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Theoretical, Numerical and Experimental
Investigation of a Faraday Disc Generator for
Energy Harvesting Applications

Jorge Luis Galvan-Ruiz (2, F. S. Sellschopp-Sanchez

Avalos-Zuiiiga

Abstract—This work investigates theoretically, numerically,
and experimentally a Faraday disc generator. A Faraday disc
consists of a conducting solid ring-shaped rotates at different
speeds while immersed in a magnetic field. Their interaction
induces an electric potential difference between the inner and
outer radii of the disc, which is measured by connecting a C-
shaped load resistor of aluminum. This generator is constructed
from readily available, inexpensive materials that can be con-
veniently replicated in any laboratory. This approach provides
an effective educational tool for understanding the underlying
physics of electromagnetic induction phenomena, construction
challenges, and capabilities this type of small-scale DC generator
device offers. Such generators can be used as a starting point
for harvesting untapped Kinetic energy, such as the movement of
the human body and vibrations in machinery, among others. In
addition, we discuss the challenge of designing and constructing
a load resistance that allows measurement and power generation
on the generators in the centimeter scale for energy harvesting
applications, aiming to replace batteries for several sub-watt
electronic devices.

Index Terms - Faraday disc, electromagnetic induction, energy
harvesting, experiment, theoretical analysis

I. INTRODUCTION

he need for efficient and reliable energy harvesting de-

vices has risen in recent years due to the increasing
demand for low-power and autonomous devices [1]. The
rapid growth of miniaturized electronics, networked smart
electronic devices, and the Internet of Things (IoT) [2],
[3] requires reliable power sources such as batteries. These
imply considerable challenges towards a successful energy
transition, particularly in finding new ways to replace batteries,
which have technological and environmental concerns. For
example, a billion IoT devices that work with batteries imply
274 million battery changes per day [4], [5]. Among the
diverse kinetic energy sources, a particular interest exists in
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that produced by the movement of the human body. Energy
harvesting from natural human motion represents a promising
alternative to power some portable devices [6]. For example, in
Latin America, energy harvesting has been used to quantify the
energy potential of mechanical energy from direct contact of
a prosthetic foot with the ground when walking [7]. However,
one of the main challenges in this field is designing generators
that can effectively convert energy harvesting from unusable
sources, such as natural human movements or mechanical vi-
brations products of everyday activities, into electrical power.
The human body, as well as a large number of industrial
processes and everyday technological applications, are an
unlimited source of small amounts of “unused” (sometimes
also referred to as wasted) energy [8]. Examples of systems
that use this energy obtained through different means are
the nano-generators [9]. Some types of these generators are
mainly based on piezoelectricity [10], in which deformations
produced by some forcing element, such as footsteps, are
used to generate electrical energy; by triboelectricity [11],
caused by electromagnetic effects generated by the friction of
two materials [12]. However, the available energy that can be
recovered is in the order of a few milliwatts, requiring specific
adaptation.

Several configurations have been proposed for energy har-
vesting of human motion, including the vortex-type magneto-
hydrodynamic generator [13], [14], which can withstand high
pressures and aperiodic movement. In this case, the fluid is
confined between two electrically conducting concentric cylin-
ders and moves in the azimuthal direction. The whole system
is immersed in an axial magnetic field whose values ranged
from 139 — 400 mT. This system leads to complex three-
dimensional flows [13] that greatly simplify by considering
the fluid an ideal solid electrical conductor performing a rigid
rotation. In this case, the system reduces to the Faraday disc
generator, which might have different configurations [15]. A
Faraday disc generator can be constructed and characterized
in the laboratory, and a systematic investigation helps in
understanding the underlying phenomena. This is valuable as
a starting point toward designing electric power devices and
as a teaching resource.

In [16], a Faraday disc generator was analyzed experi-
mentally and theoretically under open circuit conditions. The
structure of this work is organized as follows. In Section II, we
present the theoretical model for the Faraday disc generator.
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Next, in Section III, we describe the numerical model and
assumptions employed to simulate the problem. In section IV,
we provide details of the experimental setup and conditions
used for characterizing the generator. We then present and
discuss the theoretical, numerical, and experimental results in
Section V. Specifically, we analyze the effect of the disc’s
rotation speed on electrical variables and investigate the exter-
nal load’s effect theoretically. Finally, we offer the concluding
remarks in Section VI.

II. THEORETICAL MODEL

The system under examination is a ring-shaped solid with
an internal radius r;, an external radius r,, and a height
of H, as shown in Figure 1. The solid is immersed in a
uniform axial magnetic field By and rotates at a steady angular
velocity wg. Thus, the azimuthal velocity is wg (1) = wor.
The interaction between the rotating ring and the applied
magnetic field induces an electric potential drop in the radial
direction, which can be measured. This corresponds to the
classical Faraday disc (see [17], [18]), depicted in Figure 1,
conceptualized as a conductive disc with radius r, that rotates
at a tangential velocity wp (r) in a uniform magnetic field
B = By2. The electromotive force induced by the relative
motion of the disc to the magnetic field between an inner
radius r; of the disc and its outer edge at r,, can be calculated
using Faraday’s law of induction.

I

, |

o

Fig. 1. Homopolar disc generator under a) open circuit conditions,
and b) connected to an external electrical load Ry.

In general, Ohm’s law for a moving conductor in the
laboratory frame of reference states that 5 =0 (E + 7 x E) s

where j is the current density flowing in the system and E
is the electric field associated with a fixed (transformer) or an
electrostatic source. Let’s assume steady-state (pseudo-static)
conditions, implying charge conservation condition V ~f: 0
[13], and take the divergence of both sides of Ohm’s law.
Therefore, V - E=-V. (17 X E) Thus, if the divergence of

¥ X B is not zero, there exists an electrostatic charge density,
pe, Which is given by the Gauss’s law for an electric field [17]
as:

o = —€0€rV - (6 x B’) (1)
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where ¢y and ¢, are the electric and dielectric constants
respectively. This implies that E is not zero and can be
calculated from Ohm’s law as

E=—-txB+j/o )

For the case of the Faraday disc generator working under
open circuit conditions (R, — oo in Figure 1), 7 = 0 because
no currents can flow between the terminals AB. Under these
conditions, the electric field is simplified as:

E=—#x B =—wyByr (3)

which results from separating electrical charges due to the
electromagnetic force in the radial direction 7. Note the electric
field is a function only of radius r. For a static magnetic field,
the differential form of Faraday’s law is given as V X E= 0,
implying that E = —V ¢, where ¢ is the electric potential.
Therefore, the electric potential drop between the inner and
outer radii, A¢ = ¢(r,) — &(r;), that is between terminals
AB can be calculated as:

A¢:VT=—/E.df:/ worBo dr (4)
C T

where Vr is the voltage between the terminals AB, also known
as terminal voltage.

It is important to note that the magnetic field associated
with the induced current, f, has been neglected in relation to
the imposed magnetic field By. This approach is known as the
inductionless approximation [13], and it is valid when induced
effects are much lower than the Joule dissipation [19]. Now,
let’s examine the scenario when the Faraday disc is connected
to an external electrical load Ry, through sliding contacts (Ry
finite in Figure 1). In this case, from V - j = 0, the current
flows radially in the disc in the form of:

=2 )
by
where I is the total current flowing in the circuit. Now the

electric field is given as:

-, I 1
E=|—-wyB -7 6
( woBor + 277H07“>r ©)

containing an additional term if compared to the open circuit
case. The electric potential drop between points AB is calcu-
lated from the definition given by (4), resulting in:

_wobBo o ooy 1 To
Ad = 2 (T" Ti) 2rHo n T )
or in

Vi =Voe —IR; 3)

where Voo = woBy (r2 —r?) /2 is the open circuit voltage
and I (o /)
n(ry/r;

Ri=—= h ©)

is the internal resistance of the ring-shaped solid. Equation
(8) is the expression of a non-ideal voltage source [18], as
illustrated in Figure 2.
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Vr

Fig. 2. Non ideal voltage source diagram, with R; is the internal
resistance of the disc and R;, the load resistance.

To calculate the terminal voltage Vr, we replace I =
Vr /Ry, in equation (8) and solve for V. This results in

VT = VO(:K (10)

where K = Rj/(R;+ Ry) is defined as the load factor.
Similarly, an expression for the total current can be derived,
which results in v

I= 1-K 11
A=K an
The overall electrical power is then
V2
P, =Vrl = é’_c(l—K)K (12)

According to (12), the maximum electrical power transfer
occurs when K = 1/2, indicating that the external resistance
equals the internal resistance of the system.

III. NUMERICAL MODEL

A numerical model was implemented to simulate the gener-
ator using the COMSOL Multiphysics software [20]. From the
AC/DC module, the Magnetic fields without currents, Electric
currents, and Electric circuits sub-modules were employed.
Three distinct domains were constructed: the aluminum disc,
cylindrical neodymium permanent magnet (N35 grade, with
a diameter of 50 mm and height of 10 mm), and the air (a
cubic volume containing all domains). The external resistance
is modeled by the Electric Circuit sub-module, in whose case
only the measured value is required. The magnet and disc
are concentrically located and separated by a given distance.
According to the experimental setup, the parameters used for
simulations are shown later in Table I. To avoid using de-
formable or sliding meshes, a tangential velocity was imposed
on the disc to simulate its rotation (prescribed velocity field),
enabling a static mesh. For the magnetic field, walls are placed
far enough to apply a zero magnetic field at these boundaries.
The equations solved in the AC/DC module are Ampere’s and
Ohm’s laws, as shown:

iVXE:j:a(Eﬂ?xé) (13)
Ho
as well as the condition of charge conservation V -f: 0. In
the software, the electric scalar potential ¢ and the magnetic

potential vector A are used as primary variables, allowing the
magnetic and electric fields to be expressed in relation to these
variables. Specifically, B=VxAandE = —V¢ — %—’?. As
a result, Ampere’s and Ohm’s laws can be rewritten as:

-,

Vx(ﬂiVx/T)—i—a(VqS—ﬁx(VxA)):O
0

V-(aV¢—oﬁ'>< (vXﬁ)):o

(14)

5)

Note that this analysis assumed a static magnetic field (in-
ductionless approximation) independent of the velocity field.
The sequence used to solve the equations was as follows: first,
the magnetic field was solved in all domains, considering a
zero magnetic field at the outermost boundaries of the pro-
posed working space. Secondly, the velocity, induced electric
currents, and electrical circuit modules in the aluminum disc
domain were solved.

IV. EXPERIMENTAL SETUP

We built a Faraday disc generator using readily available
and inexpensive materials. The setup can be conveniently
replicated in any laboratory, making it an effective tool for
educational purposes. The experimental setup consists of a
rotating aluminum disc within a magnetic field, as illustrated
in Figure 3. The disc, located in front of the magnet, is
powered by a 12 V dc motor. The disc is attached to a
rigid nylamid coupling, which electrically isolates it from the
aluminum shaft (1.9 cm in diameter and 35 cm in length).
The magnetic field is generated by a disc-shaped permanent
magnet, magnetized in the axial direction, securely fixed to a
static nylamid support, and placed at a specific distance from
the disc. The shaft, magnet, and disc are aligned along the axis,
and the system is mounted on a plywood base. A C-shaped
aluminum resistor was constructed to evaluate the generator’s
response under electrical load conditions. The resistance cross-
section decreases at both ends to contact the disc’s internal and
external radii (see Figure 3), allowing it to make contact with
the aluminum disc’s terminals.

Figure 3 illustrates the experimental setup, including the
disc, magnet, optical rotation sensor, and the constructed load
resistor. A CC Agilent/Keysight E3632A voltage source was
used to power the dc motor and rotate the disc at the desired
speed. The dc motor enables rotation speeds ranging from
928 to 1635 RPM. The magnetic flux intensity at 2.6 mm
from the magnet’s surface was measured with Tesla Meter
WTI10A Gaussmeter Surface Magnetic Field Tester. This value
was used to calibrate the numerical model. The dimensions
and physical properties of the disc, magnet, and of other
components are given in Table I.

A. Experimental Characterization

The experimental stage involves driving the Faraday disc at
different speeds to measure the induced current between the
internal and external radii of the disc when a load resistor
is connected. Disc rotation was characterized by an optical
rotational sensor mounted on the shaft. As depicted in Figure
3, a clamp-type ammeter measured the electric current.
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Fig. 3. Picture of the experimental configuration during electrical
characterization. The C-shaped aluminum resistor is shown in the
inset

TABLE 1
MAIN PHYSICAL AND GEOMETRICAL PARAMETERS
Parameter value
Material Aluminum

Inner radius r; = 2.5 mm

Disc Outer radius ro =25 mm
Height H =2 mm
Electrical conductivity o 37.8 x 106 S m~1!
Rotation speed 928 — 1635 RPM
Cylindrical (r x H) 25.4 x 10 mm
Magnet Remanent flux density 135T
Separation from disc 2.6 mm
Air Cubic domain L =200 mm
Relative magnetic permeability 1
Material Aluminum
Lenght 180 mm
i;:?:tance Height 19.05mm
Thickness 6.35 mm

Electrical conductivity o 37.8 x 106 S m~1!

1) Rotational speed measure: A 20-segment digital optical
sensor LM6490 connected to the aluminum shaft and an
Arduino board was used to read and record the sensor data.
Each reported measurement corresponds to average values.

2) Induced current: The induced current in the generator
under loaded conditions was measured using a Fluke POWER
CLAMP 345-PQ clamp ammeter. The current flowing through
the load resistor was measured, as depicted in Figure 3,
utilizing the instrument’s ability to measure using the Hall
effect. The obtained values were processed by calculating the
averages and standard deviations.

When using the Hall effect to measure the current flowing
through the load, it is essential to consider the magnetic
field generated by the flowing current. Since the resistor is
close to the permanent magnet, its magnetic field interferes
with the current measurements of interest. Namely, as the
ammeter detects the permanent magnet, a constant electrical
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current was measured at a fixed position, the reference current.
This way, the reference current (no rotation) was subtracted
from the total current values obtained while the generator was
operating, leaving only the electric current values induced by
the rotation.

V. RESULTS AND DISCUSSION

This section compares the results obtained from the ex-
perimental, numerical, and analytical models. The average
values of the induced currents and the discrepancies are also
validated and discussed. The variables obtained from the
experimentation, such as the average speeds and the physical
characteristics of the experiment (I), were utilized in the
analytical and numerical models to compare the results of all
of them.

A. Experimental Results

The experimental setup, described in Section IV, was tested
at four rotating speeds: 928, 1299, 1422, and 1635 RPM while
a load resistor was connected between the terminals. The
magnet, disc, and separation were the same throughout all
experiments; thus, the non-uniform magnetic field distribution
was identical. Measurements were carried out for each rotation
speed during 2 — 3 minutes of steady-state operation. These
measurements consider the rotation speed and the total current
when the electric load is connected. The reported values of
both variables correspond to the average of the experiment
duration. The reference current was measured before each
experiment. It’s worth mentioning that another relevant vari-
able of the experimental model is the load resistance, and its
construction and characterization play a crucial role in this
research.

1) Load resistance: The internal resistance of the aluminum
disk, computed from (9), is R; = 4.84 pf). The maximum
power output is obtained when the external load is equal to
the internal resistance [13], namely, Rx = R;. So, for the
aluminum disc of 25 mm radius, building a load resistor with
such a resistance value is not an easy task. Let us estimate
the cross-section of this resistor, considering a cylindrical
geometry (wire), which can be carried out using the following

equation:
l
Ri = p (16)
where Ry, is the load resistance, p is resistivity, [ is length,
and A is the transversal area. From (16), we can solve for the
radius once all other variables are defined. For Ry, = R;, a 10
cm long wire, the radii would be 21.71 mm and 17.52 mm
for aluminum and copper wires, respectively. Namely, it would
require more space than the length and area of the aluminum
disc of the Faraday disk, making them non-viable options for
the resistor, because it must be connected to the internal and
external radius of the disk. Reasonable wire diameters (0.68
mm for aluminum and 0.55 mm for copper) are obtained for
a thousand times bigger resistance (R; = 4.84 m(2). These
are schematized in Figure 4. Consequently, a resistor in the
mS? scale is a feasible option for experimentation, even if this



GALVAN-RUIZ et al.: THEORETICAL, NUMERICAL AND EXPERIMENTAL INVESTIGATION OF A FARADAY DISC GENERATOR 853

25 mm 25 mm

—y —_
Fig. 4. Schemes of the load resistor sizes with left) R, = R; =
4.84 puS) and right) R, = R; = 4.84 m{2.

Copper

Aluminum

leads to much lower power, that can be used to investigate the
generator with the load resistance.

The final design of the resistor, shown in Figure 3b),
consists of a rectangular bar with long end tips on both
extremes. The resistor’s electrical current streamlines (see
Figure 5) were simulated with COMSOL Multiphysics. During
experimentation, it was observed that the friction between the
rotating disc and the static terminals of the resistor caused wear
on both tips, which ultimately affected its internal resistance.
As established in (9), the total resistance of a conductor is
inversely proportional to its cross-sectional area, so when wear
occurs at the tips, this area increases, and the load resistance
decreases.

Fig. 5. Resistor’s electrical current streamlines in red and isosurfaces
of the electric potential. Numerical results from COMSOL simula-
tions

Experiments showed that despite minimal resistor wear,
it significantly affects the overall electrical variables due
to the change in its internal resistance. A direct physical
measurement of the wear length (¢) during experimentation
is challenging, and this research does not intend to cover
frictional wear resistance in this way. A simulation of this

resistance for different wear lengths was performed to in-
vestigate this effect. In this case, a constant voltage was
applied on both ends to observe how its internal resistance
varies. Figure 6 shows the load resistance as a function of
the wear length. In this case, the internal resistance decays
as Ry, = 0.2329 ¢~0922(R? = 0.9992). This plot shows the
impact of a minimum wear length in which a slight increase
in wear lead to a significant decrease in the resistance for
wear lengths below 0.2 mm, representing a 73% drop in its
value. Coincidently, these significant variations correspond to
the cases observed experimentally, which must be considered
for generator analysis.

Load resistance [m{2]

0.1 0.3 0.5 1 1.5 2
Wear length [mm]

Fig. 6. Resistance as a function of the wear length. Numerical results
from COMSOL simulations

2) Experimental induced current: Induced electric current
flowing just through the load was measured for different ro-
tation speeds, and their average values and standard deviation
are shown in Figure 7. The error bars correspond to one
standard deviation for each case. As observed, the induced
current increases monotonically with the rotation frequency,
as expected from the analytical model. Note that the standard
deviation also increases with the rotation speed. This can
be attributed to i) the load resistance variation during the
experiments due to wearing, leading to larger uncertainties in
the measurements, and ii) possible mechanical vibrations and
misalignment of the components. In addition, it is noteworthy
that wearing the resistor is faster for higher speeds, which
contributes to the uncertainty.

Since the voltage was not measured during experiments,
it can be estimated from Ohm’s law, V = IR. From this
law, the voltage exhibits the same behavior as the current. For
this purpose, the resistance was measured during all experi-
ments, in which we noticed wearing in the tips. Resistance
measurements were performed with the Keithley 2120-100
digital multimeter using the 4-point technique. In our case, the
resistance values stood in the range of 1 — 10 mS2, consistent
with the numerical simulation presented in the previous section
(see Figure 6). Therefore, given the uncertainty in resistance
and current, we obtain a range of values instead of getting
a single voltage value for each speed. This is presented in
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Fig. 7. Measured induced current as a function of the rotation speed

Figure 8. The curve limits, ranging from 1 mV to 17 mV for
the different speeds, are obtained from the lowest and highest
resistance and current values.
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15 3
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1
]
g 9
"é 7
Z
E 5
3
1 Rr=1 m{)
928 1,229 1,422 1,635

Rotation speed [RPM]

Fig. 8. Calculated induced voltage as a function of rotation speed
considering a load resistance ranging from 1 mQ2 < R; < 10 mS2
(shaded area)

The electric power can be computed readily from the mea-
sured total electric current and estimated voltage, P, = I V7.
This is shown in Figure 9. The electric power of the Faraday
disc under load conditions exhibits a behavior similar to
electric current and voltage with respect to the rotation speed.
For the explored experimental conditions, the estimated power
varied from 0.5 mW at 928 RPM (lower bound) to 28 mW
at 1635 RPM (upper bound). It is important to note that the
load resistance is three orders of magnitude higher than the
internal resistance of the disc. Thus, a higher power output
can be achieved if the experimental setup is optimized, which
is out of the scope of the present work.

B. Theoretical Results

In this section, the analytical (Section II) and numerical
(Section III) models are discussed and compared with the
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Fig. 9. Electric power as a function of rotation speed considering a
load resistance ranging from 1 mQ) < Ry < 10 m2 (shaded area)

experimental results presented in the previous section. For this
purpose, the physical and geometrical parameters (see Table I),
as well as the average load resistances for the corresponding
rotation speeds, are considered for both theoretical models.
Moreover, for visualization, the magnetic flux density and
electric current field obtained from the numerical model are
presented in Figure 10. The average magnetic flux density in
the disc domain was found to be 196 mT.

The validation of the two theoretical models with exper-
imental results is based on the measured induced current,
as well as the estimated voltage and electric power under
load conditions. Figure 11 shows the induced current obtained
experimentally and the values obtained from the analytical
and numerical models. The results show a good agreement
between the analytical and numerical models, with an error
percentage of approximately 2.3%. It is important to note
that theoretical and experimental results show an acceptable
agreement (within the same order of magnitude), despite the
simplification of the theoretical models and the systematic
errors in the experimental characterization, which lead to error
percentages ranging from 18 — 43%. This difference could
be attributed to the following assumptions or experimental
limitations: disregarding the contact (frictional) resistance and
nutation of the rotating disc, the methodology for determining
the induced current, and the resistance wear that may result
in load resistance variations during characterization. Although
possible misalignments and vibrations could affect the ex-
perimental results, based on our observations, the uncertainty
source is the frictional resistance. A feasible solution to this
late issue is to use liquid metals to ensure electrical contact
[21], which could also prevent the wearing of the parts.
However, the compatibility of the materials must be ensured.

The comparison of results for the induced voltage and
output power are presented in Figures 12 and 13, respectively.
As for the induced current, a similar comparison is observed
among the models. Moreover, estimated values are in the same
order of magnitude as the theoretical ones. Nevertheless, the
induced voltage from the theoretical models is within the
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Fig. 10. a) Streamlines of the magnetic flux density (in T), and b)
electric current field and voltage isosurfaces. Numerical results
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Fig. 11. Induced current as a function of rotation speed for experi-
mental (see Fig. 7), analytical, and numerical models.

calculated values, while the output power agrees it only occurs
at the higher rotation speed. Since these values are derived
from the induced current, discrepancies among models can be
explained by the same arguments. Smaller errors are expected
if the uncertainty in determining the load resistance is reduced,

and systematic errors in measuring the induced current are
avoided.

17 Experimental
15 Numerical
—o— Analytical

Induced Voltage [mV]

1229 1422
Rotation speed [RPM]

1,635

Fig. 12. Induced voltage as a function of a rotation speed for the
experimental (1 mf2 < Ri < 10 m{2), analytical, and numerical
models

30
Experimental
25| | —— Numerical
—— Analytical

Electric Power [mW]

1,229
Rotation speed [RPM]

1,422 1,635

Fig. 13. Electric power as a function of rotation speed experimental
(1 mQ < Ri < 10 mf?), analytical, and numerical models

Although the theoretical models show a good agreement
with experimental results and are prone to be improved, the
approach described in this work to investigate a Faraday disc
generator is of great interest for educational purposes. The
experimental setup presented here is suitable for use in school
laboratories to systematically investigate the impact of differ-
ent variables on the system. As for the experimental results,
the construction and characterization of the load resistance
and the technique used for the electrical characterization of the
system are the main contributions of this model. Estimating an
appropriate load resistance that matches the internal resistance
of the device is a complex task, as discussed in the results
section, and will be further investigated. Although the analysis
of load sizing has already been presented in this paper, it serves
as a reference for future experimentation.
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VI. CONCLUSIONS

This work investigates a Faraday disc analytically, numer-
ically, and experimentally. The experiments were conducted
with a 50 mm diameter and 2 mm height aluminum disc
rotating (928 — 1635 RPM) immersed in a stationary magnetic
field. We measured the induced total current, and the induced
voltage and output power were estimated using the measured
load resistance and electric current. The geometrical and phys-
ical parameters restricted the minimum reachable resistance
to the order of some mf). The numerical and analytical
models are in good agreement but present a fair agreement
with experimental results. Although all results are within the
same range of values, experimental results exhibited non-linear
behavior with the rotation speed. According to observations,
this non linearity can be attributed to the modification of the
electrical resistance of the external load because of wearing
(which is found to be significant), disregarding contact resis-
tance, vibration or misalignment of the rotating parts, and the
proposed methodology to determine the induced current. All
these aspects are prone to be diminished.

This work provides a methodology to build and characterize
a Faraday disc, which helps understand the phenomena of
electricity generation that can be scaled to small geometries
aiming to low power consumption (in the sub-watt scale)
electronics. The experimental setup described in this study
can be easily replicated in school laboratories, providing an
accessible platform to explore the effects of various parameters
on the system’s performance. This configuration allows for a
comprehensive investigation of key factors such as conductiv-
ity, magnetic flux density, and geometrical variables, providing
a valuable opportunity for students and researchers to gain
hands-on experience and develop a deeper understanding of
the system. As such, this setup has the potential to enhance
science education and promote innovation in related fields.
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