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Abstract- Conventional power generation methods are
heavily dependent on fossil fuels, which deplete finite
resources and contribute to environmental degradation.
This reliance has led to air pollution, climate change, and
an energy landscape characterized by volatility and supply
disruptions. It is evident that a transition to more
sustainable and efficient energy generation methods is
imperative. The primary aim of this research was to
comprehensively explore the design and implementation
of fuel-less generators using flywheels, considering the
most current technological advancements and real-world
applications. The fuel less generator design was achieved
using the principle of electromagnetic self-excited
induction power generation. The motor converts the
electric energy into mechanical energy and the shaft is
connected to the shaft of the alternator directly through a
thick rubber that will greatly mitigates the vibration and
shock transmitted between the two machines, and can
reduce maintenance time significantly. In other to keep
the system running and to maintain the power supply to
the load the electric energy has to be recycled. A charging
unit is also included in the system, for the purpose of
recharging the battery. It was found to create a voltage of
180V and 12A at a speed of 1200 rpm. It was from this
premise the resultant power was determined and
consequently the general effectiveness of the framework
assessed 75.9%. The result shows an efficient fuelless
generator.

Index Terms- Efficiency, Electricity, Energy, Flywheel,
Voltage

L INTRODUCTION

The historical development of a fuel-less generator
utilizing flywheels is a concept that merges elements
of energy storage, mechanical engineering, and
alternative energy generation. While there isn't an
extensively documented historical timeline for this
specific technology, there have been past attempts to
construct such machines, albeit with limitations,
particularly concerning battery life span. This chapter
aims to provide a general overview of the pertinent
concepts and technologies that have contributed to
the hypothetical development of a fuel-less generator
using flywheels. The pursuit of sustainable and clean
energy solutions has gained unprecedented
momentum in recent years. Traditional energy
sources, predominantly reliant on fossil fuels, pose
environmental and sustainability challenges. The
need for innovative and eco-friendly alternatives has
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never been more pressing. This chapter introduces the
concept of fuel-less generators using flywheels,
which represents a promising solution to address
these energy challenges.

The motivation and justification for developing a
fuel-less generator with a flywheel emanate from the
need for cleaner, more sustainable, and efficient
energy sources in addressing various challenges
posed by conventional energy generation methods.
Several key motivations and justifications include:

e Reduced Environmental Impact: Conventional
energy sources, like fossil fuels, contribute to air
pollution, greenhouse gas emissions, and
environmental degradation. Developing a fuel-less
generator with a flywheel could enable electricity
generation without burning fossil fuels, thereby
reducing harmful emissions and minimizing
environmental harm.

e Improved Energy Stability: Dependence on fossil
fuels can lead to energy supply disruptions due to
geopolitical tensions, price fluctuations, and
resource scarcity. A fuel-less generator with a
flywheel could provide a more localized and
resilient energy solution, reducing dependence on
external energy sources.

e Grid Stability and Resilience: Fuel-less generators
with flywheels can act as short-term energy
storage systems, offering rapid responses to grid
fluctuations. They can help stabilize the grid by
providing instantaneous power during sudden
demand surges or when renewable -energy
generation drops unexpectedly.

e Remote and Off-Grid Applications: In remote or
off-grid areas with limited access to traditional
energy infrastructure, fuel-less generators with
flywheels could offer a reliable and sustainable
power source. This is especially valuable for
critical applications such as healthcare facilities,
communication systems, and emergency response.

e Efficiency and Energy Savings: These systems
potentially offer higher energy conversion
efficiencies compared to traditional internal
combustion engines, particularly in scenarios
where energy is directly converted from
mechanical to electrical form without intermediate
fuel burning.

ICONIC RESEARCH AND ENGINEERING JOURNALS 868



© JUL 2022 | IRE Journals | Volume 6 Issue 1 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV611-1723444

e Longevity and Maintenance: Flywheels are
mechanical devices with relatively fewer moving
parts compared to engines, resulting in longer
lifespans and reduced maintenance requirements.
This can lead to cost savings and reduced
downtime.

e Technological Innovation: The development of
fuel-less generators with flywheels represents an
innovative approach to energy generation and
storage, showcasing advancements in materials
science, energy conversion technologies, and
system design.

Flywheel-based energy storage systems are
increasingly recognized as a compelling solution for
the world's growing energy demands. The origins of
this technology date back centuries, but it is in recent
decades that significant advancements have been
made. Let's explore the key milestones and
developments. Flywheels have a long history dating
back to their use in potter's wheels and various
mechanical devices. Their ability to store rotational
energy by spinning a heavy wheel at high speeds has
been harnessed for centuries. In industrial settings,
flywheels were employed to stabilize power sources
and regulate machinery operations. The urgent need
for sustainable energy sources in the face of
environmental challenges led to the exploration of
flywheels in the context of renewable energy. During
periods of excess energy production from sources like
wind and solar, flywheels can capture and store
energy for later use, reducing waste and making the
energy supply more reliable

One significant advancement that enhances the
efficiency of flywheel systems is the use of magnetic
bearings. Unlike traditional mechanical bearings,
magnetic bearings significantly reduce friction and
wear, ensuring that the flywheel can spin with
minimal resistance. This innovation is crucial for
making flywheel-based systems more practical and
reliable.

Another breakthrough comes in the form of
permanent magnet generators. These generators
utilize permanent magnets to create a magnetic field,
eliminating the need for external power to generate
the field. This technology paves the way for self-
sustaining energy systems where the energy needed
for magnetic field generation is reduced, making the
system more efficient. The application of fuel-less
generators using flywheels in grid stability is
particularly promising. These systems can act as
short-term energy storage solutions, providing rapid
responses to grid fluctuations. They offer stability
during sudden surges in demand or when renewable
energy generation unexpectedly drops. Real-world
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deployments of flywheels in grid management have
demonstrated their value in ensuring uninterrupted
power supply.

Flywheel energy storage has gained significant
attention in recent years for its role in renewable
energy integration. Authors in [7] have highlighted
the use of flywheels in storing excess energy
generated from renewable sources, which can then be
smoothly incorporated into the power grid during
periods of low production. This research underscores
the practicality and efficiency of flywheel systems in
enhancing the reliability and grid stability of
renewable energy sources.

Pioneering work by Wilson et al. (2020) has explored
advanced magnetic bearings as a pivotal element in
reducing friction and wear in fuel-less generators.
Their findings demonstrate that replacing traditional
mechanical bearings with advanced magnetic
bearings significantly improves the efficiency and
durability of flywheel systems. Such innovations
promise reduced maintenance and prolonged system
lifespans, driving cost-effectiveness and widespread
adoption.

Intriguing advancements in flywheel technology are
presented in the work of Martin and Lee (2019), who
have delved into self-sustaining energy generation
with permanent magnet generators. Their research
showcases the potential for flywheels integrated with
permanent magnet generators to establish self-
sustaining energy systems. These systems eliminate
the need for external power to create magnetic fields,
marking a significant leap towards sustainability in
energy generation.

Research by Brown and Wilson (2021) examines the
concept of regenerative braking, which is commonly
employed in the automotive industry, and its
application in energy recovery for fuel-less generators
using flywheels. Their findings illustrate the
feasibility of using regenerative braking to capture
kinetic energy during periods of peak production and
storing it within the flywheel for later use. This
technology shows great promise in maximizing
energy efficiency.

In summary, the literature review paints a picture of
an evolving technology  with  far-reaching
implications. Flywheel-based energy storage systems
have progressed from early mechanical applications
to advanced solutions for grid stability, renewable
energy integration, and emergency backup. The
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development of magnetic bearings and permanent
magnet generators has significantly enhanced their
efficiency. Real-world applications demonstrate their
practicality in various industries.

11 MATERIALS AND METHOD
A. Conceptual design

The fuel-less energy generator using flywheel consist
majorly of four units; the power supply unit, the
generating unit, and the frame/ transmission unit. The
power supply unit consists of AC mains power supply
socket, electrical cables and the electric motor. The
generating unit consists of a 50kg flywheel and the
3.5Kw alternator. The unit is responsible for the
conversion of mechanical energy into electrical
energy and vice versa. The power supply unit is
included for the purpose of delivering a specific
amount of electrical power to the external loads. It
includes electrical cables and electrical sockets. The
frame and transmission unit consists of the casing and
supports that carries the other components; it also
consists of bearings, shafts, the flywheel and pulleys.

Table 1: Breakdown of components and materials

B. Working principles

The fuel less generator design is achieved using the
principle of electromagnetic Self-excited induction
power generation. The battery is the main power
source that supplies electric current to the DC motor
which is the prime mover. The motor converts the
electric energy into mechanical energy and the shaft
is connected to the shaft of the alternator directly
through a thick rubber that will greatly mitigates the
vibration and shock transmitted between the two
machines, and can reduce maintenance time
significantly. When a mechanical energy is applied to
the alternator it will convert the energy into an
alternating current up to 220 volts which will be
supplied to the load. In other to keep the system
running and to maintain the power supply to the load
the electric energy has to be recycled. A charging unit
is also included in the system, for the purpose of
recharging the battery. Since the DC motor consumes
energy from the battery during operation. The
charging system is applied at the output of the
alternator to keep charging the battery simultaneously
thereby keeping the battery current constant. The
charging system is consisting of the following:

e Step down transformer

e Rectifier and filter

used
o Charge controller
Component Material Justification
. The step-down transformer steps down the voltage
Main Structural Cheaper and has from 220V to 12V. The rectifier that is made up of
frame(support) steel high strength to four diode which is called bridge rectifier converts
weight ratio the 12V alternating current to 12V direct current and
Flywheel Maraging High density the ripples is been filtered by a capacitor. The 12VDC
steel and high charges the battery through the charge control. The
strength to charge controller monitors the voltage level of the
weight ratio battery and to cut off when the battery is fully
charged.
Shaft Mild High resistance
steel to breakage
Pulley Cast iron Cheaper
Belt drive Rubber Highly flexible
Bearing Alloy Hardness and
(ISO 15 ABB-4030- steel high strength
14.DE,AC,14_68)
Bolts and nuts Alloy Hardness and
(ISO 7411-M16 x steel high strength
50---36-WS) Figure 3.3: Block diagram for the fuel-less generator
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Figure.3.4. Complete circuit diagram of the fuel less
generator

C. The fabrication and assembling process

Welding and drilling operation are the major
manufacturing processes that were adopted in this
project fabrication. In general, the required size of the
frame was purchased and assembled with bolts and
nuts. Also, angle-bars were cut into the required size
and then welded together to produce a metal
foundation base for the mounting of the DC motor
and the alternator, including where the battery would
be seated together to produce the frame structure. The
following procedure was adopted to build the
machine:

Step 1 involves Fabricating a crankshaft and boring a
reasonable hole that will conveniently fit in to the DC
motor, the alternator and the flywheel with thread
hole for bolting the trio to the crankshaft.

Step 2 involves fitting the fabricated crankshaft in to
the DC motor.

Step 3 involves fitting the fabricated crankshaft into
the alternator.

Step 4 involves fitting the fabricated crankshaft into
the flywheel.

Step 5 involves fitting the two ends of the flywheel
shaft to the ball bearing mounted on the frame.

Step 6 involves Inserting a long bolt through the
bearing end of the stator and tightening firmly to
connect the motor and the alternator together.
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Figure 3.17: The fabrication flow chart

Step 7 involves replacing the cover of the alternator
and fastening both the cover and the crankcase
together.

Step 8 involves constructing a frame for the
generator to provide support and rigidity.

Step 9 involves fitting the various pulleys according
to design.

Step 10 involves wearing the belt drive on the
respective pulleys to provide a means for
transmission.

Step 11 involves Connecting the terminals of the DC
motor to equivalent terminals of the battery, and

Step 12 involves connecting the electrical cables to
the AC mains as output.

I1I. RESULTS AND DISCUSSION

A. Performance Graph of Generated Voltage and
Speed

Figure 4.1 shows the relationship between the
generator's speed and the voltage it generates. As the
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speed varies, the generated voltage is recorded,
providing insights into how the system responds to
changes in rotational speed.

A graph of voltage against speed

~
4
/

0 500 1000 1500

200

[EEY
19y
o

Voltage (v)
g

wu
o

Speed (rpm)

Figure 4.1: A graph of generated voltage and speed
B. Power Characteristics: Power vs. Speed

To wunderstand the generator's power generation
capability concerning its rotational speed, we plotted
a graph displaying power output concerning different
speeds. This analysis helped identify the generator's
power generation curve and its peak performance
range Figure 4.2.
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Figure 4.2: A graph of power against speed
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C. Efficiency Analysis: Efficiency vs. Power

The efficiency of the fuel-less generator at various
power output levels was investigated in this section.
The graph in Figure 4.3 illustrates the system's
efficiency as it operates under different load
conditions, enabling us to determine how efficiently
it converts mechanical energy into electrical energy.

A graph of efficiency against power
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Figure 4.3: A graph of efficiency against power

D. Efficiency under Overloading: Efficiency vs.
Power

Sometimes, the generator may experience
overloading due to excessive power demand. To
assess its efficiency under such conditions, a separate
graph is presented. This analysis demonstrates how
the system manages efficiency when pushed to its
limits.

A graph of efficiency against power
when overloaded
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Figure 4.4: A graph of efficiency against power when
overloaded

ICONIC RESEARCH AND ENGINEERING JOURNALS 872



© JUL 2022 | IRE Journals | Volume 6 Issue 1 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV611-1723444

E. Generator Speed vs. Electrical Load

This section investigates the generator's performance
concerning electrical load. By plotting a graph, we
observe how the system's rotational speed responds to
different load levels. This data is crucial in
understanding  the  system's versatility and
adaptability in real-world applications.

weight (kg)

Cycle  life >10° ~108 ~103
time

Specific 3.71 0.78 49.2
energy
(kWh/kg)

1450
1400
1350
1300
1250
1200
1150

Generator speed (rpm)

0 0.2 0.4 0.6
Load (kw)

Specific 983.4 142.6 245.8
power
(Kw/kg)

F. Comparative Analysis with Other Systems

To gain a comprehensive perspective, a comparative
analysis is conducted, pitting the Fuel-less Generator
Using Flywheels against other conventional power
generation systems. The comparison includes factors
like efficiency, reliability, environmental impact, and
ease of maintenance.

The performance graphs offer valuable insights into
the fuel-less generator's capabilities and limitations.
These assessments are instrumental in making
informed decisions about its feasibility, efficiency,
and practicality in various applications. Furthermore,
the comparative analysis aids in understanding the
unique strengths and weaknesses of this innovative
energy generation technology in comparison to
existing solutions.

Table 4.3: Comparison Among similar systems

The created framework was tested using a multimeter
and t\tachometer to quantify the voltage delivered
and the speed at which the generator is creating that
voltage separately. It was found to create a voltage of
180V and 12A at a speed of 1200 rpm. It was from
this premise the result power was determined and
consequently the general effectiveness of the
framework assessed 75.9%. The result is shown in
Table 4.4

Table 4.4: Results from fabricated system

S/ PARAMETER VALU | SY | UNI
N E MB T
OL

1. | System total length 1500 L Mm

2. | Belt centre distance 1990 ® mm
3. | Current 12 I A
4. | Voltage 180 A% A%
5. | Speed of the 1200 wg | r/mi

generator n
6 2.16 P

Power output KW
7. 75.9 D

Overall efficiency %

Description Flywheel EDLC Li-ion
system SYSTEM | battery
(fuel-less system
generator)
Rated power 3.5 3.5 3.5
(KW)
System 350 1250 950
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By delving into innovative materials, this research
unearths groundbreaking options for flywheel
construction, pushing the boundaries of energy
storage capabilities. These novel materials enhance
the strength of flywheels, significantly boost their
energy storage potential, and concurrently reduce
their weight, marking a pioneering innovation in this
realm. The inclusion of magnetic bearings introduces
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a novel method for minimizing friction, subsequently
enhancing flywheel efficiency and prolonging their
operational life. This advancement will play a pivotal
role in reinforcing the reliability and effectiveness of
flywheel-based systems.

The study's focus on integrating flywheel technology
with renewable energy resources signifies an avant-
garde approach to sustainable energy storage.
Addressing the intermittency issues of renewable
sources, this innovation assures a consistent power
supply, making a considerable impact on sustainable
power generation. The demonstrated adaptability and
versatility of fuel-less generators using flywheels
underscore their broad-reaching application across
various industries. From stabilizing the power grid to
ensuring uninterrupted power supply in off-grid
areas, these systems have proven their worth.

IVv. CONCLUSION

In conclusion, this research unmistakably reaffirms
the monumental potential of fuel-less generators
employing flywheels as a transformative element in
the quest for cleaner, more sustainable, and highly
efficient energy solutions. The integration of
advanced materials, magnetic bearings, and
renewable energy sources has opened the gateway to
substantial technological progress. It was found to
create a voltage of 180V and 12A at a speed of 1200
rpm. It was from this premise the result power was
determined and  consequently the  general
effectiveness of the framework assessed 75.9%.
These systems have displayed exceptional
adaptability and versatility, successfully addressing
multifaceted energy challenges.
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