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Optimized Performance of Closed Loop Control
Electromagnetic Field for the Electric Generators with Energy
Storage
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Abstract

The effects of the generated electromagnetic field on the operation of electrical generators with energy storage have been
investigated. A prototype comprises an electromagnetic field system, an electrical generator, and an energy conversion and
storage system. The electromagnetic generator field comprises both the rotor and the stator. Two rotors are made from an
aluminum block with 64 holes for 128 Neodymium magnets. The aluminum block makes eight stator coils with 325 turns of
copper wire. The testing method was repeated for various electromagnetic field sources, beginning motor driving time, and
generator types for the best performance. The highest spinning speed of the rotor is determined to be about 1920 rpm for
the G-2, 1720 rpm for the G-3, and 940 rpm for the G-1. Acquiring a satisfactory beginning motor driving time of 5 seconds is
possible. The maximum performance is achieved by the G-2 generator, which has four electromagnetic field sources and an
initial motor driving time of 5 seconds. However, the generator has been continually enhanced to achieve greater

performance, including system adaptability, connection and drive system, and load and energy storage system.
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1. Introduction

Energy consumption has increased recently, resulting in higher
energy costs and adverse environmental impacts. Therefore,
power generation systems have been continuously developed
using various technologies. Turbines can generate more
energy in tight spaces than other energy sources, even though
wind turbines are developed on a small scale with new
technologies for commercial purposes. Many scientists have
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developed generators. For example, Popa and Lucjorat™
developed an electrical generator coupled to the vertical
motion of ocean waves. Ishikawa et al.@ investigated the
pulsed generator. Moradi and Afjeil® researched and
experimentally analyzed the magnetic field of a brushless
direct current generator. Ting and Yeh™ studied an individual
wind generator, and Wang et al.®! considered the hybrid
continuous magnetic generator. Next, Rao et al.l% designed
linear generators for permanently energized magnets. The
works presented an induced generator with a vertical twin-
rotor, as reported byl"#11. Homadi and Hall® studied the low-
temperature magnetic generator. Next, Salek et al.l!% studied
the hydroxy generator's improved thermal performance. Shao
et al.? investigated using a triboelectric nanogenerator and
electromagnetic generator to harvest energy as a convenient
source. Vivekananthan ef a/.l'® reported that the triboelectric
electromagnetic hybrid generator derived from the magnetic
particles Fe;Os3 is used for seismic detection without energy
consumption. Li et all'1 designed an -electromagnetic
spherical movement generator with a multi-layered structure.
Li et al.*® have developed a new flexible TEHG based on
magnetized micro-pins for human motion monitoring.

Eng. Sci., 2024, 30, 1173 | 1


https://www.sciencedirect.com/topics/engineering/triboelectric-nanogenerators
https://www.sciencedirect.com/topics/engineering/electromagnetic-generator

Research article

Engineered Science

The method of self-assembly by magnetic field-induced
spraying with an electro-magnetization technique was first
proposed for the cost-effective manufacture of magnetized
microneedles for TEHG. Xu et al.*¥applied the efficiency of
converting torque and energy between the rotating
triboelectric nanogenerator and the electromagnetic generator.
EMG's energy conversion efficiency increases as the
mechanical input power increases, while TENG's energy
conversion efficiency remains almost constant. Han et al.l*"]
investigated the triboelectric-electromagnetic hybrid generator.
The results demonstrated that the ESMF provides good
products for applications. Wu et al.l'® improved the energy
conversion efficiency of the hybrid electrostatic-
electromagnetic generator. Zhang et al.' introduced a three-
cylinder hybrid generator (a triboelectric nanogenerator and an
electromagnetic generator). Dang et al.?! suggested a
triboelectric-electromagnetic hybrid generator based on the
inertial conversion mechanism. As the wind velocity increases,
the centrifugally-controlled inertia conversion mechanism
drives triboelectric nanogenerator units. Li et al.?Ystudied the
effect of magnet arrangement on output performance with
three cases: an alternative magnetic scheme, a Halbach
scheme, and a separate scheme. Hu et al.[?d investigated
triboelectric and electromagnetic nanogenerators. Zhang et
al.® suggested a new vibro-electrodielectric impact hybrid
generator. Bhatta et alY  investigated two-mode,
magnetically-assisted triboelectric sensors embedded in an
electromagnetic generator. Cho et al.[! suggested a hybrid
hydraulic wheel generator with a triboelectric disk
nanogenerator and an electromagnetic generator as an energy
source. Vidal et al.?®linvestigated electromagnetic generators,
suitable contenders for powering small-scale and large-scale
devices. Zhu et alP1 investigated the triboelectric-
electromagnetic generator with aerodynamic improvement for
the energy collection of the breeze. Carneiro et al.?® optimized
the electromagnetic generator's efficiency by auto-adapting

Solar cell
panel

Solar charger
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the structure. Sharghi and Bilgen® studied the collection of
energy from a pendular system with an electromagnetic
generator. Moradian et al.*% developed a pendular spherical
electromagnetic generator. Xu et al.*lexamined the effect of
the wind on the performance of permanent magnetic wind
turbines with dual three-phase winding. The results showed
that the magnet windmill with double 3-phase winding could
achieve maximum power. Savsteenko et al.%% proposed the
vehicle starter-generator with a differential electric drive. The
design and optimization of a starter generator with a
differential electric drive based on a direct current (DC)
electric motor are completed. Milev et al.*3 concentrated only
on the design phases of a ship-based electric power station
with self-excited brushless synchronous generators. Kumar et
al.B4 created a solar-powered battery and diesel generator for
an electric car charging station utilizing a hybrid intelligent
controller with ANN. Amuhaya et allP® investigated
permanent magnet synchronous generator topologies with
rotor field coils to achieve low mass with high efficiency in
smart grids. Permanent magnets are surface-mounted on
conventional double-excited synchronous generators. Ullah et
al.B% presented a new magnet-less dual electrical and dual
mechanical port wound field-excited flux switching generator
for direct-drive counter-rotating wind turbines magnet-less
dual electrical and dual mechanical port wound field-excited
flux switching generator. Hu et al.F7) proposed organic phase
change materials for energy storage materials with the ability
to store and release thermal energy at a constant temperature.
As noted in the preceding review, most previous research
proposed and designed the generators using different power
sources.

Electric generator designs and applied electromagnetic
fields are still limited, especially in hybrid energy source
systems with closed-loop control systems. Previous research(*!
experimentally investigated the suggested prototype of a
rotating magnetic field driven by an electromagnetic field.
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Fig. 1 Diagram of the two transmission systems from solar energy to electric energy.
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Fig. 2 Diagram of two rotors and stator antenna unit.

However, the system was improved to obtain greater
performance. As a result, the present work stems from the
research®! in which the newly developed electromagnetic
generator with an additional solar cell unit aided the initial
motor start unit. All systems are adjustable in the procedure,
and the operational condition has been done utilizing
programmable logic controller (PLC). The effects of the initial
motor start time, number of copper coils, and generator types
(directly powered by the main shaft) have been investigated to
obtain the performance.

2. Experimental facilities and procedure

2.1 Experimental facilities

As shown in Fig. 1, the experimental system consists of an
electromagnetic field system, a generator set with a controller
loader system, a solar cell system, and a motor start system.
This system has two battery units for easy working control-the
first lithium-ion auxiliary battery (12V) for the motor's first
start. The energy of this unit is obtained from the solar cell
system. The second one (24V) is the primary battery unit,

»

Copper coil
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Fig. 3 Photograph of the electromagnetic field unit.

where the power delivered from the electromagnetic generator
is stored in a primary battery. In contrast, some energy from
this battery is used to feed the electromagnetic field system,
the PLC, and is supplied to electrical devices.

However, the system can be designed with a single battery
unit. The electromagnetic field system consists of a rotor and
a stator antenna. Two 350 mm diameter and 25mm thick rotors
are made from an aluminum block with 64 positions for 128
NeFeB magnets, as shown in Fig. 2. As illustrated in Figs. 2
and 3, the stator antenna unit with eight copper coils (24 V) is
manufactured from an aluminum block with copper wire
installed on the circular aluminum frame approximately 5 mm
from the rotor unit. As illustrated in Fig. 4, the electrical
generator with controller charger system consists of a
generator (400W), MPPT controller charger system (24V),
main lithium-ion battery (320Ah, 24V), and DC-AC
inverter(24V). The solar cell system includes a solar cell panel,
a solar charger controller, and a lithium-ion auxiliary battery
(12V) for the motor's first start. Between the rotor and the
initial starting unit, an inertia wheel (with drive gear unit) 350

Electromagnetic control board
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Fig. 4 Photograph of the inverter unit, generator unit, and controller charger unit.

mm in diameter is installed on the main shaft (30 mm in
diameter), with the other end immediately attached to the
generator shaft via a connection. As illustrated in Fig. 5,
starting the DC motor (12V) is only utilized for the initial
revolution of the rotor, which the programmable controller
controls.

2.2 Experimental test method

First, the system is powered by energizing the switching
power and the energy of the primary battery module, which
includes eight stator copper coils. The motor contacts the
driving gear to power the main shaft (rotor and generator),
which the PLC controls. The initial gear motor then travels
away from the driving gear and de-energizes, and the
electromagnetic field of each stator reel dips the rotor. A
tachometer is used to measure the rotation rate of the rotor.
Eight antennas operate independently and may be controlled
by a PLC, as illustrated in Fig. 6. Each antenna consists of a
copper coil, electromagnetic control board, power supply unit,
light bulb monitoring system, and a PLC control system. As
seen in Fig. 2, each antenna station functions independently.

Motor gear unit

start
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Fig. 5 Photograph of the motor start u
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The digital circuit control may change the electromagnetic
unit (eight antennas) and the connecting/disconnecting times.
This is shown by the operation of each antenna's light bulbs,
which flash synchronously. To determine the impact of the
starting motor drive time, the electromagnetic field unit
(copper coils), and operation time, relevant parameters may be
adjusted, and each antenna may be switched on/off by pressing
its symbol on the display.

The experimental processes have been performed with
three different generators, as shown in Fig. 7. The Gen-1 is
modified from the inverter direct drive motor of the washing
machine, Gen-2 is modified from the car alternator, and Gen-
3 is a low-speed generator. The primary battery provides the
power for the system. The generator's output is stored in the
primary battery, monitored, and measured using a digital
AC/DC clamp meter. The system is also intended to provide
some of the power for the solar cell system. Table 1 shows the
uncertainty and precision of the instruments.

3. Results and discussion
The power delivered comes from the -electromagnetic

Drive gear unit

&
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Fig. 6 Photograph of the electric control system and control panel.

Table 1. Uncertainty and accuracy of the instruments.

Instrument Accuracy (%) Uncertainly
Power supply, V 0.2 .5
Multi-meter 0.1 40.05
Tachometer 0.05 0.1

generator, which is stored in a main battery. The energy of the
auxiliary battery is obtained from the solar cell system, in
which the maximum solar energy occurs at noon. In contrast,
the lowest occurs in the morning and evening.*® The system's
operating conditions can be monitored and controlled using a
PLC system with a touchscreen. This study examines various
electromagnetic field sources, three generators (Fig. 7), and
initial motor drive time.

Figure 8 shows the rotor speed variation with the
electromagnetic field sources (EFSs) with three generators for
the initial motor drive time of 10 s. The main rotor shaft is
directly connected to the generator shaft with the connecting
device. The number of EFSs used in the present study is 3-8.

For three generators, the speed increases with the number of
EFSs. Gen-1 begins to rotate when the number of EFSs
exceeds 4, and the rotor speed increases with increasing the
number of EFSs. Gen-2 provides a higher rotor rpm for all the
number of EFS than Gen-3 and Gen-1, giving a maximum
speed of 1920 rpm for the EFSs of eight, 1700 rpm for Gen-3,
and 950 rpm for Gen-1. Therefore, all the experimental
conditions were carried out with the Gen-2 for different
relevant parameters for the operating time of 30 minutes.

Figure 9 illustrates the effect of the initial motor drive time
on the rotor speed for Gen-2 with EFSs = 6. In the first stage,
the gear motor comes into contact with the drive gear to drive
the main shaft (rotor and alternator). After that, the gear motor
moves away from the drive gear and enters power-off mode,
which PLC controls. The figure illustrates that the rotor speed
increases as the initial motor drive time increases. In addition,
it is found that the maximum rotor speed at the initial motor
drive time of 5 s is equal to the initial motor drive time of 10 s
(Fig. 8). Therefore, to get the maximum rotor speed and save
energy consumption of the initial motor start, take 5 s the
initial motor drive time is suitable.

Figures. 10 and 11 show the variations of the charged and
consumed energy (voltage level) for a 30-minute running time.
The stored electric energy is generated from the generator,
which is charged in the primary battery unit. At the same time,
some power from the primary battery is supplied for the whole
system, including the control system and electromagnetic field
system. The charged and supplied electric energy (voltage
level) increase with the initial motor drive time (IMDT)
increase. Fig. 12 shows the net electric energy with an initial
motor drive time (IMDT) for EFSs = 6. It can be found that
the charged energy (voltage level) rate is higher than the
discharged energy (voltage level) rate by around 10.99% for
an initial motor drive time of 2 s and 18.18% for an initial

Fig. 7 Three generators used in the present study.
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Fig. 8 Variations of rotor speed with the number of EFSs for
different generators.
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Fig. 11 Variation of used electrical energy with initial motor drive
time (IMDT) for EFSs = 6, operating time = 30 minutes.
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Fig. 12 Variation of net energy with initial motor drive time
(IMDT) for EFSs = 6, operating time = 30 minutes.

motor drive time of 5 s.

The results above show that the proper initial drive motor
time (IMDT) of 5 s is used in the following experiment. The
effect of the electromagnetic field sources (EFSs) on the rotor
speed using a 5 s IMDT for 30 minutes is shown in Fig. 13.
The strength of the electromagnetic field varies according to
the source. As a result, higher electromagnetic field sources
(EFSs) increase rotor speed, resulting in a higher energy
charged rate. As shown in Fig. 14, the primary battery's
maximum and minimum energy charged rates are 0.91 V and
0.44 V for the EFSs of 8 and 3, respectively. Generally, the
battery charging rate depends on the voltage remaining in the
battery and the feed current level. For a given feed current
level (1.1-1.2A), the empty battery or low voltage remaining

© Engineered Science Publisher LLC 2024
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level, the battery charging rate is also high, and the charged
rate decreases as the battery is close to full level. In the present
experiment, the remaining voltage level of the battery for each
condition is not the same level, which results in the battery
charging rate. From the results from Fig. 14, the remaining
voltage level of the battery for EFSs of 4 is lower than EFSs
of 5 and 6. Therefore, the EFSs of 4 give a higher charging
rate than the EFSs of 5 and 6. However, the energy
consumption increases with increasing EFSs, as shown in Fig.
15. The variation of the net energy level with different EFSs
for an operating time of 30 minutes, as shown in Fig. 16. It can
be found that the charging rates are higher than the discharging
rate for EFSs of 3, 4, 5, 6, 7. However, for EFS of 8, the
discharging rate is higher than the charging rate. The present
study, the system performance is the ratio of net voltage to
charge voltage ((Charge voltage-discharge voltage)/Charge
voltage) of 56.56%, 73.08%, 20.14%, 4.31%, 20.61%, and -
3.46% for EFSs 3, 4, 5, 6, 7, and 8, respectively.
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Fig. 13 Variation of rotor speed with EFSs for IMDT = 5 s,
operating time = 30 minutes.
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s, operating time = 30 minutes.
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Fig. 15 Variation of energy consumption with EFSs for IMDT =
5 s, operating time = 30 minutes.
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4. Conclusions

A new electromagnetic field system with an initial motor drive
and solar cell system for the auxiliary energy storage system,
monitored and controlled with a PLC system, has been
designed. The optimum state for an electromagnetic field
generator was examined. The effects of the initial motor drive
time, generator types, and electromagnetic field sources on
system performance were considered. It is noted that the
suitable electromagnetic field generator with a G-2 generator,
four EFSs, and IMDT of 5 s gives the highest performance.
The maximum speed and performance are around 1920
revolutions per minute and 73.05%, respectively. However,
some relevant parameters on the performance must be
continuously performed. After the optimized conditions, some
control systems can be removed from the system to reduce
energy consumption and operate with the solar cell system that
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feeds the system, which results in higher efficiency, a
simplified system, and easier operation control.
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