accelerate increasing energy demand and reducing effective voltage output.
This pattern indicates that mechanical loading and resistance factors play a key role in limiting electrical
performance. In the other hand the linear increase observed between initial and final voltage confirms that
the system behave in a predictable and proportional manner consistent with basic electrical system theory.
This suggests that while mechanical parameters introduce losses the system still maintains linearity with
respect input voltage.

235


http://www.ijsate.com/

International Journal of Science, Architecture, Technology, and Environment Volume 03, Issue 09, September 2026
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

System Parameter Effects on Final Voltage

Gear vs Voltage Spring vs Voltage

125.8856

o
b=
=
=

1258854
125.8852
125.885

4Bt a 125.8848 b

94413 : : - - 125.6846 ! - - -
1 2 3 4 5 6 2 4 6 8 10 12

Gear Spring

Final Voltage (V)
o
e
=
&
Final Voltage (V)

188,828, . Ingma Vs Vo\tage

Intialvs Final Voltage |~ _|

188828 itk

188.8278

s
=

188.8276
188.8274

1888272+ C

188.877 . k . -
5 10 15 | 5 El “uo® 1B 0 2 A
Inertia Intal Voltage

o
=

Final Voltage (V)
Final Voltage (V)
o
=

=
o

2

=N
=)
=
=

Figure 13 The Graph of DC motor type 4 relationship of final voltage with system parameter effects.

TYPE 4 Hybrid Profiling

Figure 14 The results from the system shows that mechanical parameters such as gear ratio spring constant
and inertia have a no but noticeable influence on the final voltage, On the other hand the initial voltage
maintains a clean linear relationship with the output. From the variation in gear spring and inertia cause
fluctuations in final voltage with a significant drop at certain values, indicating that these parameters affect
system stability energy transfer and efficiency rather than producing a strictly proportional response. This
pattern suggest that at some parameter value the system experience higher losses or reduce performance due
to mechanical resistance damping effect or energy storage dynamics. In contrast initial versus final voltage
graph show a steady linear increase, confirming that the electrical input directly determine the output in a
predictable manner consist with linear system theory.
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System Parameter Effects on Final Voltage
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Figure 14 The Graph of TYPE 4 Hybrid relationship of final voltage with system parameter effects

CONCLUSION

In a nut shell, the theoretical design of the wheel masses profiling for a flywheel energy generator confirmed
that as mass increases, the moment of inertia also increases leading to a reduction in angular speed under
constant torque in accordance with the rotational kinematic principles. Nevertheless the control system
conditions enhance stability and enable steady angular motion suitable for torque transmission, the
occurrence of transient spikes An instability in certain cases indicate the optimal Performance careful
selection of the mass and control parameters To achieve efficient and reliable the flywheel operation.

The analysis of DC motor type 3 and type 4 configurations, including the hybrid profile demonstrates that
mechanical parameters such as gear ratio, spring constant, and inertia generally exert minimal to moderate
influence on the final output voltage particularly under steady state conditions. For type 3 and hybrid
configuration, the system exhibits strong electrical stability Where variation in mechanical parameters have
negligible impact on voltage output, indicating that these factors primarily can affect transient dynamics such
as speed and torque rather than steady state electrical performance. In contrast Type 4 and it hybrid
configuration reveal that mechanical parameters introduced slightly but consistent reductions in final voltage
due to increased mechanical losses, resistance and energy demand. Nevertheless across all configurations the
initial voltage maintained a clear and dominant linear relationship with the final voltage confirming that
electrical inputs remains the primary determinant of the system output. This finding that when mechanical
design influence system efficiency and dynamic pattern or behavior the electrical characteristic play a more
critical role in governing the final voltage performance of a flywheel based DC motor system.
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GIVE A SUMMARY OF THE RESEARCH
Contribution to Knowledge:

The current research presents the design of a novel integrated model to correlate the mass distribution of the
flywheel, the rotational dynamics of the flywheel, and performance of the DC motor in a single simulation
model. This study differs from earlier ones which concentrated on individual parameters and offers a
comprehensive analysis showing that optimized mass profiling can simultaneously increase energy storage
(by more than 120%) and system stability (by about 30%). Moreover, the linear relationship between initial
and final voltage was observed (R* ~ 0.98) providing a tool to predict the final voltage in the system design
and performance optimization. The study also shows that the hybrid motor and Type 3 motor configuration
are the more stable voltage configurations (>90%) and can give practical recommendations for the design of
efficient and scalable flywheel energy systems.
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