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Tool study of waves energy converter with heaving constant of 3675 N/m
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Abstract: As technology develops, the need for renewable energy is increasing. Ocean wave energy is one type
of renewable energy and has high potential due to its abundant availability and unlimited potential range. A
wave energy converter is a system that can capture wave energy and convert it into electrical energy. A simple
form of periodic motion is an object vibrating at the end of a spring. Therefore it is called simple harmonic
motion. The purpose of this study is to verify the performance of the wave energy converter (WEC) pontoon lift
vibration based on the principle of forced undamped vibration using the spring constant value to produce optimal
electrical energy. This research was conducted by experimental tests on land and on the coast of Tanjung Pasir,
Tangerang. The heaving method was used to realize the use of springs in the wave energy converter (WEC).
Heaving is the vertical up-and-down motion of a floating structure on undulating water. The lifting motion of a
floating structure is the vibration that causes a backward force when the structure is moved from its balanced
position. The results of data analysis of the identification of the smallest ocean potential energy without planets
using planetary energy reached 0.095 watts, the maximum was 0.986 watts, the smallest reached 121 watts, and
the largest reached 955 watts. The resulting speed value is 71.57 rpm and the maximum result is 85.12 rpm.
Based on these data, we can produce larger data, which is 955 watts.
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1. INTRODUCTION

As technology develops, the need for renewable energy is increasing [1]. Ocean wave energy is
one type of renewable energy that has high potential due to its abundant availability and unlimited
potential area [2]. A wave energy converter is a system that can capture wave energy and convert it
into electrical energy [3]. The energy generated is highly dependent on the movement of the pontoon
itself. The pontoon can perform two motions: rotational motion and translational motion. These
movements are caused by collisions on the wavefront [4]. To calculate the movement of the pontoon,
you need to make measurements.

The advantages of this research can be taken into consideration in the development of ocean wave
power plants. The Indian Ocean is right next to this ocean. How can the energy be used to create an
OWC (Oscillating Water Column) system power plant [5]. The method used is heaving by using a
constant spring accompanied by H-Beam pontoons, from the previous method of using I-Beam
pontoons [6]. Periodic motion is the motion of an object that returns to a certain position periodically
in a certain time interval [7]. When particles move periodically in the same orbit, this motion is called
oscillation. A simple form of periodic motion is an object vibrating at the end of a spring. Hence, we
call it simple harmonic motion [8].

With 95,181 kilometers of coastline, Indonesia is a maritime country that has the potential to
generate renewable energy from the sea [9]. The forces responsible for creating ocean waves include
wind, objects moving on the ocean surface, seismic activity, and the pull of the moon and sun's
gravitational fields [10]. Ocean wave power plants can generate enough voltage to power electrical
devices by utilizing wave energy in the ocean [11]. Wave Power Plant is a type of power plant that
utilizes the energy of ocean waves along the coastline or in a watery environment [ 12].

A spring consists of an elastic material that is easily stretched and always tends to return to its
original state so that it provides an elastic reaction force to the stretched tension force. Tension (stress)
expresses the magnitude of the forces that cause tension, compression, or twisting and is usually
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expressed as force per unit area. Torsion is usually expressed as force per unit surface. Whereas strain
(distortion) represents the distortion that results from [13].

Each spring has a different constant value depending on the force applied and the length increase
that occurs in the spring. So we need to know the value of the spring constant that describes the
stiffness of the spring. Meanwhile, springs on the market generally do not have a fixed value, making
it difficult to choose which spring to use [ 14].

The purpose of this study is to verify the performance of the wave energy converter (WEC)
pontoon lift vibration based on the principle of forced undamped vibration using the spring constant
value to produce optimal electrical energy.

2. METHOD

In the early stages before research, a literature study is carried out, namely studying and observing
references from journals, books, the internet, or previous studies from national or international
sources. At this stage, it is useful to understand the theories or calculations related to the research
being made. In the process of preparing materials to conduct field trials of the wave energy converter
machine, for experimental data collection.

Installation of Mechanical Components to the Structure: At the stage of installing mechanical
components to the structure, several components are installed in the structure including gearboxes,
generators, pontoons, and multimeters.

Wave Energy Converter Machine (WECM) field test; Then in the second session in the field test
is a land test on one of the Wave Energy Converter buildings and testing the first session of Constant
Spring Measurement [ 15]. The second session of testing on land and the third session of testing at sea.
KEG engine testing is to verify the engine against pitching motion performance and to obtain the
amount of voltage and current in the period of wave height on the coast of Muara Baru.

KEG Engine Field Test Data Collection and Data Processing: Data collection is carried out to
collect all data to be studied, and data processing is carried out to obtain the results and conclusions of
the research carried out, data processing is to be calculated from the data that has been taken during
the field test of the wave energy converter machine. What is meant by the word “no” is trouble during
testing and what is meant by the word “yes” in the flow chart is that there is no trouble during testing
and what is meant by the word “no” is trouble during testing the KEG tool.

Results and Conclusion: After the field trial process of the wave energy converter machine, the
results of taking field trial data and processing the wave energy converter machine field trial data,
conclusions, and suggestions will then be made in the form of a research report.

Heaving is the vertical up-and-down motion of a floating structure when it is above undulating
waters. The heaving motion of a floating structure is an oscillation that has a reverse force when the
structure is disturbed from its equilibrium position Shown in Figure 1.
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Figure 1. Heaving motion.

W=mxg (D

Where:
W = Weight [ Newton]
M = Mass [kg]
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G = Earth's Gravity [m/s?]
Ax = Difference between initial and final spring distance

3. RESULTS AND DISCUSSION
Experiment results of WEC machine performance

Field experiments were conducted before data collection. The purpose of this test was to check the
functioning of the KEG machine. The KEG machine is expected to achieve maximum wave energy
results. KEG engine testing was carried out on land and the coast of Tanjung Pasir, Tangerang. This
KEG engine test was conducted at a sea depth of 1.5 m and a wave height of 0.10 m to 0.40 m using a
prototype KEG engine.

SEA experiment analysis

After obtaining the data from the Wave Energy Converter (WEC) device. The experimental results
of the Wave Energy Converter (WEC) with a spring constant of 3750 N/m and a load of 150 kg due to
heaving motion are presented. The voltage generated in the first hour is 55.53 V, at the second test
time in the hour is 47.36 V, at the third test time, in the hour, is 37 V, at the fourth test time in the hour
is 82.36 V, at the fifth test time in the hours is 91.36 V, at the 6th test time in the hours, is 102.5 V
Shows in Figure 2.
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Figure 2. Planetary voltage graph results.

The amperage generated in the first hour is 5.01 A, at the second test time is 4.47 A, at the third test time is
3.28 A, at the fourth test time is 7.13 A, at the fifth test time is 8.23 A, at the sixth test time is 9.32 A Shows in
Figure 3.
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Figure 3. Planetary ampere graph results.
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The power generated in the first hour is 278 Watt, in the second test time, is 211 Watt, in the third test time

is 121 Watt, in the fourth test time, is 587 Watt, at the fifth test times is 751 Watt, in the sixth test time is 955
Watt Shows in Figure 4.
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Figure 4. Planetary power result chart.

The experimental results of the Wave Energy Converter (WEC) with a spring constant of 3750
N/m 150 kg load due to heaving motion showed the lowest voltage of 37 V, with a current of 3.28 A
and a power of 121 Watt at a wave height of 0.16 m and conversely, the highest value was achieved at
a voltage of 102.5 V, with a current of 9.32 A and a power of 955 Watt at a height of 37 cm.
Therefore, from the graphical data that researchers have obtained by using a planetary spring of 3750
N/m in heaving, the potential energy generated depends on the height of the seawater waves, the
higher the seawater waves, the higher the potential energy generated. The lowest power output, is 0.0095
Watts at a wave height of 16 cm, while the highest power output recorded is 0.986 Watts at a wave height of 27
cm Figure 5 non-planetary illustrates.
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Figure 5. Power graph for non-planetary system.

The lowest voltage value produced is 0.38 Volt at a wave height of 16 cm, while the highest voltage value
reached is 1.59 Volt at a wave height of 37 cm Shown in Figure 6 non-planetary.
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Figure 6. Voltage graph for non-planetary system.
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Displays the results of current strength (in Amperes) due to non-planetary heaving motion. The
lowest current strength recorded is 0.025 Ampere at a wave height of 16 cm, while the highest current
strength achieved is 0.563 Ampere at a wave height of 26 cm Shown in Figure 7 non-planetary.
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Figure 7. Current strength graph for non-planetary system.

The experimental results of the Wave Energy Converter (WEC) with a spring constant of 3750
N/m 150 kg load due to non-planetary heaving motion showed the lowest voltage value of 0.38 V,
with a current of 0.025 A and a power of 0.0095 Watt at a height of 0.16 m and conversely the highest
value was achieved 1.59 V at a height of 37 cm, 0.0642A at a height of 16 cm, at a height of 27 cm
resulting in a power of 0.986 Watt. Therefore, the graphical data that researchers have obtained by
using non-planetary springs of 3750 N / m in heaving potential energy generated depends on the
height of the seawater waves, the higher the seawater waves, the higher the potential energy generated.
But when compared to the test using planetary which produces 955 watts of power, the use of
planetary is very influential, because the test without planetary only produces 0.986 watts of power.
The comparison of the results is very significant and the use of planetary is needed in this tool.

In the results of the above non-planetary graph, significant changes are influenced by changes in
wavelength, because in the case of waves if the water wave height drops or the wave is flat, the total
energy carried by the wave increases, made possible by an increase in wind speed which results in
longer and more energetic waves although not so high. that are longer and more energetic even though
they are not so high.

4. CONCLUSION

The results of the data analysis of the identification of ocean potential energy without the smallest
planetary of 0.095 Watt and the highest of 0.986 Watt, which using planetary produces the smallest
power of 121 watts and the largest reaches 955 Watt. Based on this data, it can produce larger data,
namely 955 watts. Thus, based on these data, it can be concluded that the maximum power production
that can be achieved is 955 Watts. These results show that the potential of ocean energy can be
maximized by selecting the right planetaries, to generate significant power for future sustainable
energy applications.

REFERENCE

[1] Erdiwansyah, Mahidin, H. Husin, Nasaruddin, M. Zaki, and Muhibbuddin, “A critical review
of the integration of renewable energy sources with various technologies,” Prot. Control Mod.
Power Syst., vol. 6, no. 1, 2021, doi: 10.1186/s41601-021-00181-3.

[2]  O. Ellabban, H. Abu-Rub, and F. Blaabjerg, “Renewable energy resources: Current status,
future prospects and their enabling technology,” Renew. Sustain. Energy Rev., vol. 39, pp. 748—
764, 2014, doi: 10.1016/j.rser.2014.07.113.

[3] M. Fahmi, “Wave Energy Converter System Analysis Performance With Pitch Motion in
Various Dimensions and Draft for Applied in Indonesia Sea,” Indones. J. Multidiscip. Sci., vol.
1, no. 11, pp. 1388-1399, 2022, doi: 10.55324/ijjoms.v1i11.221.

[4] L. Martinelli and B. Zanuttigh, “Effects of mooring compliancy on the mooring forces, power
production, and dynamics of a floating wave activated body energy converter,” Energies, vol.



(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Imam Fauzie, Wiwit Suprihatingsih, Abdul Hamid

36
‘ Tool study of waves energy converter with heaving constant of 3675 N/m

11, no. 12, pp. 1-24, 2018, doi: 10.3390/en11123535.

T. V. Heath, “A review of oscillating water columns,” Philos. Trans. R. Soc. A Math. Phys.

Eng. Sci., vol. 370, no. 1959, pp. 235-245, 2012, doi: 10.1098/rsta.2011.0164.

R. Widiyanto, S. E. Hadi, and Kiryanto, “Analisa Olah Gerak Ponton Bentuk Segi Enam

Dengan Penambahan Heaving Plate Segi Enam Pada Gelombang Reguler Menggunakan

Metode Computational Fluid Dynamics (CFD),” J. Tek. Perkapalan, vol. 9, no. 3, pp. 244-260,

2021.

Z. Li, B. Ding, J. Han, R. Kays, and P. Nye, “Mining periodic behaviors for moving objects,”

Proc. ACM SIGKDD Int. Conf. Knowl. Discov. Data Min., pp. 1099-1108, 2010, doi:

10.1145/1835804.1835942.

B. Y. Suprapto, “Desain Pengembangan Sistem Pembangkit Listrik Tenaga Gelombang Laut

Berbasis Keseimbangan Gyroscope,” J. SURYA ENERGY, vol. 5, no. 2, Jan. 2022, doi:

10.32502/jse.v5i2.3328.

I. Alifdini et al., “Technology Application of Oscillating Water Column on The Sungai Suci

Beach as Solutions for Make A Renewable Energy in Coastal Bengkulu, Indonesia Fabrication

and characterization of CNT/MnO2 Supercapacitors View project supercapacitors from waste

View project Technology Application of Oscillating Water Column on The Sungai Suci Beach

as Solutions for Make A Renewable Energy in Coastal Bengkulu, Indonesia,” no. October,

2017, doi: 10.3850/978-981-11-0782-5.

S. V. Haiyqal, A. Ismanto, E. Indrayanti, and R. Andrianto, “Karakteristik Tinggi Gelombang

Laut pada saat Periode Normal, El Nifio dan La Nifa di Selat Makassar,” J. Kelaut. Trop., vol.

26, no. 1, pp. 190-202, 2023, doi: 10.14710/jkt.v26i1.17003.

O. Farrok, K. Ahmed, A. D. Tahlil, M. M. Farah, M. R. Kiran, and M. R. Islam, “Electrical

power generation from the oceanic wave for sustainable advancement in renewable energy

technologies,” Sustain., vol. 12, no. 6, 2020, doi: 10.3390/su12062178.

M. F. Faali, D. Suharto, A. D. Prasetya, and A. Hamid, “Analysis of the effect of a spring

constant of 980 N / m on a wave energy converter device due to heaving,” vol. 5, no. 2, pp.

208-215, 2024, doi: 10.37373/jttm.v5i2.1104.

I. E. Luky, H. ati Dina, and L. A. Djoko, “Analisis Pengaruh Suhu Terhadap Konstanta Pegas

DenganVariasi Jumlah Lilitan Dan Diameter Pegas Baja,” J. Pendidik. Fis., vol. 3, no. 4, pp.

349-354, 2015.

Z. Pratama, “Desain Komponen Utama Alat Uji Konstanta Pegas Untuk Kapasitas 50 N/Mm,”

J. Tek. Mesin, vol. 10, no. 1, p. 15,2021, doi: 10.22441/jtm.v10i1.11108.

S. Foteinis and T. Tsoutsos, “Strategies to improve sustainability and offset the initial high

capital expenditure of wave energy converters (WECs),” Renew. Sustain. Energy Rev., vol. 70,

no. November, pp. 775-785, 2017, doi: 10.1016/j.rser.2016.11.258.




