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Name  : Azzahra Nirwana Islami 

Reg. Number : 04211541000049 

Department : Marine Engineering 

Supervisor : Irfan Syarif Arief, S.T., M.T. 

Achmad Baidowi, S.T., M.T. 

 

ABSTRACT 

The wave energy conversion system is one of the technology innovative used in the 

researches of alternative power plant at sea. It receives environmental loads such as 

wave, wind, and current during its operation. In order to be able to rotate the pendulum 

and produce electricity, it is designed with a hexagonal shaped ponton with three floaters 

on its sides to increase the rotational motion of the ponton. These floaters are connected 

to the ponton by an arm, identically distance from one another. Mooring system used in 

this research is designed to allow it to still move and rotate the pendulum while keeping 

the platform from capsizing. This research is discussing about the difference of motion 

response between three variations of wave energy conversion system designs,  Variation 

1 that is designed with floaters, Variation 2 with shortened floater arms, and Variation 3 

which have no floaters, by comparing their RAOs (Response Amplitude Operator), to 

figure out which design is the most responsive when collinear load from heading 0o, 30o, 

60o, 90o, and 120o is acting on it. This research reveals that model Variation 1 is the most 

optimal because it has relatively higher values of RAOs, and the motion response of the 

ponton is still apparent after mooring system is installed. The highest RAO in free 

floating condition for 6 degree of freedom surge, sway, heave, pitch, roll, and yaw are 

1,949 m/m frequency 0,1 Rad/s heading 0o, 1,6 m/m frequency 1,7 Rad/s heading 60o, 

0,998 m/m frequency 0,1 Rad/s heading 0o, 22,13 Deg/m frequency 1,8 Rad/s heading 

60o, 21,7 Deg/m frequency 2 Rad/s heading 0o, and 77,212 deg/m frequency 1,8 deg/m 

heading 0oconsecutively. The furthest excursion is at 5,1 meters along x-axis 0o load, 

while the shortest excursion is 1,5 meters along y-axis 120o load. The highest Roll motion 

reached 62,5o along the x-axis 90o load while pitch motion reached 15,5o along y-axis 

120o load. 

 

Keywords⎯ Hexagonal Ponton, Motion, RAO, Wave Energy Comversion System. 
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PENGEMBANGAN DESAIN PEMBANGKIT LISTRIK GELOMBANG LAUT 

DENGAN PONTON BERBENTUK HEXAGON 

Nama  : Azzahra Nirwana Islami 

NRP  : 04211541000049 

Departemen : Teknik Sistem Perkapalan 

Pembimbing 1 : Irfan Syarif Arief, S.T., M. T. 

Pembimbing 2 : Achmad Baidowi, S.T., M.T. 

 

ABSTRAK 

Pembangkit Listrik Gelombang Laut adalah salah satu teknologi inovatif yang digunakan 

dalam penelitian pembangkit listrik alternatif di laut. Ia menerima beban lingkungan 

seperti gelombang, angin, dan arus ketika beroperasi. Agar dapat memutar pendulum dan 

menghasilkan listrik, ia dirancang dengan ponton berbentuk heksagonal yang memiliki 

tiga floaters di sisinya untuk meningkatkan gerakan rotasi ponton. Floater tersebut 

terhubung ke ponton pada sebuah lengan, yang berjarak simetris antara satu dengan yang 

lainnya. Sistem tambat yang digunakan dalam penelitian ini dirancang untuk 

memungkinkan ponton tetap bergerak dan memutar pendulum sambil menjaga agar ia 

tidak tenggelam terbawa arus atau terhempas gelombang. Penelitian ini membahas 

tentang perbedaan respons gerak antara tiga variasi desain pembangkit listrik gelombang 

laut, Variasi 1 yang dirancang dengan floaters, Variasi 2 dengan panjang lengan floater 

yang dikurangi, dan Variasi 3 yang tidak memiliki floaters, dengan membandingkan 

RAO (Respon Amplitude Operator) mereka, untuk mengetahui desain mana yang paling 

responsif ketika beban collinear dari arah 0o, 30o, 60o, 90o, dan 120o mengenainya. 

Penelitian ini mengungkapkan bahwa model Variasi 1 adalah yang paling optimal karena 

ia memiliki nilai RAO yang relatif lebih tinggi, dan respons gerak ponton pun masih 

terlihat setelah sistem tambat dipasang. RAO tertinggi dalam kondisi mengambang bebas 

untuk 6 Degree of Freedom, Surge, Sway, Heave, Pitch, Roll, dan Yaw masing-masing 

adalah 1.949 m/m frekuensi 0,1 Rad/s arah beban 0o, 1,6 m/m frekuensi 1,7 Rad/s arah 

beban 60o, 0,998 m/m frekuensi 0,1 Rad / s arah beban 0o, 22,13 Deg/m frekuensi 1,8 

Rad/s arah beban 60o, 21,7 Deg/m frekuensi 2 Rad/s arah beban 0o, dan 77.212 deg/m 

frekuensi 1,8 deg/m arah beban 0o. Ekskursi ponton yang terbesar adalah sejauh 5,1 

meter sepanjang sumbu x dari arah beban 0o, sedangkan ekskursi terkecil adalah 1,5 

meter sepanjang sumbu y arah beban 120o. Gerakan Roll tertinggi mencapai 62,5o arah 

beban 90o, sementara gerakan pitch mencapai 15,5o arah beban 120o. 

Kata kunci- Pembangkit Listrik Tenaga Gelombang, Ponton Heksagon, Respon 

Gerak. 
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Chapter 1 

Introduction 

 

1.1 Background 

Fossil fuels such as crude oil, coal, and natural gases have been the main resource 

used for energy and power plant. Although the industry has already been established, 

there are still many negative effects due to the excessive extraction of these natural 

resources (Santos, 2013). Other than being an unrenewable resource, the production 

process using these resources are still very harmful to the environment and also human 

despite the advance technologies that are available. To prevent more fatal damages, 

researches for alternative renewable energy source have been going on for many years. 

Numbers of alternative renewable resources such as water, wind, solar energy and many 

more have been found. These alternative energies are now being used around the world 

depending on the available potential on each region. (Santos, 2013) 

There are three types of ocean energy potentials, the tidal power, the wave energy, 

and the ocean thermal energy. One of the already existing ocean energy power plant is 

the wave generated power plant with pendulum system invented and developed by 

Zamrisyaf, a researcher at the centre of research and development of Perusahaan Lisrik 

Negara (PLN) together with Institut Teknologi Sepuluh Nopember (ITS) Surabaya since 

2002 (Wardhana, 2013).  

This power plant operates by utilizes a ponton that acts as a floating structure. This 

ponton is carrying the pendulums that are integrated to a dynamo. The pendulums are 

assisted with a double freewheel transmission equipment to make the dynamo rotates, 

thus, electricity is produced. Due to the dependency of the energy produced to the 

movement of the pendulums, the design of ponton, angle of slope of the ponton hull, type 

of wave and environmental factors of where the ponton is installed are the most affective 

factors on the movement of the ponton (Wardhana, 2013).  

Mooring system installation is required to keep the power plant unit stays in its 

appropriate working station and also to prevent it from exceeding the maximum 

excursion of the ponton, thus, the flexibility in certain mode of motion required to 

improve the energy extraction is provided and the operability of the unit can be 

maintained or even increased. Therefore, analysis needs to be conducted in order to find 

the most suitable mooring system configuration that can be easily and safely installed 

whilst maintaining high operability of the wave generated power plant with pendulum 

system. The analysis is done using MOSES to find out the effect of installing mooring 

system to the movement of the wave generated power plant with pendulum system.  

 

 

 

 



2 
 

 
 

1.2 Problem Identification 

Based on the background above, the problem identification that will be used in the 

research is as listed below:  

1. What is the most effective design for the wave energy conversion system? 

2. How is the effect of mooring system on the motion of wave energy conversion 

system? 

 

1.3 Research Objectives 

Based on the problem identification above, the objection of this research is as listed 

below: 

1. To find the most effective design for the wave energy conversion system. 

2. To find the effect of mooring system on the motion of the wave energy conversion 

system. 

 

1.4 Research Limitation 

The limitation of this research is as listed below:  

1. The simulation is conducted using MOSES by only observing three degrees of 

freedom of the ponton, they are the heave, roll, and surge.  

2. The dimension and shape of the ponton for the simulation is fixed. 

3. The simulation is conducted for shallow water only. 

4. The analysis for the pendulum system is not included. 

 

1.5 Benefit of Research  

This research will be giving information about the effect of mooring system 

configuration on the movement of the wave generated power plant with pendulum 

system. This information is expected to become a useful and valid reference for further 

development of other alternative ocean energy converters, also to give solutions when 

identifying the requirements and designing its mooring system. 

 

 

 

 

 

 



 
 

3 
 

Chapter 2 

Study Literature 

 

2.1 Wave Energy  

Energy is the main support to human adaptation. As the population on earth keeps 

on increasing, the demand for energy is only getting higher. The dependency on fossil 

fuels has become harmful because of the continuous extraction and the unsustainability 

of the fossil fuel. Therefore, alternative energy from a renewable resource is in high 

demand. Wave energy is one of them. Wave energy is divided into three different 

categories, the ocean wave energy, ocean current energy, and ocean thermal energy 

(Wardhana, 2013).   

 

 
Figure 2.1. The comparison of alternative energy power output 

 (source: Global Energy Production by Source – Vaclav Smil (2017), BP Statistical Review of Global 

Energy) 

 

Based on the figure above, the power produced by a number of alternative resources 

is topped by modern biofuels, geothermal, waves and tidal. This statistic also shows that 

the ocean energy potential to produce electricity such as the wave generated power plant 

is very beneficial to many and should always be developed. According to London-based 

Carbon Trust, wave energy can realistically provide over 2,000 terawatts (TWh) of 

electricity per year or approximately 10% of global energy needs (Alam, 2014). 

However, according to the Electric Power Research Institute (EPRI) of Palo Alto, CA, a 

realistic estimate of ocean wave energy potential in the United States alone indicates 

approximately 6% of total energy needs with a wholesale market value eventually 
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reaching billions of dollar per year. This shows how big of a potential wave energy is. 

The wave energy is also depending on the location at which it is installed (Smil, 2017).  

 

2.2 Wave Generated Power Plant  

Technology of wave converters are needed to support the potential of ocean wave 

energy. The wave generated power plant utilizes the ocean wave to rotate a generator 

and produce electricity. Any devices that converses ocean wave into a source of 

electricity is called the Wave Energy Converter (WEC). Numbers of WECs have already 

been developed, currently there are the submerged pressure differential, the overtopping 

device, the oscillating water column, and many more to mention. Wave energy is 

substantial as a resource. However, the commercial utilization of wave energy is still 

very low. There are three major types of wave energy conversion devices based on how 

they interact with the ocean wave.  

The first one is the Oscillating Water Columns (OWC). OWCs are devices that 

involve a structure on the shoreline in which the waves enter and leave a static chamber. 

The motion of the water pushes air up when it enters and pulls air back as it leaves. This 

oscillation of air pressure rotates the integrated turbine to generate electricity (Igesias et 

all, 2013). 

 

 
Figure 2.2. diagram of an oscillating water column.  

 (source: Numerical Analysis of an Oscillating Water Column Converter Considering a Physical Constraint 

in the Chimney Outlet, 2014) 

 

 The second one is the Overtopping Devices (OTD) that consist of a structure that 

elevates the wave into a reservoir placed above the sea level. The energy is then extracted 

by using the difference in water level between the reservoir and the sea. The difference 

of the water level is measured using a low head Kaplan turbine. 

 

Oscillating 

air flow  

Air turbine  

Oscillating 

water column 
Waves  

https://www.researchgate.net/publication/298975137_Numerical_Analysis_of_an_Oscillating_Water_Column_Converter_Considering_a_Physical_Constraint_in_the_Chimney_Outlet?_sg=zzkv5HgKS5I8T9C3_ZShD3o5K00KCyDiPKiRe9RzLfaerROKwovQ-ZNZ2RRN4n0xS0NQI38LvNtsxUshSAoYkHtfzS6ihddhDg
https://www.researchgate.net/publication/298975137_Numerical_Analysis_of_an_Oscillating_Water_Column_Converter_Considering_a_Physical_Constraint_in_the_Chimney_Outlet?_sg=zzkv5HgKS5I8T9C3_ZShD3o5K00KCyDiPKiRe9RzLfaerROKwovQ-ZNZ2RRN4n0xS0NQI38LvNtsxUshSAoYkHtfzS6ihddhDg
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Figure 2.3. Diagram of Overtopping Devices (OTD) 

(source: wavedragon, 2013) 

 

The last one is the wave activated bodies (WAB) that directly utilizes the motion of 

the ocean surface. They generally involve floating structures that moves up and down 

due to the buoyancy force of waves. The energy is extracted from the relative motions 

of the structures relative to its fixed reference by using a hydraulic system to compress 

oil, that is ten used to drive the generator to produce electricity. 

 

 
Figure 2.4. Wave Activated Bodies (WAB). 

(source: A review on front end conversion in ocean wave energy converters, 2015) 

The most common energy extraction methods for nearshore devices are the OWs 

and OTDs compared to the WABs. OWCs or overtopping are mostly used by shoreline 

installed devices as their operating principle.  

2.3 Previous Research  

The previous research of wave energy conversion system called the Tripod Ponton 

used octagonal ponton. The prototype was installed at the shore of Tanjung Bumi, 
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Madura, East Java. Tripod Ponton was built with three pontons connected to a rigid 

triangular deck. The octagonal ponton was designed to allow higher amplitude of motion 

response. The diameter of this unit is 3 meters and the draft is 1,5 meters. Although the 

full scaled prototype was built for sea trial, an experiment was carried out at the 

Indonesian Hydrodynamics Laboratory in order to gain more reliable data and validation. 

The experiment used a model and hydrodynamics parameters with scale of 1:10 

calculated with Froud scaling. The prototype and model of the unit is as shown in Figure 

below (Mukhtasor, 2016). 

 

 
Figure 2.5 Prototype of Tripod Ponton in Tanjung Bumi 

 
Figure 2.6 Model of Tripod Ponton in wave tank of Indonesian Hydrodynamics Laboratory. 

The experiment was conducted in the wave tank. Three LED lights were attached to 

track the movement of the model as regular wave is generated during experiment. The 

motion response is then mapped and translated into x-y-z coordinates to be analysed and 

translated into roll, pitch, and yaw motion response. Based on the results of the test and 

experiment, it is found that the motion response was more effected by wave height than 

wave period, however, the understanding of the whole system remained limited 

(Mukhtasor, 2016).  
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2.4 Theory of Floating Structures and Motion Response  

The floating structures comes in various shape and utilities, for example, a ship that 

have been used as a transportation device. A ponton is an example of floating structures 

that do not have a prime mover just like a ship would, therefore, its motion will heavily 

be affected by environmental forces such as waves and winds. According to the law of 

Archimedes, a floating structure will have the same amount of buoyancy and amount of 

water displaced from the environment. The amount of force of gravity must be at least 

equal or less than the amount of the force of buoyancy, therefore, the structure will be 

able to maintain its stability to stay above the water.  

The stability is the ability of a floating structure to go back to its initial position after 

experiencing disturbance from internal or external factors, for example, the 

environmental load (Wave and wind). There are two types of stability, the horizontal 

stability and the longitudinal stability. The horizontal stability means that the structure is 

experiencing a trim while the longitudinal stability means that the structure is 

experiencing a rolling. There are three important aspect to be considered as part of the 

stability, they are the centre of gravity, centre of buoyancy, and the metacentric point. 

 

2.4.1 Floating Structure Stability  

Stability of a floating body to resist the overwhelming forces and return to its 

original position after the disturbing forces is gone (Madland, 2012). According to law 

of Archimedes, when a floating structure is floating in calm waters, the value of force of 

gravity and buoyancy will be equal. There are many points that affects the stability such 

as the centre of gravity (G), centre of buoyancy (B), metacentric point (Z) and many 

more.  

 
Figure 2.7. Floating structure stability. 

(Source: ship stability and buoyancy) 

 

As seen in the figure 2.7 above, G will always stay in its position while B shifted 

when there is a force acting upon the body of the floating structure. This proves that the 

platform will move to its initial position once the effect of external forces upon the 

floating structure body is gone.   

 

2.4.2 Six Degrees of Freedom 

A floating structure is considered to be a free moving structure even though 

it is secured to the bottom of the water/sea. Since the body of the structure remains rigid 

to the movement of the waves, the floating structure will have six degrees of freedom.  
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Figure 2.8. Diagram of six degrees of freedom on a ship. 

 (source: Universidad Politecnica Madrid, 2019) 

As seen in the figure above, a floating structure on a surface of the water will 

experience those six movement that are divided into two categories, the translational that 

includes the surge, yaw, and sway, and the rotational motions that includes the pitch, 

heave, and roll (Madland, 2012). In this research, motion response in all six degrees of 

freedom will be analysed both in free floating and moored condition. 

 

2.5 Response Amplitude Operator (RAO) 

Response Amplitude Operator (RAO) or also called Transfer function is the 

function of structure response when affected by wave load towards the structure. 

Therefore, the function can be written as the ration between the structure respond 

amplitude to the wave amplitude. Structure respond amplitude can be in a form of 

motions, vibration, or tension. RAO can be determined by using the equation below: 

 

RAO (𝜔) = 
𝑿𝒑(𝜔)

η(𝜔)
 

 

Where: 

XP (𝜔) = amplitude of the structure 

 η(𝜔) = amplitude of wave 

 

RAO is then represented in a form of response curve. The response curve of a 

floating structure is divided into three different areas, the sub critical, critical, and the 

super critical area (Fajar, 2018).  

A. Sub-critical Area 

The sub-critical area has low frequency section and long period of wave. The floating 

structure will follow the contour of the long wave elevation, therefore, the amplitude 
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of motion and amplitude of wave will be identical. This condition is also called 

contouring.   

B. Critical Area 

The critical area shows an increase in amplitude of motion compared to the amplitude 

of wave, and the turning point of the curve is at its natural frequency which is located 

within the resonance area, which means that there is an increase in the motion 

response 

C. Super Critical Area 

The super critical area shows the highest frequency or short period of wave. The 

higher the frequency, the denser the wave will be, which means that the distance 

between the turning point of the curve is also getting shorter. The motion response in 

this area is decreasing and the condition is called platforming. 

 

 The analysis of RAO graphs will generate information about the behaviour of the 

floating structure that can be used for other analysis. The list of information can also be 

used as the validation of the advisability of the selected mooring system for the wave 

generated power plant with pendulum system. 

 

2.6 Response of Floating Structures to Irregular Waves 

Random waves are superposition of unlimited sinusoidal waves components. Each 

of wave components have their own level of energy that are accumulated in a form of 

wave energy spectrum (Djatmiko,2012). Response of floating structures such as ships 

caused by irregular waves excitation is already introduced by St. Denis and Pierson 

(1953), where these responses can be calculated as a reaction due to sinusoidal waves 

excitations with certain value of amplitude and frequency. The calculation is done by 

taking a constant value of amplitude while variating the value of frequency within a 

certain interval. Structure response on irregular wave can be done by transforming wave 

spectrum into response spectrum, where response spectrum is defined as the density of 

energy caused by waves on the structure.  

The structure response on irregular wave can be determined by transforming 

wave spectrum into response spectrum. The equation of this transformation is as written 

below. 

 

 SR= [RAO (ω)]2 S(ω)deg/m 

 Where: 

 SR  = response spectrum  

 RAO(ω) = transfer function 

 ω  = wave frequency (Rad/sec) 
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2.7 Spectrum of Wave 

Wave spectrum the selection of wave energy spectrum to determine the real sea 

condition that is being researched on. The method used is by transforming records of 

irregular waves within time domain into wave energy spectra within frequency domain 

by using Fehrer’s mathematics algorithm, or known as the FFT (Fast Fourier Transform). 

The results derived from FFT is the plotted into wave energy density spectra versus wave 

frequency graph. Wave spectrum is needed in the process of designing a ship (floating 

structure) to predict the high of the wave caused by the movement of the ship during 

operation (Charizzaka, 2016). 

 There are numbers of different wave spectrum derived from numerous 

experiments on different sea conditions. The mostly used wave spectrum used in 

calculations are the Pierson-Moskowitz model (1964), ISSC (1964), Scott (1965), 

Bretscneider (1969), JONSWAP (1973), ITTC (1975), Wang (1991). (Djatmiko, 2012) 

The spectrum of wave represents the distribution of wave energy as the 

function of wave frequency. The wave amplitude energy density spectrum is the 

representation of continual frequency domain that shows the variation of density of wave 

energy with the frequency. The ordinate of the spectral is symbolised using Sζ (ω), where 

ζ is the mean of wave amplitude calculation. The wave spectral density can be seen in 

the figure below. (Fajar, 2018) 

 
Figure 2.9. common spectrum of wave 

 (source: MOSES manual) 

The spectral shown in the figure above indicated the sea condition that is crucial 

in determining the floating structure response at the sea.  
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2.8 Joint North Sea Wave Project (JONSWAP) Spectrum  

JOSWAP wave spectrum as seen in Figure 2.10 below is used in this research 

because it suits the condition of Indonesian ocean the most compared to the other type 

of spectrum. The equation of JONSWAP is determined by transforming Pierson-

Moskowitz spectrum (DNV RP- C205, 2010). 

 

Figure 2.10. Wave Spectrums 

(source: Moses Manual) 

 

2.9 Environmental Loads 

The environmental loads are caused by natural phenomenon such as the wind, waves, 

current, and other external forces that can affect the movement of the platform of a 

floating structure. Environmental loads can also be caused by natural disasters such as 

earthquakes, cyclonic storms such as hurricanes, typhoons, and tornados, as well as 

flooding. They are difficult to predict and they can cause severe damages to the affected 

structure. Therefore, these loads are very crucial to be included in the analysis of this 

research for reliability purposes (Fajar, 2018). 

 

2.10 Mooring Configuration for Floating Structures 

Mooring is a set of equipment with permanent structure that is use to make sure the 

structure will not get swept away by the waves. Mooring can be in a form of a quay, 

jetty, anchor buoy, wharf, and mooring buoy. The wave energy conversion system in this 

research needs to have as many motion responses as possible to allow the pendulums to 

keep moving, thus, electricity is guaranteed to be produced continuously. However, there 
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are many factors affecting the operability of the unit, one of the critical one is the 

environmental loads, the wind and the wave (Charizzaka, 2016).  

These environmental loads can be unpredictable and can change drastically in a short 

period of time. If the wind suddenly gets fast, the wave on the surface will also get 

affected and create big waves. Such a condition could possibly cause damage to the unit 

due to excessive excursion of the ponton. Parts of the unit could be damaged and the unit 

could also sink due to the extreme weather. Therefore, mooring system is still mandatory 

to secure the unit to stay within its safe working area.    

 In this research, the mooring system will be installed on the ponton of the wave 

energy conversion system to figure out the operability of the structure when moored. 

Besides the environmental loads, other main segment that could be analysed in this 

research are the type of mooring system, the material and arrangement of the mooring 

line, and the type of anchor that are suitable for the wave generated power plant with 

pendulum system and able to maintain a certain level of operability. 

 

2.10.1 Catenary Mooring  

In shallow to deep water, is the catenary mooring.The catenary mooring as 

seen in Figure 2.11 below arrives at the seabed horizontally subjecting the anchor to 

horizontal forces. In a catenary mooring, most of the restoring forces are generated by 

the weight of the mooring line. It derives its compliance from the change in suspended 

line weight. Most semisubmersible drilling rigs are fitted with catenary mooring 

systems. Floating wave energy converter units that are moored by free hanging catenary 

mooring might not have sufficient extension without excessive loads when the tidal 

range is large and there would be restraining stiffness affecting the motion of the unit 

(Santos, 2013). 

 
Figure 2.11. Catenary mooring system configuration. 

 (source: ABC Moorings) 

2.10.2 Taut Leg Mooring  
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In deep, the weight of the mooring line becomes a limiting factor in the design of 

a floater. To overcome this problem synthetic ropes in the mooring line (less weight) 

and/or a taut leg mooring system can be applied. The taut leg mooring arrives at the 

seabed at an angle, meaning the anchor point has to resist both horizontal and vertical 

forces. The restoring forces are generated by the elasticity of the mooring line. An 

advantage of a taut leg mooring over the catenary mooring is that the footprint of the taut 

leg mooring is smaller than the footprint of the catenary mooring.  

A taut mooring leg, as seen in Figure 2.12 below, will usually have an angle of 

between 30 and 45 degrees to horizontal at the vessel and exhibit fairly linear load-

excursion characteristics. Another advantage is the better load sharing between adjacent 

lines than the array of catenary. A taut mooring also has much shorter lines than a 

catenary system at similar depth. Crowded seafloor conditions gives challenges and the 

synthetics/taut systems have been used to reduce the risk of steel mooring components 

suspended over pipelines or subsea equipment. Polyester taut leg mooring systems are 

expected to be suitable for water depths up to 3000m (Santos, 2013). 

 

 
Figure 2.12. Taut leg mooring 

 (source: ABC Moorings) 

 

2.10.3 Spread Mooring  

The spread mooring system, as seen in Figure 2.13 below, will not allow the ship 

(floating structure) to move rotationally when there are only little environmental loads 

working on the ship. It usually consists of mooring lines and legs and is installed on the 

bow and stern of the ship. the bigger the environmental load is, the more mooring line is 

added. It has a low maintenance due to its simple configuration and it is applicable to all 

type of ship while considering the facility on deck (Santos, 2013).  
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Figure 2.13. spread mooring. 

 (source: ABC Moorings) 

 

2.10.4 Determining Length of Mooring Line  

The length of mooring line is crucial for the positioning of the floating structure. 

The length of mooring line can be calculated to determine the minimum length that is 

appropriate to the configuration of the mooring system to the floating structure itself. 

The equation to determine the minimum length of mooring line is as written below 

(Suwandi, 2018): 

 

𝑙

ℎ
= √

2𝐹𝐻

𝑃ℎ
+ 1 [10] 

Where: 

𝑙  = minimum distance from chain line 

ℎ = water depth 

𝑃ℎ = weight of chain line/m under water 

𝐹𝐻 = chain line horizontal force upon fairlead (10% MBL)  

 

2.10.5 Excursion 

Excursion is the shifting of floating structure position caused by natural loads such 

as wind, current, and waves that are acting upon it. The tolerable maximum excursion 

can be calculated based on the equation written below (Fitria, 2018): 

If,  
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Slfmax > Swfmax, then: 

Smax = Smean + Slfmax + Swfsig  

 

If, Slfmax < Swfmax, then: 

Smax = Smean + Slfmax + Swfsig  

 

Where:  

Smax  = maximum vessel excursion 

Smean  = mean vessel excursion 

Slfmax = maximum low frequency motion 

Swfmax = maximum wave frequency motion 

Swfsig = significant wave frequency motion 

 

2.11 MOSES 

Moses or Ultramarine’s MOSES software is a software utilizes for offshore floating 

structure design optimization. It consists of numbers of simulation, the Launch, mooring, 

ballasting, stability, seakeeping, upending, lowering, loadout, deck installation, in-place 

analysis, and transportation (Fajar, 2018). The type of structures that can be analysed 

also varies, starting from fixed platforms, compliant towers, wind turbines, and many 

more. There are three steps to the analysis done in this research. the steps are as written 

below:  

 

2.11.1 Pre-Processor 

The pre-processor is the early step which includes inputting the principle data of 

the structure for meshing process. Then the parameters to be analysed is also inputted. 

2.11.2 Processor 

The processor step involves data calculation using equations and iterations that 

were decided. 

2.11.3 Post Processor 

In the post processor step, results of the calculation is displayed in the form of 

graphs, figures, and animation.  
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Chapter 3 

Research Methodology 

 

The methodology represents the steps of completion of this research. MOSES 

integrated simulation process is used to gather analytical data needed for this research. 

The step of the methodology is as shown in the figure below. 
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3.1 Problem Identification 

The designing of wave energy conversion system with hexagonal ponton is done with 

the floater arms distance variation to determine the best design that will produce more 

rotational motion and less translational motion so that the pendulum will have more 

ability to rotate the generator to produce electricity. On the other hand, the designing of 

mooring system for the wave energy conversion system is done based on the need in 

optimizing the operability of the unit while considering the natural loads acting upon the 

ponton.   

 

3.2 Literature Study  

Literature study is an approach to a summary of the basic theory and references 

needed for the research. The theories are gathered from various sources such as papers, 

journals, previous researches, and other study materials that might be useful for the 

research. The literature study is mostly related to theory of wave generated power plant, 

mooring system, and MOSES: Integrated Offshore Simulation Software. The material 

that refers to this research is as the following: 

1. Wave energy 

2. Wave generated power plant 

3. Theory of floating structure  

4. Stability of floating structures 

5. Motion response of a floating structure 

6. Mooring system  

 

3.3 3D Numerical Model of the Ponton  

The numerical modelling of the ponton for the motion analysis in MOSES is done 

in two step. The first step is to make the model in SolidWorks to determine the centre of 

gravity (CG), moment of inertia, mass and volume of the ponton model. These properties 

are obtained from the mass properties option in Solidworks as shown in Figure 3.2 below. 

Solidwork 2014 was used in this research. 

 

 

Figure 3. 2 Mass Properties option in Solidwork. 
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 The second step is to make the 3D modelling in Maxsurf Modeller Advanced. the 

modelling in maxsurf is done to obtain the hydrostatic properties of the ponton such as 

the draft and zero point of the model. The 3D model from Maxsurf is then exported as 

File.DAT or File.dat by opening the file in Moses Modeller and save it as Moses Trimesh 

Model as shown in Figure 3.3 below to later be used in the sea keeping simulation in 

MOSES. Generate Trimesh command can be found in the Trimesh option of Surfaces. 

 

Figure 3. 3 Trimeshing in Moses Modeler. 

 The hydrostatic data of the model shown in Figure 3.4 below can be determined by 

going to the Calculate Hydrostatic option in Data tab. 

  

Figure 3. 4 Hydrostatic Data of the model in Maxsurf Modeller Advanced. 

3.4 Simulation using MOSES 

Simulation in MOSES is done to gather data of Response Amplitude Operator 

(RAO) of the ponton. The simulation is conducted by coding in Moses Editor. The steps 

are as the following: 

 

3.4.1 Input of Parameters 

The input parameters needed for the simulation in MOSES is divided into few 

categories, the hydrostatic input and environmental parameters input. The hydrostatic 

input includes the wave spectrum, draft, center of gravity, and radius of gyration of the 

ponton, while the environmental parameter input includes sea current, wind speed, water 
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depth, and wave height significant. There should be at least one spectrum input, in this 

research, the JONSWAP spectrum is used. Speed of vessel is 0 m/s because the ponton 

is in a free-floating position. 

 

The environmental loads such as water depth, speed and direction of wind, and 

wave properties must be according to the existing data from the location at which the 

ponton is placed. The hydrostatic input should also match the data derived from the 

process of 3D modelling in Maxsurf Modeller Advanced and Solidworlks. The input 

parameter for seakeeping analysis in MOSES is as seen in the table 3.1 below. 

 
Table 3.1. Parameter input for Seakeeping Simulation. 

No. Input Value  Units 

1. Wave Spectrum JONSWAP - 

2. Wave Height Significant  2,364 Meters 

3. Sea Current 0,49 m/s 

4. Period  7,74 Second 

5.  Water Depth  25 meters 

6. Wind Speed 16 m/s 

7. Vessel Draft 0,837 Meters 

8. Gamma 1 Meter 

9. Wave Heading 0-120 Degrees 

  

3.4.2 Sea Keeping Simulation  

Once the parameters are determined and the input File.DAT/dat is ready, the 

seakeeping simulation by coding in Moses Editor can be started. The coding file.CIF and 

File.DAT shall be placed in the same folder as shown in Figure 3.5 and 3.6 consecutively 

below. 

 

 
Figure 3. 5 Coding in Moses Editor for Seakeeping analysis. 
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Figure 3. 6 File.DAT for coding in Moses Editor. 

  Once the solver is finished, the results as seen in Figure 3.7 below can be 

extracted and analysed by opening File.ans in the folder which was used to save the 

simulation files. There will be Log, Out, and Ppo text files. These files are going to be 

used for mooring simulation in Orcaflex.   

 

Figure 3. 7  Results of seakeeping simulation in Moses Editor. 
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Chapter 4  

Data Analysis 

 

4.1 Data of Ponton for 3D Numerical Modelling  

 The numerical modelling of the ponton starts by drawing in AutoCAD to figure 

out the 2 Dimension structural drawing of the ponton platform. Then the modelling is 

continued by doing 3D numerical modelling in Solidworks and Maxsurf.  

 

4.1.1 The Main Dimension of Ponton 

The principal dimension of the ponton platform and the floaters derived from 2D 

drawings in AutoCAD is as shown in the Table 4.2 below. 

Table 4.2. Principal Dimension of the unit. 

Dimension (meters) Ponton Floater 

Radius 1.73 0.75 

Length  3.5 2.36 

Draft (T) 0.837 - 

Height (H) 2.50 0.15 

 

4.2 3D Numerical Modelling of Ponton    

 The numerical 3D modelling are done in Solidworks and Maxsurf. There are three 

variation of design, design Variation 1 is the initial design, design Variation 2 is the 

ponton designed with reduced floater arms, variation 3 is the design of ponton without 

floaters.  

4.2.1 Design Variation 1 

Design Variation 1 of the ponton in Solidworks and Maxsurf are as shown in Figure 

4.14 and 4.15 below. 

 

 
Figure 4.14. Perspective view of Design variation 1 in Solidwork. 
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Figure 4.15. Perspective view of Design variation 1 in Maxsurf. 

 Based on the mass properties of Variation 1 model in Solidworks, the value of 

center of mass x, y, and z coordinates, radius of gyration, moment of inertia Ixx, Iyy, and 

Izz are as written in Table 4.3 below.  

  

Table 4.3. Calculation from modelling Variation 1 in Solidwork. 

Moment of 

inertia (Ton.m2) 

x y z 

95,246 168,132 95,192 

Center of 

Gravity  

0 1.05 0 

Radius of 

Gyration (m) 

Ixx Iyy Izz 

3,283 4,362 3,282 
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4.2.2 Design Variation 2 

Design Variation 1 of the ponton in Solidworks and Maxsurf are as shown in the 

Figure 4.16 and 4.17 below. 

 

Figure 4.16. Perspective view of Design variation 2 in Solidwork. 

 

Figure 4.17. Perspective view of Design variation 2 in Maxsurf. 

 Variation 2 model have floater arms distance of 0,075 meters shorter compared 

to Variation model 1, otherwise, all the other components of the ponton design stays the 

same.  



26 
 

 
 

 Based on the mass properties of Variation 1 model in Solidworks, the value of 

center of mass x, y, and z coordinates, radius of gyration, moment of inertia Ixx, Iyy, and 

Izz are as written in Table 4.4 below.   

Table 4. 4. Calculation from modelling Variation 2 in Solidwork. 

Moment 

of inertia 

(Ton.m2) 

x y z 

71,369 120,476 71,316 

Center of 

Gravity  

0 1.05 0 

Radius of 

Gyration 

(m) 

Ixx Iyy Izz 

2,847 3,699 2,847 

 

4.2.3 Design Variation 3 

Design Variation 1 of the ponton in Solidworks and Maxsurf are as shown in 

Figure 4.18 and 4.19 below. 

 

Figure 4.18. Perspective view of Design variation 3 in Solidwork. 
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Figure 4.19. Perspective view of Design variation 2 in Maxsurf. 

 Based on the mass properties of Variation 3 model in Solidworks, the value of 

center of mass x, y, and z coordinates, radius of gyration, moment of inertia Ixx, Iyy, and 

Izz are as written in Table 4.5 below.  

Table 4.5. Calculation from modelling Variation 3 in Solidwork. 

Moment 

of inertia 

(Ton.m2) 

x y z 

8,917 3,434 8,765 

Center of 

Gravity  

0 1.57 0 

Radius of 

Gyration 

(m) 

Ixx Iyy Izz 

2,034 1,262 2,017 

 

4.3 Modelling in Moses   

The modelling in Moses is done by opening a design file .msd of the 3D model from 

Maxsurf Modeller Advanced with a fixed hydrostatic data. The model is then proceeded 

to be set for seakeeping simulation to generate Response Amplitude Operation (RAO) in 

free floating condition by trimeshing it as seen in Figure 4.20 below, then exporting it 

into a .DAT file. 
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Figure 4.20. Trimesh of variation 1 model in Moses 

 

4.4 Motion Response Analysis  

This analysis will produce the motion response of the ponton in free floating state 

with irregular waves and loads heading in from 0o, 30 o, 60 o, 90 o, and 120 o towards the 

ponton as seen in Figure 4.21 below. 

 

 

 

Figure 4.21 Load headings toward the pontoon. 

 The data input for this analysis are the draft, load heading, radius of gyration, centre 

of gravity coordinates, wave spectrum, period, current, wind speed, water depth, and the 

3D model file in .DAT/.dat format. The motion response in the form of RAO (Response 

x 

0° 

90° 

60° 

30° 
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Amplitude Operator) for six degrees of freedom surge, sway, heave, roll, pitch, and yaw 

are then generated from running using Moses Editor.  In this analysis, the RAO data 

shows the characteristics of the initially designed ponton motion before mooring system 

is installed, hence, the free floating state. The RAO data are given in a Wave Frequency 

(rad/s) versus RAO (m/m) and RAO (deg/m) for both translational and rotational motion 

consecutively. The analysis of RAO graphs for each variation are as given in the 

following. 

 

4.4.1 Motion Analysis of Variation 1. 

 The motion analysis for ponton with floaters are given for surge, sway, heave, 

roll, pitch and yaw. These analyses are as shown in the following sub chapters. 

4.4.1.1 RAO Analysis for Surge Motion  

 

 

Figure 4.22. Surge RAO of variation 1 in free floating condition. 

 The data in Figure 4.22 above shows that the Surge RAO value data for all load 

headings from 0o until 120o have the same pattern, regardless of the different values. 

Each heading has the highest RAO when the frequency is at the lowest, and then the 

RAO is declining until it reaches its lowest value at a certain frequency, after that, the 

RAO is increasing again but it stays below its initial highest value. 

 

 The RAO due to load at 0o heading have the highest set of value starting at 1,949 

m/m at frequency 0,1 rad/s. The second highest set of value of RAO is due to load at 30o 

heading starting from 1,882 m/m. The RAO set of value for load heading at 60o and 90o 
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are almost identical starting at 1,740 m/m and 1,664 m/m consecutively, while the lowest 

set of RAO value is due to load at 90o heading starting from 1,664 m/m. It can be 

concluded that the highest surge RAO occurs at the lowest frequency and that load 

coming from 0o heading has the biggest impact on the ponton, this is accordant to the 

characteristic of surge motion being heavily impacted by wave at bow and stern, which 

in this analysis is the load heading of 0o.  

 

4.4.1.2 RAO Analysis for Sway Motion 

 

 

Figure 4.23. Sway RAO of variation 1 in free floating condition. 

 The data in Figure 4.23 above shows that as the frequency increases, the sway 

motion RAO values due to all load headings are steadily increasing, except for load at 0o 

heading that stays at 0 m/m. Although the highest set of sway motion RAO value is due 

to load from 90o heading starting at 1,073 m/m frequency 0,1 rad/s, the highest RAO is 

due to load from heading 60o at 1,684 m/m frequency 1,7 rad/s.  

 

 Regardless of the random spread of RAO values, it is still accordant to the 

characteristic of sway motion because sway motion will not occur when load is coming 

towards the bow or stern, which is proved by the zero values for heading at 0o. Sway 

motion will most likely be occurring when the load is coming horizontally towards the 

ponton, which is the highest when load is coming from 90o heading, followed by 120o 

and 60o,  and then the lowest at 30o. 
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4.4.1.3 RAO Analysis for Heave Motion 

 

 

Figure 4.24. Heave RAO of variation 1 in free floating condition. 

 The data in Figure 4.24 above shows that the heave RAOdata have an identical 

pattern. The graphs are steadily decreasing, although there are a few raises in 90o and 

120o headings, the values are expected to also decline towards zero at a certain higher 

frequency. This is likely due to the symmetrical shape of the ponton hull. 

 

 The highest values of heave RAO is reached in every load headings at 0,998 to 

0,906 m/m frequency 0,1 to 1,3 rad/s. The heave RAO is highly impacted by load coming 

from 90o heading because it has the highest average of RAO value, followed by 60o, 

120o, 30o, and then the lowest impact at 0o heading.  
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4.4.1.4 RAO Analysis for Roll Motion 

 

 

Figure 4.25. Roll RAO of variation 1 in free floating condition. 

 The data in Figure 4.25 above shows an identical parabolic pattern for every load 

heading, except for 0o heading, because roll motion is unlikely to be affected by loads 

coming towards the bow and stern of the ponton, which in this analysis is the 0o heading. 

This is proofed by the zero RAO values from 0o heading graph.  

 

 The highest value of roll RAO is at 22,133 deg/m frequency 1,8 rad/s due to load 

from 60o heading, followed by 18,081 rad/m frequency 1,8 rad/s from 30o heading, then 

at 17,437 rad/m frequency 1,8 rad/s from 120o heading, and lastly at 16,920 rad/m 

frequency 1,8 rad/s from 90o heading. It can be concluded that the ponton roll RAO is 

more likely to occur as the heading degree increases, loads coming from 60o heading 

being the most affecting. 
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4.3.1.5 RAO Analysis for Pitch Motion 

 

 

Figure 4.26. Pitch RAO of variation 1 in free floating condition. 

 The Figure 4.26 above shows that the pitch RAO is likely to occur at all load 

headings. The highest values of pitch RAO are all occurring at frequency 2 rad/s, the 

highest of all being at 21,695 deg/m from load heading 0o, then the second highest at 

20,240 deg/m from load heading 90o, followed by RAO at 17,569 deg/m from load 

heading 120o, then  at 17,041 deg/m from load heading 30o, and the least highest being 

at 15,394 deg/m from load heading 60o.  

 

 This set of data shows that the pitch RAO for the ponton is heavily affected by 

loads coming from 0o heading. This is accordant to the characteristic of pitch motion, 

because pitch is the rotational motion on the z axis of the floating body, which makes it 

vulnerable to loads coming towards the bow and stern of the floating body, which in this 

analysis is supposed to be the 0o heading. 
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4.4.1.5 RAO Analysis for Yaw Motion 

 

 

Figure 4.27. Yaw RAO of variation 1 in free floating condition. 

 Figure 4.27 above shows that yaw RAO is obviously most affected by loads 

coming from 120o heading. The yaw RAO value data set for heading 120o is remarkably 

higher if compared to the other headings. Meanwhile, the difference in yaw RAO value 

data set for heading 0o is also very drastic because all of the values are very close to zero.  

 

 The highest yaw RAO is at 77,212 deg/m frequency 1,8 deg/m due to loads from 

120o heading, the second highest is at 46,854 deg/m frequency 1,8 deg/s due to load 

coming from 60o heading, followed by 46,178 deg/m frequency 1,9 deg/s due to load 

coming from 90o heading, and the least highest at 43,594 deg/m frequency 1,8 deg/s due 

to load coming from 30o heading. It can be concluded that the yaw RAO of the ponton 

is highly affected by loads coming from 120o heading and that the load from 0o heading 

do not have a significant effect on the ponton yaw RAO. 
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Motion Response Analysis of Variation 2  

The motion analysis for ponton without floaters are given for surge, sway, heave, 

roll, pitch and yaw. These analyses are as shown in the following sub chapters. 

 

4.4.1.6 RAO Analysis for Surge Motion  

 

Figure 4.28. Surge RAO of variation 2 in free floating condition. 

 The data in Figure 4.28 above shows that the Surge RAO value data for all load 

headings from 0o until 120o have the same pattern. Each heading has the highest RAO 

when the frequency is at around 1,57 Rad/s, and then the RAO keeps declining. 

 

 The highest initial RAO value is 1,194 m/m frequency 1,25 Rad/s due to load 

heading from 90 o, followed by 30 o, 60 o, 0 o, and 120 o. Highest surge RAOs occurs at 

frequency 1,57 Rad/s with the highest RAO is 2,596 m/m due to load from heading 0 o. 

it can be concluded that load coming from 0o heading has the biggest impact on the 

ponton, this is accordant to the characteristic of surge motion being heavily impacted by 

wave at bow and stern, which in this analysis is the load heading of 0o. 

 

 

 

 

 

 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

0 0,5 1 1,5 2 2,5

R
A

O
 (

m
/m

)

Frequency (Rad/s)

Surge RAO of Model Variation 2

0 Degree

30  Degrees

60 Degrees

90 Degrees

120 Degrees



36 
 

 
 

4.4.1.7 RAO Analysis for Sway Motion  

  

Figure 4.29. Sway RAO of variation 2 in free floating condition. 

 The data in Figure 4.29 above shows that as the frequency increases, the sway 

motion RAO values in all load headings are steadily declining. All RAO start to decline 

around frequency 0,4 Rad/s after the peak, and then it stays stable. The highest value of 

sway motion RAO is due to load from 90o heading starting at 2 m/m frequency 0,25 

rad/s, followed by RAO in load heading 30o, 60o, 120o, and 0o at 1,88 m/m, 1,58 m/m, 

1,18 m/m, and 0,04 m/m consecutively.  

 

  Based on the analysis, it is still accordant to the characteristic. Sway motion will 

most likely be occurring when the load is coming horizontally towards the ponton, which 

is the highest when load is coming from 90o heading, followed by 120o and 60o,  and then 

the lowest at 30o. Sway motion will not likely to occur when load is coming towards the 

bow or stern, which is proved by values at 0o that are close to zero. 
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4.4.1.8 RAO Analysis for Heave Motion  

 
Figure 4.30. Heave RAO of variation 2 in free floating condition. 

  

   The data in Figure 4.30 above shows that the heave RAO data have an 

identical pattern. The graphs are steadily decreasing, although there are a few raises, the 

values are expected to also decline towards zero at a certain higher frequency. This is 

likely due to the symmetrical shape of the ponton hull that makes it easier for the ponton 

to stabilize. 

 The highest values of heave RAO are reached in load heading 90o at 1,6 m/m 

frequency 0,24 rad/s. The heave RAO is highly impacted by load coming from 90o 

heading, followed by 120o, 30o, 0o, and then 60o. The values of heave RAOs for Variation 

2 are higher compared to Variation 1 is likely caused by its lower mass. 
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4.4.1.9 RAO Analysis for Pitch Motion  

 

Figure 4.31. Pitch RAO of variation 2 in free floating condition. 

 

 Figure 4.31 above shows that pitch RAO keeps on inclining as the frequency 

increases. The highest pitch RAO occurred is at 18,17 deg/m from load heading 0o, then 

the second highest at 16 deg/m from load heading 120o, followed by RAO at 12,1 deg/m 

from load heading 90o, then  at 10,04 deg/m from load heading 60o, and the least highest 

being at 8,5 deg/m from load heading 30o.  

 

 This set of data shows that the pitch RAO for the ponton is heavily affected by 

loads coming from 0o heading. This is accordant to the characteristic of pitch motion, 

because pitch is the rotational motion on the z axis of the floating body, which makes it 

vulnerable to loads coming towards the bow and stern of the floating body. 
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4.4.1.10 RAO Analysis for Roll Motion  

 

Figure 4.32. Roll RAO of variation 2 in free floating condition. 

 The data in Figure 4.32 above shows an identical parabolic pattern for every load 

heading, except for 0o heading, because roll motion is unlikely to be affected by loads 

coming towards the bow and stern of the ponton, which in this analysis is the 0o heading. 

This is proofed by the zero RAO values from 0o heading graph.  

 

 The highest value of roll RAO is at 16,9 deg/m frequency 0,66 rad/s due to load 

from 90o heading, followed by 14,92 rad/m frequency 0,7 rad/s from heading 60o, then 

at 14,4 rad/m frequency 0,66 rad/s from 120o heading, and lastly at 10,9 rad/m frequency 

0,78 rad/s from 30o heading, load coming from 90o heading being the most affecting.  
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4.4.1.11 RAO Analysis for Yaw Motion  

 

Figure 4.33. Yaw RAO of variation 2 in free floating condition. 

 The data in Figure 4.33 above shows that yaw RAO is mostly affected by loads 

coming from 120o heading. The yaw RAO value data set for heading 120o is the highest 

compared to the other headings. Meanwhile, the difference in yaw RAO value data set 

for heading 0o is also very drastic because all of the values are very close to zero.  

 

 The highest yaw RAO is at 37,2 deg/m frequency 0,7 deg/m due to loads from 

120o heading, the second highest is at 32,3 deg/m frequency 0,74 deg/s due to load 

coming from 30o heading, followed by 26,8 deg/m frequency 0,7 deg/s due to load 

coming from 60o heading, and the lowest at 14,9 deg/m frequency 0,6 deg/s due to load 

coming from 30o heading. It can be concluded that the yaw RAO of the ponton is highly 

affected by loads coming from 90o heading and that the load from 0o heading do not have 

a significant effect on the yaw RAO. 
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4.4.2 Motion Response Analysis of Model Variation 3 

The motion analysis for ponton with shortened floater arms are given for surge, 

sway, heave, roll, pitch and yaw. These analyses are as shown in the following sub 

chapters. 

 

4.4.2.1 RAO Analysis for Surge Motion  

 

Figure 4.34. Surge motion RAO of model variation 3 in free floating condition. 

 The data in Figure 4.34 above shows that the Surge RAO value data for all load 

headings from 0o until 120o have an identical pattern. Each heading has the highest RAO 

when the frequency is at around 1,85 Rad/s, and then the RAO is declining except for 

RAO due to load from 60 o heading. 

 

 The highest RAO value is 1,8 m/m frequency 1,85 Rad/s due to load heading from 

0 o, followed by 120 o, 30 o, 90 o, and 60 o. It can be concluded that load coming from 0o 

heading has the biggest impact on the ponton, this is accordant to the characteristic of 

surge motion being heavily impacted by wave at bow and stern, which in this analysis is 

the load heading of 0o. 
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4.4.2.2 RAO Analysis for Sway Motion  

 

Figure 4.35. Sway RAO of variation 3 in free floating condition. 

 

 The data in Figure 4.35 above shows that as the frequency increases, the sway 

motion RAO values due to all load headings are steadily decreasing, except for load at 

120o heading that stays at 0 m/m. The highest set of sway motion RAO value is due to 

load from 60o heading starting at 0,99 m/m frequency 0,1 rad/s, the highest RAO is due 

to load from heading 60o at 1,8 m/m frequency 1,005 rad/s.  

 

 Regardless of the random spread of RAO values as shown in Figure 52 above, it 

is still accordant to the characteristic of sway motion because sway motion will not occur 

when load is coming towards the bow or stern, which is proved by the zero values for 

heading at 0o. Sway motion will most likely be occurring when the load is coming 

horizontally towards the ponton, which is the highest when load is coming from 60o 

heading, followed by 90o and 30o,  and then the lowest at 120o and 0o. 
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4.4.2.3 RAO Analysis for Heave Motion  

 

 

Figure 4.36. Heave RAO of variation 3 in free floating condition. 

 The data in Figure 4.36 above shows that the heave RAO data have an identical 

pattern. The graphs are steadily decreasing. This is likely due to the symmetrical shape 

of the ponton hull that makes it easier for the ponton to stabilize. However, the values 

began to incline and decline at the same time after frequency 1,6 Rad/s.  

 

 The highest values of heave RAO are reached during load heading 0o at 1,07 m/m 

frequency 24 rad/s. The heave RAO is highly impacted by load coming from 120o 

heading, followed by 90o, 60o, 30o, and then 0o. The values of heave RAOs for Variation 

3 are higher compared to Variation 1 and 2 is likely due to lower mass since it does not 

have any floaters and floater arms.  
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4.4.2.4 RAO Analysis for Pitch Motion  

 

Figure 4.37. Pitch RAO of variation 3 in free floating condition. 

 Figure 4.37 above shows that pitch RAO keeps on inclining as the frequency 

increases. The highest pitch RAO occurred is at 20,86 deg/m from load heading 120o, 

then the second highest at 19,13 deg/m from load heading 0o, followed by RAO at 13,8 

deg/m from load heading 30o, then  at 12 deg/m from load heading 90o, and the least 

highest being at 12,3 deg/m from load heading 60o.  

 

 This set of data shows that the pitch RAO for the ponton is heavily affected by 

loads coming from 120o and 0o heading. This is accordant to the characteristic of pitch 

motion, because pitch is the rotational motion on the z axis of the floating body, which 

makes it vulnerable to loads coming towards the bow and stern of the floating body. 
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4.4.2.5 RAO Analysis for Roll Motion  

 

Figure 4.38. Roll RAO of variation 3 in free floating condition. 

 The data in Figure 4.38 above shows an identical exponential pattern for every 

load heading, except for 0o heading because it is unlikely going to be affected by loads 

coming towards the bow and stern of the ponton, which in this analysis is the 0o heading, 

since it is a horizontally rotational motion. This is proofed by the zero RAO values from 

load coming from 0o heading in the figure.  

 

 The highest value of roll RAO is at 13,1 deg/m frequency 2 rad/s due to load from 

60o heading, followed by 11,2 rad/m frequency 2 rad/s from heading 90o, then at 8,04 

rad/m frequency 2 rad/s from 30o heading, and lastly at 1,9 rad/m frequency 1,9 rad/s 

from 1200o heading, load coming from 60o heading is the most effecting load to model 

Variation 1.  
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4.4.2.6 RAO Analysis for Yaw Motion  

 

Figure 4.39. Sway RAO of variation 3 in free floating condition. 

 The data in Figure 4.39 above shows that yaw RAO for this model variation is 

mostly affected by loads coming from 30o heading. The yaw RAO value data set for 

heading 30o is the highest compared to the other headings. Meanwhile, the difference in 

yaw RAO value data set for heading 0o is also very drastic because all of the values are 

very close to zero.  

 

 The highest yaw RAO is at 0,891 deg/m frequency 2 deg/m due to loads from 30o 

heading, the second highest is also at 0,81 deg/m frequency 2 deg/s due to load coming 

from 90o heading, followed by 0,37 deg/m frequency 2 deg/s due to load coming from 

60o heading, and the lowest at 0,2 deg/m also at frequency 2 deg/s due to load coming 

from 0o heading. It can be concluded that the yaw RAO of the ponton is highly affected 

by loads coming from 30o heading and that the load from 120o heading do not have a 

significant effect on the yaw RAO. 
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4.5 Mooring System Analysis  

 Mooring system analysis requires two objects, the ponton (vessel) and the 

mooring line as shown in Figure 4.40 and 4.41 below. The ponton is redrawn while the 

mooring line is selected and placed according to a single point mooring configuration 

should be. The mooring line is attached at the bottom of the ponton at point coordinate 

(x,y,z) = (0,0,0). The depth of water is 22,9 meters with length of mooring line 29,4 

meters.  

 

 

Figure 4.40. 3D view of mooring simulation. 

 

Figure 4.41. Single Point Mooring system perspective view. 
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4.5.1 Analysis of Ponton Excursion  

Excursion of the ponton in x-axes and y-axes is derived from the mooring 

simulation. The simulation is conducted for 10.800 seconds (operation time) for all load 

heading 0o, 30o, 60o, 90o, 120o. the result of the simulation is as shown in Table 4.6 below. 

 
Table 4.6 Excursion Analysis of Ponton with mooring system. 

Heading  

(Degree) 

Maximum Excursion Along Axes (meters) 

x y 

0 2,9 5,1 

30 1 2,5 

60 1 2,52 

90 2,67 2,75 

120 1,5 2,5 

 

 

Figure 4.42. Excursion along X and Y axis of Ponton with mooring system. 

Based on data in Figure 4.42 above, the comparation of maximum excursion of 

the ponton after mooring system is installed on X and Y-axis in Figure 4.60 is analysed. 

The furthest excursion occurred when load is coming from 0o heading at 5,1 meters along 

X-axis. The shortest excursion occurred when load is coming from 120o heading at 1,5 

meters along Y-axis.  
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4.5.2 Analysis of Ponton Motion  

The ponton motion analysis of the ponton in x-axes and y-axes derived from the 

mooring simulation. The simulation is conducted for 10800 seconds (operation time) for 

all load heading 0o, 30o, 60o, 90o, 120o. the result of the simulation is as shown in Table 

4.7 below. 
 

Table 4.7. Motion Analysis of Ponton with mooring system. 

Heading  

(Degree) 

Maximum Rotation along Axes (Degree) 

x y 

0 18,15 17,53 

30 27,9 21,6 

60 51,3 21,7 

90 62,5 33,7 

120 34,6 15,5 

 

 

 

Figure 4. 43. Rotational motion along X and Y axis of Ponton with mooring system. 

 Figure 4.43 above shows that the highest degree of motion occurred at 62,5o along 

the x-axis when load is coming from 90o heading, this means that the ponton is 

experiencing rolling. The lowest degree of motion occurred at 15,5o along y-axis when 

load is coming from 120o heading, which means that the ponton experienced pitching. 
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4.5.3 Analysis of Mooring Line Tension 

This simulation used single point mooring system. The material of mooring line 

is Nylon rope with a diameter of 56 mm, mass of 196 kg/100 m, and a Maximum 

Breaking Load of 478,4 kN. Data of mooring line tension from the simulation is as seen 

in Table 4.8 below. 

Table 4.8 Data of Mooring Line Effective Tension at End A and B 

Load Heading 

(Degrees) 

Mooring Line Tension (kN) 

End A End B 

0 34,6 34,25 

30 278,45 278,35 

60 125,76 125,95 

90 95,43 95,78 

120 166,12 166,14 

 

Based on the Table 4.8 above, the maximum effective tension on mooring line is 

278,45 kN when load is coming from 30o heading towards the ponton while the smallest 

is 34,25 kN when load is coming from 0o heading towards the ponton.  

4.5.4 Safety Factor Calculation 

The calculation of safety factor is based on the maximum breaking load and the 

maximum effective tension of the mooring line. The equation is as shown below.  

 

Safety Factor = 
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑏𝑟𝑒𝑎𝑘𝑖𝑛𝑔 𝑙𝑜𝑎𝑑

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 
 

 

 Based on the equation above, the value of safety factor is 1,71. This value is 

acceptable for the minimum requirement from API RP 1SK.   
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Chapter 5 

Conclusions and Suggestion 

5.1 Conclusion 

There are a number of conclusions based on the analysis in chapter 4. The conclusions 

are as written below: 

1. Model Variation 1 of the wave energy conversion system is the most effective design 

compared to Variation 2 and 3. The addition of floaters to the hexagonal ponton with 

a longer arm tend to have a higher value of both translational and rotational motion. 

Highest RAOs reached during seakeeping simulation for surge, sway, heave, roll, 

pitch and yaw is 0,998 m/m in heading 90o; 1,684 m/m in heading 60o; 0,998m/m in 

heading 90o; 22,13 deg/m in heading 60o; 21,65 deg/m in heading 0o; and 77,2 deg/m 

in heading 120o consecutively.  

2. Single point mooring system is suitable for this design because after moored, the 

ponton is still able to have rotational and translational motion along x and y-axis. 

Based on the analysis of mooring simulation results, the furthest excursion occurred 

when load is coming from 0o heading at 5,1 meters along X-axis while the shortest 

excursion occurred when load is coming from 120o heading at 1,5 meters along Y-

axis. Rolling motion reached 62,5o along the x-axis when load is coming from 90o 

heading while pitching reached 15,5o along y-axis when load is coming from 120o 

heading.  

 

5.2 Suggestion 

1. The variation of floater arm lengths may be added to be able to increase the accuracy 

in analysing the behaviours of the system.  

2. The 3D numerical modelling needs to be done meticulously, avoid any overlapping 

surface and make sure that every edge of the model is closed before conducting 

simulation on Moses. 
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a. Moses Log File  
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b. Moses Out000 File 
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c. Damping file ppo000 in Moses 
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d. Seakeeping Simulation in Moses Motion of Model Variation 1 

1.  Heading 0o. 
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2. Heading 30o. 

 

 
 

 

 



70 
 

 
 

3. Heading 60o. 
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4. Heading 90o. 
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5. Heading 120o. 
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e. Seakeeping Simulation in Moses Motion of Model Variation 2 

1. Heading 90o. 
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2. Heading 60o. 
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3. Heading 30o. 
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4. Heading 0o. 
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5. Heading 120o. 
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f. Seakeeping Simulation in Moses Motion of Model Variation 3. 

1. Heading 0o. 
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2. Heading 120o. 
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3. Heading 90o. 
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4. Heading 60o. 

5.  
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6. Heading 30o. 
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g. Mooring System Simulation. 

1. Heading 0o 

1.1 Simulation Perspective view 
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1.2 Effective Tension at End A 

 
 



85 
 

 

1.3 Effective Tension at End B 
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2. Heading 30o. 

2.1 Perspective View of Simulation  
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2.2 Effective Tension at End A 
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2.3 Effective Tension at End B 
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3. Heading 60o. 

3.1 Perspective View of Simulation 
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3.2 Effective Tension at End A 
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3.3 Effective Tension at End B 
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4. Heading 90o. 
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4.1 Effective Tension at End A 
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4.2 Effective Tension at End B 
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5. Heading 120o. 

5.1 Perspective View of Simulation 
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5.2 Effective Tension at End A 
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5.3 Effective Tension at End B 
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h. Mooring Line Specification. 
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