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Abstract

Renewable energy sources collectively contribute around 29% to 30% of global electricity generation.
Solar and wind power’s intermittency and weather dependency pose challenges for unreliable energy
generation, requiring storage solutions like batteries and environmental considerations. By considering
the above-mentioned factors, ocean wave energy stands out as a promising and consistent renewable
source. Ocean wave energy is highly predictable and consistent, offering a dependable power supply
with minimal greenhouse gas emissions and other environmental issues. We are putting forth a brand-
new, innovative technique for producing energy from ocean waves by utilizing a ratchet and pawl
mechanism. The cumulative torque of the ratchet and pawl mechanism is fed as input to the variable
speed AC induction generator. This innovation reduces corrosion susceptibility and simplifies
maintenance procedures by strategically placing operational components mostly on the ocean’s surface
and along the shoreline.
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INTRODUCTION

Because the ocean contains a wealth of resources and is essential to the management of the global
climate and the carbon cycle, long-term scientific research, observation, and monitoring of the marine
environment are valuable from both a strategic and scientific standpoint. A vast network of observers
and detectors that carry a variety of sensors and send data wirelessly or wiredly to create a marine
environment monitoring system are present in the ocean [5]. These days, most of these devices run on
batteries, which have the potential to seriously harm the economy and environment if they leak or run
out of power. However, offshore activities are challenging due to the harsh environment and vast
expanse of ocean. Thus, there are important considerations when it comes to routine battery replacement
and upkeep. Thus, there is a pressing need to create ocean energy harvesting technology. One of the
most plentiful carbon-free energy sources in the ocean that can be used on a global scale is wave energy.
Furthermore, wave energy can be consistently and reliably turned into electric energy, making it a
perfect energy source for networks that monitor the maritime environment. It is also not affected by
temperature, climate, or day-to-day variations.
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The Triboelectric Nanogenerator (TENG) was introduced in 2012 by the group of Prof. Wang. Its
features include a low cost, lightweight design, a wide range of materials, high output voltage, and a
simple construction [5]. TENG offers a ground-breaking technique for harvesting wave energy and is
based on the basic physical mechanism of Maxwell's displacement current. It has remarkable benefits
in harvesting high entropy, low frequency, and irregular mechanical energy. A number of investigations
on wave energy harvesting with TENG have been conducted recently. These include studies on
spherical structures, pendulum mechanisms, cylindrical swing, origami or laminated structures, solid-
liquid interface, flow-induced vibrations [5], and various other scenarios. More energy than the world's
present requirements is found in the oceans, which make up 71% of the planet's surface [6]. Ocean
energy can be found in a variety of ways, such as wave energy, diurnal temperature changes, and tidal
energy. Of these, wave energy is abundant on the ocean's surface and has a great deal of potential for
use [6]. However, a growing number of sensors are being placed in the ocean to monitor changes in the
marine environment and gain a better understanding of the ocean due to the growing need for ocean
informatics. The majority of microelectronic gadgets are still battery-operated today. On the other hand,
conventional batteries have a number of drawbacks, including a short lifespan, environmental impact,
and the requirement for regular replacement [6]. Certain naval electronics are designed to operate in
very harsh conditions, and in certain situations, the expense of replacing the battery makes it unfeasible
[6]. As a result, a lot of academics look for ways to charge these gadgets using energy from the
surroundings. Wave-related energy technologies have been applied in real offshore operations
throughout the last 20 years [6]. Because they can deliver up to three times the energy density and are
less prone to electromagnetic interference than their electrostatic and electromagnetic competitors,
piezoelectric harvesters have garnered attention. The piezoelectric cantilever structure is the most often
used design in piezoelectric harvesters. Its benefits include a straightforward construction and a high
output. Typically, it is composed of an intermediate elastic layer and a piezoelectric ceramic layer.
Energy harvesters must be run at their first resonant frequency in order to provide the maximum output.
But because waves occur naturally at low and random frequencies, the external excitation frequency
will clash with the harvester's resonant frequency, which would ultimately result in a sharp decline in
the energy harvester's output. One of the crucial elements of the piezoelectric energy harvester that
establishes the harvester's resonant frequency range is the operating frequency bandwidth. The
resonance frequency of piezoelectric energy harvesters is often high and difficult to coincide with the
lower stimulation frequency due to the characteristics of the piezoelectric material and cantilever size.
As a result, many researchers are now focused on finding solutions to the issues of excitation frequency
and resonance frequency consistency [6].

Many try to lower the harvester's resonant frequency using a frequency modulation mechanism in an
attempt to address the issue of the mismatch between external excitation and resonant frequency. Shi et
al. proposed a multidirectional ultra-low frequency wave vibration energy harvester operated by a
rotating ball that can absorb low frequency wave energy in many directions. At a frequency of 0.9 Hz,
the output power is 6.32 mW [6]. In today’s rapidly changing world, sustainable energy sources are
essentials [1]. Our project explores the potential of harnessing the energy of ocean waves. Wave energy
is a vast and untapped resource that offers the promise of clean renewable power. By capturing this
energy the motion of the waves is converted to mechanical energy and used to drive an electricity
generator. Unlike solar or wind power, ocean wave energy is highly predictable and Consistent, offering
a dependable power supply with minimal greenhouse gas emissions and other environmental issues. A
few works that are associated with ocean wave energy conversion are oscillating water columns, point
absorbers, attenuators, and overtopping WEC [2]. However, their widespread adoption is hindered by
their air leakage and other fatigue issues. Understanding the aforementioned problems, we are putting
forth a brand-new, innovative technique for producing energy from ocean waves by utilizing a ratchet
and pawl mechanism [3]. We suggest connecting various ratchet and pawl gear models in series. The
ratchet and pawl mechanism is distinct due to its unidirectional motion, simplicity, intermittent
operation, and versatility. This innovation reduces corrosion susceptibility and simplifies maintenance
procedures by strategically placing operational components mostly on the ocean’s surface and along
the shoreline [4, 7-10].
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METHODOLOGY

Our wave energy converter (WEC) is engineered to produce electrical power by utilizing the vertical
motion of ocean waves. It consists of essential components such as a buoy, arm, shaft, turbine, gearbox,
and generator. One end of the arm is linked to the buoy, which floats on the water’s surface, while the
other end connects to the pawl of the turbine. When a wave approaches, it causes the buoy to move up
and down in tandem with the wave motion. The buoy captures energy from the waves, propelling the
turbine into rotation. To convert the irregular wave motion into a consistent rotational movement, a
mechanical linkage employing a ratchet and pawl mechanism is utilized. A ratchet resembles a circular
saw blade or horizontal milling cutter, enabling movement in a single direction while blocking motion
in the opposite direction. Pawl is a metal component that rests on the ratchet, permitting rotation solely
in one direction. As the ratchet turns, the pawl engages with its steps, preventing backward movement.
Conversely, when the teeth move backward, the pawl catches against the steep edge of the first tooth it
encounters, halting any further motion. A counterweight balances the strain on the arm when waves
impact the buoy. Linking multiple models consecutively facilitates the full rotation of the shaft and
enhances power generation. Positioned at the shaft’s end, a gearbox functions to amplify the revolutions
per minute (rpm). Subsequently, the gearbox’s output drives the generator as its input, resulting in the
production of electricity. The 2D working model of single module and 3D working model of single
module is shown in Figure 1 and 2 respectively.
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Figure 2. 3D Working model of single module.
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Figure 3. Angular rotation.

CALCULATIONS

L, = 100L; = \/PH? + (L, + AL + R)?\/1002 + 182.52L, = 150 L,
= /PH? + (L, + AL + R)?,/1002 + 232.52

Angle of Rotation

From Figure 3

6=Angle of rotation

R= Radius of the gear mechanism (ratchet and pawl)

L= Arm length

AL= Additional length added with arm length

PH= Perpendicular Height

H=Height of the ocean wave

TL= Total length (Linear distance between center of ratchet and center of buoy)
a = Bending angle of arm

DESIGN

Total length(TL) of each module with respect to different arm length(L)
Take;

PH= 100 cm

AL=46.6 cm(Already designed)

R=35.5 cm(Half of the diameter of gear mechanism)

Module-1
AL=46.6 cm, R=35.5 cm
Consider L; = 100cm

TL, = PH? + (L, + AL + R)?
=V/1002 + 182.52 = 208.1 cm

Similarly, for,
L2 =150cm, TL, =253 cm
L3 =200cm, TL; =299.67 cm
L4 =250Cm, TL, =347.2 cm

Considering Wave Heights
From the Table 1.

Min height =0.25 m

Max height =4.92 m

Mean height=1.18
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Angle of rotation
The triangle OAC is an isosceles triangle
e Consider the triangle OMC

or2=sin-1(11/2/,.)
9=25in_1( H/Z/TL)

Considering wave heights from 50 cm to 100 cm

Table 1. Angle of rotation for different wave height for corresponding total length.

H(cm) | 0,(degree) | 0,(degree) | 0;(degree) | 0,(degree)
50 13.8 11.3 9.5 8.2
60 16.5 13.6 114 9.9
70 19.3 15.9 134 11.5
80 22.7 18.2 153 13.2
90 24.9 20.4 17.2 14.9
100 27.8 22.7 19.2 16.5
L1(01L(0,
—0—TL1 TL2 TL3 TL4
30
25
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3
2
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Figure 4. Height Vs Angle of rotation.

Angle of Rotation driven from a Single Wave
The prototype consists of 4 modules of ocean wave convertor with same design and dimension except

by Arm length.

The Arm length is the only parameter that varies with each module.
L1=100 cm
L2=150 cm
L3=200 cm
L4=250 cm
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The wave input first hits the buoy of the 4th module (with longest arm length). Then the buoy of 3rd,
2nd and 1st.

The height of the wave decreases when it comes to the shore. So maximum height of wave will occur
on the first buoy (buoy 4) and the smallest wave will occur on the last buoy(buoyl).

Wave height in buoy 1<Wave height in buoy 2<wave height in buoy 3<wave height in buoy4

Let us consider the smallest height of the wave as 50 cm.
largest height of the wave as 90 cm.

Therefore.
wave height hit on buoy 1 =60 cm
wave height hit on buoy 2 =70 cm
wave height hit on buoy 3 =80 cm
wave height hit on buoy 4 =90 cm

Let us consider the second wave hits buoy 4 after the first wave passes the buoy 1, to obtain the
continuous rotation at the shaft and the cycle repeats. Height Vs Angle of rotation in graphical form is
shown in Figure 4. Wave height vs corresponding angle of rotation driven from each module from a
single wave input in graphical form is shown in Figure 5.

From Table 1
Mean time between H = 9.78 sec
Mean duration of H = 11.24 sec
Number of cycles in one minute = 60/9.78 = 6.13

Angle of rotation in one minute = No of cycles in one minute * Angle of Rotation made from a single
wave input.

=6.13%62.6
=383.7
RPM = Angle of Rotation in 1 min / 360 = 1.06
N =1.06 rpm
16.6
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Figure 5. Wave height vs corresponding angle of rotation driven from each
modules from a single wave input.
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CONCLUSION

Our Wave Energy Converter (WEC) represents a holistic approach to address significant
environmental and socio-economic challenges. It plays a pivotal role in reducing dependence on fossil
fuels, lowering greenhouse gas emissions, and confronting climate change. Beyond its environmental
benefits, our WEC contributes significantly to coastal preservation by mitigating erosion and
safeguarding infrastructure. The adoption of the WEC project not only creates job opportunities in
manufacturing, installation, and maintenance but also stimulates local economies, particularly in coastal
regions. In remote coastal areas or islands, WEC provides a dependable source of electricity, supporting
off-grid communities, research stations, or remote resorts where traditional grid access is limited or
costly. In addition to economic advantages, WEC offers an option for meeting rising energy demands,
reducing dependence on imported energy, and bolstering national security.
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