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[. INTRODUCTION

The increasing global demand for renewable energy sources has intensified the focus on harnessing
ocean wave energy. However, the complex and dynamic nature of ocean waves poses significant
challenges in designing and manufacturing wave energy converters (WECs). This paper introduces a
novel ocean wave generator test rig designed to address these challenges by providing a controlled and
repeatable environment for WEC testing and performance evaluation based on unpredictable ocean
currents. A key feature of this test rig is the incorporation of the Scotch yoke mechanism, which is
widely recognized for its straightforward design and dependability—attributes that render it a favored
option in industrial environments.

The Scotch yoke's robust and direct configuration allows for the accurate conversion of rotational input
into linear motion, ensuring consistent and controlled movement within intricate systems. Its efficiency
and resilience enable it to endure demanding operational conditions, making it suitable for a diverse
range of applications. In the context of wave generation, the Scotch yoke's reliable and smooth motion
is fundamental for the precise replication of wave patterns. This mechanism's ability to maintain
consistent motion control is crucial for simulating various wave heights and frequencies, which is vital
for mimicking the dynamic behavior of natural water bodies.Moreover, the test rig features an artificial
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slope designed with great attention to detail. Its gently inclined structure reflects the gradual rise of a
natural shoreline, effectively dissipating the kinetic energy of the waves. This thoughtfully designed
feature prevents the undesirable occurrence of standing waves by redirecting the momentum of the
waves, thus creating an environment where wave interactions closely resemble those found in nature.
The design of the Scotch yoke also offers benefits such as minimized friction, low maintenance needs,
and a relatively simple construction, making it a cost-effective and reliable option for industrial uses.
Its versatility and durability in various operational settings establish it as an essential component in
systems where precise and controlled linear motion is crucial.

Collectively, the Scotch yoke mechanism and the supplementary artificial slope not only represent
advanced engineering solutions but also embody a harmonious integration of functionality. These
innovations significantly enhance the realism and reliability of simulations within the ocean wave
generator test rig, contributing to the development and optimization of wave energy converters.

Regular wave simulation rigs usually use some sort of wedge-shaped design to produce the sinusoidal
waves and the optimal angle as well as depth required to produce accurate sinusoidal waves is just
being researched recently [1,2]. While these waves may not be accurate to real-world conditions such
as during storms, they help us get data and measure the waves themselves in such a way that it makes
adapting the designs and outputs to the real world through calculations possible {3]. The waves in and
of themselves can be produced sinusoidal but due to realistic considerations such as possible tank
length as well as the principle for conservation of energy it leads to the problem of standing waves
being produced as those that reach the end reflect backward [10]. Another factor that has to be
considered during the construction of this simulation setup is what types of setups will be tested using
it and its future applications.A major interest in energy production recently is trying to harness the
potential untapped energy that makes up 75% of the earth’s surface. Due to this, there has been a
resurgence in innovative ways of extracting this often-overlooked form of energy. Many research
papers as well as actual products have surfaced recently that try to rethink the conventional hydro
powerplant system into something that can be used on still water, yet which has waves present
[8,11,13,15]. While some have designed systems to be used in oceans [4,6,12,14] others have focused
on a more shore-based approach [5,9,10].

Taking the above experiments into account and expecting similar tests to be performed on the
simulation rid in the future, it was deduced that a rig that could simulate conditions found offshore and
near the beaches would help in testing a wider variety of setups.

2. Experimental Setup

Experimentation is performed to generate The various wave height d by the prototype. The test is
conducted in a container (size: 1200 mm x 500 m x 500 mm) along with the wave generator. The
arrangement for wave generation comprises a DC motor (400 W, 20-600 rpm), driving a scotch yoke
mechanism. The electric motor drives the eccentric pin of the scotch yoke mechanism, which further
ensures harmonic displacement of the follower with an amplitude of 60 mm. The follower is connected
to the baffle plate, which finally generates the required waves in the tank. The wave height is influenced
by the frequency of the motor and experimentation was carried out with the wave height of 50, 60, and
70 mm.
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.The tank needed to be waterproof and robust enough to withstand the water pressure exerted on its
walls. Additionally, the tank needed to have a length-to-width ratio greater than 1. For this setup, a
ratio of 3.5:1 was chosen, considering factors such as space availability and industry standards for
similar applications. Transparency was another critical requirement for the tank, allowing for the visual
analysis of wave patterns and comparisons with computer simulations. The final tank dimensions were
1834mm x 485mm x 610mm, constructed from 18mm thick glass. This configuration provided a
length-to-width ratio of approximately 3.78:1.
To minimize wave rebound and reduce the likelihood of standing waves, an artificial beach slope was
incorporated. This feature is essential for simulating a realistic beach environment. The slope was
designed to be waterproof and durable enough to withstand repeated wave impacts. According to a
research paper titled "Optimum Coastal Slopes Exposed to Waves: Experimental and Numerical
Study," the ideal slope ratio for minimizing wave rebound is 1:5, or approximately 12 to 14 degrees.
For this setup, a length of 1826mm and a height of 344mm were selected, resulting in a slope angle of
13.5 degrees. The slope was constructed from galvanized steel.
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Fig 1The wedge dimensions

The wedge, made from 0.5mm thick galvanized steel, required significant force to move due to its
sturdiness. This component was essential for generating uniform waves, necessitating the use of a high-
power motor. To oscillate the wedge, a 180V DC motor was employed, accompanied by a DC-
regulated power supply to control the current rate and maintain motor speed. The motor's maximum
capacity is 5 amps. The selection of this motor was based on its availability and capacity to meet the
requirements of the setup. The Scotch yoke mechanism was chosen for its straightforward design and
dependability. It allows for the accurate conversion of rotational input into linear motion, ensuring
consistent and controlled movement within intricate systems. This mechanism's efficiency and
resilience enable it to endure demanding operational conditions, making it suitable for a diverse range
of applications, particularly in wave generation.
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Fig. 3. Experimental arrangement for energy harvesting in a tank.

4. RESULTS

T,

The wave characteristics significantly influence the average power generated by the Wave Energy
Converter (WEC). In cases of higher wave height, the time required for the completion of the energy
storage mode (winding the spiral spring in the Energy Storage Element (ESE) through 90°) is reduced.
The average power generated by the WEC is defined as the electric energy generated by the electric
generator in one cycle divided by the time required to complete one cycle.

Experimental and simulation results for the average wave height, shown in Figure 5 reveal that the
average power increases with the wave height. The wave vertical force for an 80 mm wave height is
illustrated in Figure 6. This force lifts the buoy, transferring the wave energy to the ESE.

As shown in Figure 2, the buoy gets lifted, and the wave energy is converted into ESE strain energy
when the wave vertical velocity reaches the threshold limit of 0.07 m/s. When the wave velocity
reaches this threshold limit, the force becomes sufficient to overcome the torque in the ESE due to the
initial deflection of the helical spring. The minimum value of the wave vertical force required for
energy to be stored in the ESE depends on the helical spring stiffness and initial deflection, calculated
as mKt/21 for the prototype.

It can be noted that the proposed WEC will utilize wave energy when the wave vertical velocity
exceeds the threshold value of 0.07 m/s. This feature makes the WEC design suitable for both periodic
and non-periodic random wave forces, efficiently harvesting wave energy when the wave vertical
velocity is higher than the threshold.
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Fig. 6. Wave vertical force for 80 mm wave

Fig. 5. Variation of average power with wave height.
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Fig.7. Voltage generated by conventional WEC for 50 mm wave height.
5. CONCLUSION
In our previous design, we constructed a wave generator within a 0.3 m? tank. This generator utilizes
a DC motor and a tapered wedge to produce waves. The DC motor drives the tapered wedge

vertically through a scratch yoke mechanism, generating simple harmonic waves within the tank. To
prevent wave reflections, the tank incorporates a tapered bottom with a 13-degree angle.
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Our experiments demonstrate that this mechanism effectively generates waves without reflections,
maintaining a simple harmonic motion pattern. We employed a prototype energy harvester to test the
system's power output, achieving a peak power of 150 mW with wave heights ranging from 50 to
125 mm.

By varying the frequency of the tapered wedge's vertical movement, we discovered the ability to
generate waves within a wider range, from 40 to 140 mm. The energy harvester successfully
converted these waves into electricity, demonstrating its potential for power generation.
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