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Abstract—The world’s ocean serves as a major renewable
energy source and creates the opportunity for harvesting
the kinetic and potential energy associated with its waves.
Specifically, wave surge and heave are often used for
wave energy conversion into electric energy. This paper
describes a heave wave-powered buoy that uses a spiral
spring energy storage mechanism, spool for mooring cable,
and an axial flux generator that produces a peak voltage
of approximately 7.5 V at 115 rpm. The 115 rpm was
determined from the maximum vertical velocity, 0.3925 m/s,
of the buoy with a simplistic sinusoidal 1D heave motion
model and wave with a period of 8 s and amplitude of
0.5 m. The entirety of the mechanical assembly, excluding
mooring cable and the anchor, weighs 986.7 g and was
deemed to be buoyant through volumetric analysis.

Index Terms—Spiral Spring, Axial Flux Generator, Lin-
ear Generator, Wave Buoy, Renewable Energy

I. INTRODUCTION

A. Background

Wave energy is a renewable energy source that is gen-
erated when wind, created from the sun’s solar energy,
moves across open surfaces of water and transfers energy
through friction [1]. As wind energy increases, more
kinetic energy is transferred to the ocean surface and
larger waves result. When a wave passes a fixed position
(perpendicular to horizontal wave motion), the water
surface changes in height (potential energy), creating the
opportunity for an energy harvesting system [2].

Wave energy converters (WECs) are designed to con-
vert this kinetic and potential energy from waves into
electric energy [3]. Because ocean waves generated by
the wind are non-linear and chaotic, there is no single
equation that fully describes or predicts their movement
as a function of position and time. However, ocean
wave motion is often treated as sinusoidal and can be
characterized as a composition of sinusoidal functions
with different amplitudes, phases, and frequencies.

Based on the motion of the wave, energy harvesting
devices work in two primary ways: from the vertical
motion (heave) or from the horizontal movement (fluc-
tuation in ocean tide or surge) [3]. Technically, floating

devices responding to real-world waves can be modeled
with 6 degrees of freedom (DOF): surge, sway, heave,
roll, pitch, and yaw. But, for the purposes of this project,
we simplified the movement to include only wave heave.

Wave profile devices are a class of device that float
on or near the ocean surface and whose size is com-
parable to the wave length [2]. The dimensions of our
energy harvesting device are small relative to the incident
wavelength, so the device can be treated as operating in
the lumped regime. In other words, the wave does not
vary much across the size of the device, and can be
represented as a 1-DOF heave across the system.

B. Design Scenario

Given a simplistic and ideal wave scenario, the ob-
jective was to design a small energy-harvesting device
capable of converting ocean wave energy into electrical
energy.

C. Performance Objectives

The design was required to meet the following perfor-
mance objectives:

• The device must float on the ocean surface, al-
though it may be tethered to the ocean floor.

• It must provide a 5 VDC electrical output capable
of charging a standard smartphone.

• The total system mass must not exceed 1.0 kg.

D. Wave Mechanics and 1-D model

For this model, the ocean wave motion was approxi-
mated with a sinusoidal function of the form A sin(ωt).
This was chosen as a first-order representation of vertical
(heave) wave motion. The wave had an amplitude of
0.5m and a period of 8 s, which is defined as moderate,
organized, and predictable wave motion [4][5]. The
described wave’s motion gives an angular frequency of:

ω =
2π

T
=

2π

8
= 0.785 rad/s.
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Thus, the vertical displacement of the buoy was modeled
as:

x(t) = 0.5 sin(0.785t).

Taking the first and second derivatives gives the buoy
velocity and acceleration:

v(t) = ẋ(t) = 0.3925 cos(0.785t),

a(t) = ẍ(t) ≈ −0.308 sin(0.785t).

While this first order model is useful as an approxi-
mation, a more accurate model involves the linear rela-
tionship described by [6]. Using a summation of forces
in the vertical direction, including buoyancy, gravity,
spring force, wave force, and damping, the buoy can
be modeled as a one-dimensional mass-spring-damper
around the system equilibrium [7]:

mz̈ + cż + (ks)z = Fext,

where m is the buoy mass, c is the damping coeffi-
cient, ks is the equivalent linear stiffness of the spiral
spring, and Fext is the external wave excitation force
[6]. In this model, gravity and the static buoyant force
are balanced at this equilibrium position. Hydrodynamic
effects are not modeled explicitly.

E. Ideation Stages

1) Existing Solutions: When browsing the internet
for existing solutions, we found a wide range of wave
harvesting concepts. These systems employed mecha-
nisms such as gear trains, pumps, pneumatic conversion,
generators, dead weights, springs, flywheels, etc. all to
convert the ocean’s kinetic and potential energy into
electrical energy. Some designs place the buoy or energy
conversion device above the water surface, at the surface,
or just beneath the ocean surface. Other systems separate
the flotation component from the energy conversion com-
ponent and distribute these systems in some combination
between the ocean surface and floor. The conclusion
from this survey was that there is no definitively correct
or most efficient way to harvest wave energy, with each
system having its own set of assumptions/simplifications.

2) Permanent Magnet Linear Generator: We initially
considered a permanent magnet linear generator [8].
The concept began with a single magnet, attached to
the buoy, moving through a stationary coil fixed to
the ocean floor. This was later extended to a Halbach
magnet arrangement with multiple magnets to increase
the magnetic flux variation and improve induced voltage
[9]. In both configurations, simulation results showed
that with our wave’s max velocity of 0.3925 m/s and
small air gaps, the slow period of the ocean wave made
it difficult to generate sufficient speed voltage to hit the
goal of 5 Volts. Additionally, the stator or translator

would need to have a length comparable to the wave
height, 1 m, in order to induce voltage over the full
vertical motion of the buoy. This made the concept less
practical under the mass constraint of 1 kg.

3) Rack and pinion with gear train: After realizing
that we needed to convert the relatively long vertical
motion of the buoy, 1 m, into periodic rotational motion
such that we could generate sufficient speed voltage of
the magnet through the coil, we explored a rack and
pinon with a gear train and slider mechanism. After
several design versions, we considered configurations in
which the rack was fixed either to the moving buoy or
the ocean floor, with the pinion and gear train arranged
in the opposite manner. However, this approach led to
issues such like needing a long rack for the full stroke
(plus its associated weight) and the complexity of a
lightweight enclosure that would prevent saltwater from
entering the gear train from the rack. We then considered
using flexible bellows to encase the rack, while the rack
was fixed to the ocean floor with the buoy moving up
and down from the gravitational/buoyant force, but still
this approach seemed to be too heavy for deep waters.

4) Generator with Spiral Spring: Finally, we settled
on a buoyant system inspired from the internal mecha-
nism of a badge reel. In this mechanism, the extension
of the cord causes the spiral spring to wind and store
mechanical energy which is then used to retract the
cord when it is released. A similar idea is used in tape
measures where a coiled spring works with a breaking
mechanism to retract the tape after it is extended. Ap-
plying this idea to our design, we aimed to use a spiral
spring to provide a downward force on the buoy in the
negative heave direction (or towards the ocean floor) of
which the buoy was moored.

II. MATERIALS AND METHODS

A. Mechanical Enclosure

The mechanical enclosure was designed using Solid-
Works. The objective of the enclosure was to provide
a stable environment for the energy harvesting mech-
anisms (spiral spring, spool, bearings, and axial flux
generator) within the buoy.

The design process began with the spiral spring,
modeled with 17-7 PH stainless steel, as shown in Figure
1. The dimensions were estimated with an online spiral
spring calculator [10]. The spring was designed with an
inner diameter of 20 mm, an outer diameter of 80 mm,
7 turns, a strip width of 20 mm, and a thickness of 0.1
mm. A Young’s modulus of 2.0×1011 Pa was assumed.
The spring load was estimated as 0.308 N based on
the peak inertial force for a 1 kg with the 1D heave
sinusoidal motion. Using these parameters, the spring
was calculated to produce an angular twist of 2910.6◦,
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required a total strip length of 1.09 m, and developed
a bending stress of 739.2 MPa, which was a reasonable
value for the selected material that is often used for high
stress springs [11].

Fig. 1: The spiral spring was designed with seven turns
and sized to provide sufficient angular deflection and
restoring torque for the target vertical wave motion.

The spring design parameters were manipulated so
that the available cord travel would exceed the target
ocean displacement of 1 m in the vertical direction. A
1 mm diameter steel cord was wrapped around a spool
with a radius of 85 mm. The theoretical cord travel is
then given by:

s ≈ rwrapθ ≈ 4.32m,

where rwrap is the spool wrap radius (≈ ODspring)
and θ is the spring rotation in radians. This value of
travel is well above the 1 m wave model target. The
corresponding cord force can be approximated from the
spring torque as

F ≈ M

rwrap
,

which yielded approximately 0.308 N [10]. This indi-
cates that the spring should provide sufficient restoring
force to pull the buoy downward during operation.

After sizing the spring, the next step was designing an
enclosure which placed the spring relative to the spool,
Figure 2. While some spiral spring mechanisms place
the spring adjacent to the spool on a separate shaft, we
decided to place the spiral spring inside the spool itself
to make the design more compact. In this configuration,
one end of the spring is attached to a rod within the
central shaft with a slit down the center for securing the
spring. This inner shaft is not fixed to the spool itself
but to an axial pin (within the shaft that rotates) which
is then connected to the enclosure wall so it remains
stationary. The other side of the spring is attached to
the spool wall. As the spool rotates, the spring stores or
releases energy from strain in the metal as one end of the

spring is fixed to the spool and the other end is fixed to
the stationary enclosure. This is the key mechanism that
allows the buoys motion to be converted into rotational
mechanical energy.

With an inner spool diameter of 85mm, a spool width
of 35mm, and a radial depth of 7mm, the approximate
cable capacity can be estimated with a 1mm diameter
cord, 7 winding layers, and 35 wraps per layer. The inner
winding radius is 42.5mm, and the outer winding radius
is 49.5mm, with an average winding radius of 46 mm.
The total stored cable length is then approximately:

L ≈ Nlayers Nwraps/layer 2πravg ≈ 70.8m

This cable capacity does not mean that the spring is
meant to remain under strain over the full cable length.
Rather, it shows that excess line can be held in the spool
before the anchor is dropped to the ocean floor. Ideally,
enough cable is released so that the anchor reaches the
seabed before the spring becomes excessively tensioned,
which would then risk pulling the buoy below the surface
if the spring tension force is greater than the buoyant
force.

To prevent the buoy from being pulled beneath the
surface, the spring tension should remain less than the
buoyant force:

Fspring ≤ Fbuoyant

One side of the spool is open-faced to allow for the
insertion of the spiral spring, after which a lid with a
central hole for for the 10 mm diameter and hollow shaft
is attached with four M4 screws, Figure 2. Within the
central shaft, an axial pin holds the center of the spring
stagnant. On the opposite side, the spool includes a shaft
and mounting plate used to attach the rotor of the axial
flux generator.

Fig. 2: The spiral spring is housed within the spool and
a removable lid with screw fasteners are used to retain
the spring within the enclosure while allowing torque

to be transferred through the spool shaft.
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Bearing supports were added on both sides of the
spool to reduce the rotational friction and ensure that the
spool does not misalign when it is winding/unwinding.
The two support frames with bearings for the spool
were mounted to the base of the enclosure. The bearings
used were size 10-10, with a 10 mm bore diameter, 26
mm diameter, and 8 mm thickness. Again, the support
structures were fixed to the bottom enclosure using M4
screws. The spool shaft was designed to have a clearance
of 15 mm between the bearing and the spool to minimize
stresses on the spool.

On the generator side, the spool-mounted plate was
connected to the rotor using four M4 screws. The rotor
consisted of a 1023 carbon steel plate with twelve
NdFeB-35 permanent magnets. A separate support plate
was used to mount both the stator and the enclosure
base 4. The stator was constructed from a 1023 carbon
steel plate and contained twelve sets of copper windings.
There is approximately a 0.5 mm air gap between the
magnets of the rotor and the stator. The spacing between
the spool and the rotor was adjusted with the shaft length
as to place the center of mass roughly near the center of
the buoy Figure 3.

Fig. 3: Top-view SolidWorks model of the buoy
assembly showing the center of mass with the red

arrow. The image is taken with 20 mm grid spacing.

To allow the mooring cord to exit the enclosure while
limiting seawater from getting into the enclosure, the
spool shaft and cord were routed through the bottom of
the enclosure with a rubber seawater gasket. This is an
major simplification of strategy that would be required
to keep saltwater out of the system.

The overall mechanical enclosure was designed as a
cylindrical housing with a diameter of 150 mm and a
height of 120 mm, giving it a bucket-like shape. Around
the top edge of the enclosure, a circular flange extends
outward and provides mounting points for eight M4
screws that attach the upper flotation structure, Figure
6.

Fig. 4: Side-view of the spool, axial flux generator, and
support structure. This view shows the relative

placement of the spool, generator rotor and stator, and
the support frames that are primarily for structural

stability.

Fig. 5: The design integrates the upper flotation shell,
spool, spiral spring energy storage mechanism, axial

flux generator, support structure, and mooring
connection within a cylindrical enclosure.

The top buoy was designed as a hollow swept hemi-
spherical shell with a diameter of 170 mm. Both the
main enclosure and buoy shell were modeled as hollow
structures with a wall thickness of 2 mm to reduce total
mass. The buoy base shell and top orange float were
designed with simple cylindrical and half sphere shapes
as to aid in the simple buoyancy analysis approach.
Finally, at the top of the buoy, a small stand was mounted
using four M4 screws to hold an NC State flag, Figure 5.
The total mass for the assembly, excluding the mooring
line and anchor was 986.7 g as shown in the BOM Table
I in the Appendix.

B. Buoyancy Analysis

An extremely simplified approach was taken for the
the buoyancy analysis. By Archimedes’ principle, any



ECE-535, DESIGN OF ELECTROMECHANICAL SYSTEMS, APRIL 2026 5

Fig. 6: Exploded SolidWorks view of the full buoy
assembly.

object submerged in a fluid experiences an upward
buoyant force equal to the weight of the fluid it displaces
[12]. Therefore, the buoyant force can be determined by
the volume of displaced water. The total mass of the buoy
system was approximately 986.7 g. The upper flotation
section was modeled as a half-sphere shell with an inner
radius of 85mm. The enclosed volume of a the half-
sphere is given by

V =
2

3
π(r)3 ≈ 1.29× 10−3 m3.

Assuming seawater with a density of 1000 kg/m3, this
corresponds to a displaced-water mass of approximately

mdisplaced = ρV ≈ 1000(1.29× 10−3) = 1.29 kg.

Since this displaced mass exceeds the buoy mass of
0.9867 kg, the half-sphere flotation section alone pro-
vides enough buoyancy to float the system, even before
including any additional buoyancy from the cylindrical
section containing the electromechanical components
which had an inner diameter of 148mm and a height
of 120mm. This additional volume gives margin for the
buoy flotation during dynamic movement from heave and
the spiral spring force.

For simplified dynamics, we want the buoyant force
to be large relative to the system inertia so that the
buoy more closely follows the 1-D wave motion and
does not majorly deviate from the vertical water position.
Many papers have explored this complex and non-linear
relationship, which was not a focus for this project [6]
[13] [14].

C. Initial Linear Flux Generator

Prior to the axial flux generator design, an initial con-
cept based on a linear permanent magnet generator was
developed and analyzed. The linear generator consisted
of a center magnetic assembly and an outer coil structure.

1) Magnetic Assembly: The center assembly was con-
structed with four permanent magnets and three steel
spacers arranged in alternating polarity along the axial
direction. This alternating arrangement was chosen to
maximize the number of flux reversals per unit length
of translator travel, increasing the rate of change of
flux linkage through the coil and therefore the induced
voltage.

2) Coil Construction: The outer coil was parameter-
ized based on the desired number of turns, number of
layers, and wire diameter. The coil utilized 0.255 mm
diameter copper wire wound to 200 turns over 10 layers.
The coil height was determined by

h = N · (2rw),

where N is the number of turns and rw is the wire radius.
The coil outer radius was defined as

router = a+ rw + (L · d),

where a is the mean radius of the innermost winding
layer, L is the number of layers, and d is the wire
diameter. A hollow central bore of radius a − rw was
subtracted to accommodate the sliding magnet assembly.

The total winding resistance was estimated from

R =
ρ ℓ

A
,

where the total conductor length was approximated as

ℓ = 2π

(
a+

d · L
2

)
·N · L,

the conductor cross-sectional area as

A = π

(
d

2

)2

,

and the resistivity of copper as ρ = 1.68× 10−8 Ω ·m.
These parameters yielded an estimated coil resistance of
approximately 87 Ω.

3) Rationale for Design Transition: The primary lim-
itation of the linear generator is geometric. To induce
voltage over the full displacement of the wave, the coil
length must be approximately equal to the peak-to-peak
translator travel. Under the assumed wave model with
1 m of vertical displacement, this requires a coil on
the order of 1 m in length. Even the shorter prototype
coil with a length of 51 mm and outer diameter of
approximately 45 mm, already contributed substantially
to the system mass budget coming in at approximately
650 grams, making a full-length coil infeasible within
the 1 kg mass constraint.

A mechanical advantage mechanism, such as a rack-
and-pinion stage to convert wave travel into multiple
shorter translator strokes, was considered as a potential
remedy. However, this approach introduced significant
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added mechanical complexity, additional mass, and po-
tential failure modes in a saltwater environment.

For these reasons, the design was transitioned to the
axial flux generator described in the following section.
The axial flux topology offers a more compact form
factor, higher power density, and a natural integration
with the developed buoy design.

D. Axial Flux Generator

1) Generator Construction: The axial flux generator
was designed using Ansys RMxprt. The stator was
configured as an AXIAL_AC machine type and the rotor
as an AXIAL_PM type, with an air gap length of 0.5 mm
between the rotor and stator faces.

The machine was constructed with 12 poles and 15
slots in a three-phase wye (Y) winding configuration.
The stator core has an outer diameter of 65 mm, an inner
diameter of 30 mm, a thickness of 10 mm, and a stacking
factor of 0.95, and is composed of Steel 1010. The
windings are double-layered with 400 conductors per slot
of 32 AWG wire (0.203 mm wire diameter) and a coil
pitch of 1. The resulting slot fill factor from the RMxprt
solution was 61.55%. The rotor shares the same outer
and inner diameters of 65 mm and 30 mm respectively,
with a length of 8 mm and a stacking factor of 0.95,
also composed of Steel 1010. The rotor core has a pole
embrace of 0.9 and is fitted with NdFe35 permanent
magnets of length 15 mm and thickness 2 mm.

2) Maxwell 3D Simulation Setup: Following the
RMxprt design stage, the generator model was exported
and analyzed in Ansys Maxwell 3D. Several modifica-
tions were made to the simulation setup to accurately
model the generator operating as an energy harvester
rather than a motor.

First, the excitation voltage was changed from the
RMxprt preset value to zero. This ensures that all elec-
trical output in the simulation is derived solely from
induced EMF due to the relative motion between the
rotor magnets and the stator windings that is, a change in
flux linkage caused by the rotating permanent magnets.
Setting a nonzero excitation would otherwise supply
energy to the coils externally and obscure the true
generation behavior.

Second, the rotational velocity in the motion setup
was defined as a time varying function to model the
angular velocity that results from the buoy’s wave driven
motion. While the effect of this variation is negligible at
small simulation timescales, it was included for physical
consistency.

All simulations were performed with time steps rang-
ing from 0.5 ms to 5 ms depending on the analysis type.
Coarser time steps were initially explored but produced

suboptimal results. Since induced voltage is calculated
as

E = −dΦ

dt
,

an excessively large time step relative to the rate of flux
change leads to poor approximation of the instantaneous
induced voltage. Finer time steps were therefore neces-
sary to accurately resolve the induced waveforms.

3) Rectifier Circuit and Charging Model: After char-
acterizing the generator in Maxwell 3D, the generator
model was incorporated into a three phase rectifier circuit
to evaluate its ability to charge a 5 V battery. The
rectifier consists of six diodes arranged in a full bridge
configuration, three on the positive rail and three on the
negative rail, producing a rectified output waveform at
twice the frequency of the input phase envelope.

The left side of the circuit, seen in Figure 7, represents
the generator model, comprising the per phase induced
voltage waveform, winding resistance, and winding in-
ductance as extracted from Maxwell. The rectifier output
was connected to a 5 V voltage source in series with a
0.1Ω resistor, representing the terminal model of a 5 V
battery under charge. The power delivered to the battery
was computed by monitoring the current entering the
positive terminal of this voltage source.

Fig. 7: schematic built in Maxwell Circuit for
simulating the generators use for battery charging

utlizing a 3 phase full wave rectifer circuit.

While the diodes, generator phases, and battery termi-
nal are each modeled with basic non idealities, several
second order effects are not captured, including diode
forward resistance, junction capacitances, and thermal
dissipation. Additionally, the present circuit topology
does not include output filtering. A practical imple-
mentation would incorporate an RLC filter to suppress
current and voltage ripple, and would ideally replace the
simple rectifier with a dedicated charging circuit such
as a constant-current/constant-voltage (CC/CV) topology
with appropriate filtering for safely charging a lithium-
ion battery.
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III. RESULTS

A. Linear Flux Generator
Electromagnetic simulation of the linear generator

produced a peak open-circuit winding voltage of ap-
proximately 6.25 V (Figure 8) at the maximum expected
translational velocity of 0.3925 m/s.

Fig. 8: Voltage measured across the winding of the
linear flux generator, measured at a timestep of 0.5 ms,

with a magnet assembly velocity of 0.3925 m/s

This also produces a corresponding winding current
of approximately 75 mA through the winding, as shown
in Figure 9.

Fig. 9: Current measured through the winding of the
linear flux generator, measured at a timestep of 0.5 ms,

with a magnet assembly velocity of 0.3925 m/s.

An analysis of the magnetic flux changes were visu-
alized using a B field plot for the magnetic assembly,
Figure 10

Fig. 10: 3D vector plot of the magnetic flux density
throughout the magnetic assembly.

While the voltage target was nominally met, the coil
length required to sustain induction over the full 1 m

wave displacement rendered the design infeasible within
the 1 kg mass constraint, motivating the transition to the
axial flux topology.

B. Axial Flux Generator

1) RMxprt Solution: The RMxprt solution for the 12-
pole, 15-slot axial flux generator yielded a slot fill factor
of 61.55%, confirming that the 400-conductor, double-
layer winding of 32 AWG wire (0.203 mm diameter) was
geometrically feasible within the stator slot geometry.

2) Maxwell 3D Induced Voltage: Transient simulation
in Maxwell 3D, with the excitation voltage set to zero
and rotor motion driven by the wave-derived angular
velocity profile, produced three-phase induced voltage
waveforms in the stator windings as seen in Figure 11.

Fig. 11: Voltage induced across the three generator
windings.

An example of the magnetic flux density for the axial
flux generator can bee seen in Figure 12.

Fig. 12: 3D plot of the magnetic flux density through
the axial flux machine.

3) Rectifier Output and Charging Performance: After
connecting the Maxwell generator model to the three-
phase full-bridge rectifier and the 5 V battery terminal
model (0.1 Ω series resistance), the rectified output
voltage seen in Figure 13 and battery charging current
seen in Figure 14 were extracted. This results in a
nominal power delivery to the battery at maximum
velocity of approximately 0.5 Watts.
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Fig. 13: Voltage measured across the axial flux
generators phases when connected to the rectifier

circuit.

Fig. 14: Current measured going into the 5V batteries
positive terminal

IV. CONCLUSION

A. Application to Course and Measure of Success

This project has applications to the most recent ma-
chines coverage within the course and specifically the
chapters on time varying magnetic fields and induced
voltages. The electromagnetic principles that describe
the behavior of the axial flux generator are the same set
of Maxwell’s equations taught in the course: Faraday’s
Law, Ampere’s Law, and Gauss’s Law for magnetic and
electric fields.

One of the most fundamental relationships governing
the electrical behavior, design, and output of the gener-
ator is Faraday’s law of induction, expressed as

E = −dλ

dt
,

where E is the induced voltage and λ is the total
flux linkage through the winding. This single relation-
ship underlies the operating principle of both generator
topologies explored in this project, and reasoning about
it in terms of cutting lines of magnetic flux (”like a
lawnmower”) informed many of the key design deci-
sions.

In the context of the axial flux generator, one of
the primary design goals was to maximize the area of
overlap between the permanent magnets and the stator
windings. A larger magnet face area intersecting the coil
increases the total flux linking the winding at any given
rotor position, and therefore increases the magnitude
of dλ/dt as the rotor sweeps past each stator slot.
This directly translates to a higher induced voltage per
revolution. The same principle motivated the alternating

polarity arrangement in the earlier linear generator de-
sign, where adjacent magnets of opposing polarity were
used to maximize the number of flux reversals per unit
length of translator travel, again exploiting Faraday’s law
to increase the rate of flux change through the coil.

Both partners agree that this project was a major suc-
cess and thoroughly enjoyed the experience. Throughout
the design process, we gained technical experience with
real-world engineering tools, Solidworks and ANSYS,
to develop a relatively creative solution.

B. Simplifications and Limitations

The wave model was extremely simplistic along with
the governing dynamic equations that neglected real-
world effects such as hydrodynamics. Additionally, mo-
tor simulations were conducted at 115 rpm which was
determined from the maximum vertical velocity of the
bouy, 0.3925 m/s.

Limitations of the mechanical design largely relate
to cyclic deformation spiral spring. Given that wave
harvesting device will most likely be deployed in the
ocean for extended periods of time, it should be resilient
throughout the entirety of its use. Extensive simulation
or loading protocols using load frames should be done
to determine optimal spring dimensions as to have the
spring operate in a linear range for as many cycles
as possible. When the spiral spring leaves the elastic
region, we expect slack to build up in the cable and thus
reduce the effectiveness of the generator system with an
overall lower rpm. Additionally, the design would need
to include sea-water gaskets as to prevent corrosion of
the assembly.

With respect to power output, the generator is cur-
rently limited by the relatively low angular velocity
achievable under direct wave-driven rotation, with a
maximum of approximately 115 rpm. At this speed, the
induced back-EMF is modest, constraining the deliv-
erable output power. An improved design would in-
corporate a gear assembly between the spool and the
generator rotor to step up the rotational velocity, which
would increase the rate of flux change through the
stator windings and allow for significant improvement
in output power.

AI USAGE STATEMENT

AI Tools (ChatGPT and Claude) were used for tex-
tual, grammatical, and LaTeX editing with all content
remaining original to the authors.
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TABLE I: Bill of Materials for the Wave-Powered Buoy

Item No. Part Number Description Mass (g) Qty. Total Mass (g) Material
1 spiral spring spring 17.83 1 17.83 17-7 PH stainless
2 spool holds cord 124.27 1 124.27 High Density PE
3 spool lid holds spring 38.12 1 38.12 High Density PE
4 bearing support holds bearing 24.66 2 49.32 High Density PE
5 stator support holds stator 39.14 1 39.14 High Density PE
6 rotor steel rotor body 162.83 1 162.83 1023 carbon steel
7 rotor magnet magnet 2.52 12 30.24 NdFeB-35
8 stator steel holds coils 141.91 1 141.91 1023 carbon steel
9 stator coils windings 4.54 12 54.48 copper

10 bottom encasement holds assembly 167.85 1 167.85 High Density PE
11 top buoy orange floater 64.68 1 64.68 High Density PE
12 flag NC Flag 9.01 1 9.01 High Density PE
13 M4x0.7x5 pan-head screw 0.78 12 9.36 alumina
14 M4x0.7x8 pan-head screw 0.92 20 18.40 alumina
15 M4x0.7x10 pan-head screw 1.02 4 4.08 alumina
16 AFBME 20.1 -10-10 Full

DE NC Full 68
bearings 2.59 2 5.18 n/a

17 gasket cord/seawater 2.51 1 2.51 rubber
18 electronics/charging module various electronics 50.00 1 50.00 various
19 mooring cord 1 mm dia. cord n/a n/a n/a 316 Stainless Steel
20 anchor anchor n/a n/a n/a 316 Stainless Steel

Total Mass 986.70

V. APPENDIX


