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Abstract 

The increasing demand for energy consumption urges seeking safe, clean and renewable 

energies. In recent years, many countries have set a series of national-wide policies on 

exploiting ocean renewable energies to fulfil their goal of decarbonization. Since Japan 

possesses an immense exclusive economic zone, fully developing its own energy 

potential is the key to ensuring energy security. 

The present thesis concentrates on offshore power transmission, an essential 

research topic relating to the productivity of ocean energy development. In past 

engineering practices, submarine cables were the only feasible solution. However, its 

maintenance cost, transmission loss and sensitivity to the seabed environment restrict its 

applications. According to the deep-water environment in the surrounding seas of Japan, 

the present work proposes a floating overhead power transmission system (FOPTS) that 

uses TLP to support transmission conductors learning from the experience of floating 

offshore wind turbines (FOWTs). In addition to the numerical modelling, water tank 

experiments and wind tunnel tests are also carried out to verify the reliability of the 

system, so as to provide guidance and inspiration for subsequent research. 

Chapter II  focuses on the process and development environment of numerical 

modelling. First, dynamic modelling of the TLP system is carried out based on classical 

mechanics, and the overhead conductor are modelled using the lumped-parameter 

method. Meanwhile, the offshore wind and waves are modelled using the potential flow 

theory and the wake oscillator model. Wind-wave misalignment, turbulence effect of 

winds, and other factors were added to the model to consider the actual offshore 

environment. Using MATLAB SIMSCAPE®, each mechanical module is designed 
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separately and can be freely combined to perform efficient FOPTS numerical 

simulations. 

Chapter III  introduces the water tank experiment for verifying the hydrodynamic 

module. A TLP model is created using 3D printing and equipped with a pulley-wire 

system to study the wire response. The response of the tower-wire system under regular 

waves reveals that the sheave mechanic can effectively suppress the motion of the wire 

without changing the dynamic performance of the TLP itself. At the same time, the 

experimental results are compared with the numerical simulation, and good consistency 

is obtained to prove the reliability of the numerical model. 

Chapter IV introduces the parametric design workflow for FOPTS. Based on the 

conclusion of Chapter III , the parameters of TLP and overhead conductor are separately 

designed in the frequency domain. Based on the research of National Renewable Energy 

Laboratory (NREL) and Zhao et al. (2012), a three-legged TLP with better 

hydrodynamic performance is used to ensure the stability of overhead conductor. The 

newly designed FOPTS parameters are fully listed at the end of the chapter. 

Chapter V introduces the wind tunnel test for verifying the aerodynamic module of 

overhead conductor. The TLP motion in waves is simulated by a stepper motor, and the 

tension and motion responses of the conductor are studied under different wind and 

wave conditions. The influence of Everyday Strength (EDS) and subharmonic 

resonance on the dynamic performance of overhead conductor was observed through 

experiments. The experimental results are in good agreement with the simulation, 

proving the reliability of the lumped-parameter method and wake oscillator model in 

numerical modelling. 

Chapter VI  conducts a series of numerical simulations. Based on the environmental 
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data from the Sea of Japan, the response of FOPTS equipped with different types of 

ACSR conductors is simulated. The numerical study focuses on the safety assessment of 

the conductor, mooring line and ship navigation. It is found that different conductors 

respond differently, and an overweight conductor is more sensitive to wind and wave 

misalignment under extreme wind and wave conditions. Although an overweight 

conductor has high power transmission efficiency, they should be used carefully in 

consideration of stress safety. The effect of conductor motion on ship navigation is also 

studied, and safety clearance for daily navigation is obtained. Regarding mooring lines, 

the change of wave direction has little effect on the tendon force of the three-legged TLP, 

while the extreme wind condition affects the lower limit of tendon tension, which is the 

main factor affecting mooring safety.  The influence of the second-order wave force on 

the calculation accuracy of the conductor response is studied. It is found that when the 

EDS is small, the influence of the second-order force on the conductor response is more 

apparent, and the influence of the EDS is less than 3% when the value of the EDS is 

selected according to the design conditions, which can be ignored to improve the 

computational efficiency. 

Chapter VII  summarizes the main conclusions. When the sheave mechanic was 

introduced, it was proven effective in separating each part of FOPTS for frequency 

design. Wind-wave misalignment has a clear impact on the performance of overhead 

conductors, which should be considered in designing. For the design of the overhead 

conductor, the setting of Everyday strength (EDS) is the most critical, and subharmonic 

resonance is an essential factor to the safety of power conductor under regular sea 

conditions. Through experimental verification, the numerical model proposed in this 

study has been proven reliable. Improvements and prospects for future research are also 
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given at the end of this chapter. 
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CHAPTER I  

Introduction  

1.1 Historical background 

The oceans provide vast renewable energy resources [1-4]. Many countries have 

scheduled offshore power plants as part of their national decarbonization projects to 

confirm their energy safety (as shown in Fig 1-1). In recent years, deep-sea 

development [5-6] has been considered a positive choice in the near future.  In offshore 

development, offshore wind power (OWP), without many limiting factors of onshore 

wind farms (noise, land use, etc.), shows a potential growth in recent 10 years (as shown 

in Fig 1-2). In recent years, the price decline of wind power [7] in recent years (as 

shown in Fig 1-3) caused by technological advancement will promote the OWP 

industrialized development and lead wind power to become a mainstream energy source 

for daily life. 

 

Fig 1-1. Shares of annual net additions in power generating capacity, 2011-2021[7] 
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Fig 1-2. Offshore wind power capacity, 2010-2020[7]. 

 

 

 

Fig 1-3. Decrease for power generation costs of renewable energy, 2010-2021[7] 
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Fig 1-5. Distribution of offshore wind farms in Europe ( blue: in operation; red: under 

construction)[12] 

 

 

Fig 1-4. EEZ of Japan 
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China, the highly developed technology provides a strong guarantee for the OWP 

business. Until 2020, Japan has developed over 60MW OWP installations, including 

two deep-sea FOWTs, showing a solid technological strength to the world [16]. The 

goal for OWP installation in the future is shown in Fig 1-6. The Japan OWP will reach a 

target of 10GW in 2030 and 40GW in 2040. OWP is a vital power source for Japan's 

electricity demand and decarbonization. In addition, since the business scale is large and 

the base of related industries is wide, researchers must attract domestic and foreign 

investment and develop it into a new major industry in Japan. 

 

Fig 1-6. Installation plan on OWP of Japan [17] 

1.2 Proposal of FOPTS 

The present research will focus on the power transmission. Submarine cables are the 

only practical method for long-distance offshore power transmission [18-19]. Though 

the cost of cables has been relatively reduced with the development of material 
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A typical support structure option for the offshore wind turbine (OWT) is shown in 

Fig 1-8. From this figure, it is evident that the rigid type foundations (such as monopile, 

tripod and lattice tower) are always deployed at places within a water depth of 50m.  

Considering these situations, a floating platform, which has many advantages in deep 

waters in cost, construction, installation, and decommission [31], should be a possible 

option for the electric post of FOPTS. Therefore, the design and evaluation of FOPTS 

could gain experience from the floating offshore wind turbines (FOWT) [32-34]: 

(1) Floating foundation design 

FOWT is a complex dynamic system with a higher degree of freedom constrained 

by a mooring system. The usual floating foundation can be a spar, semi-submersible, 

tension leg, barge, or another innovative platform [35-38]. In the design of FOPTS, the 

tension-leg platform (TLP) concept is considered promising because of the significant 

motion reduction compared to other floating types without requiring a large draft like a 

spar or a spreading mooring system like a semi-submersible.  

Moreover, in the form of TLP, a small water plane can effectively reduce the 

hydrodynamic loads on the floating foundation of FOPTS. Zhao et al. [39] numerically 

studied two TLP floating wind turbines with different waterplane areas and compared 

their hydrodynamic performance, certifying that the multi-legged TLP can effectively 

restrain pitch rotation. Oguz et al. [40] studied a TLP floating wind turbine with a small 

waterplane area and experimentally proved the significant effect of underwater 

pontoons in depressing rotations. Since FOPTS is expected to have less load above the 

water (on the tower and the wire) than FOWT (on the blades and the tower), the design 

of the underwater part (pontoon, buoyancy column, etc.) is the essential aspect. 
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Fig 1-8. Typical support structure options applicable at different water depths [37] 

(2) Performance evaluation 

A reliable numerical tool is usually required for the simulation under various sea 

conditions to reduce the overall cost in practical applications. When viscous effects are 

not dominant for large-diameter marine structures, the boundary integral equation 

method based on potential flow theory is considered more appropriate in contrast to 

computational fluid dynamics (CFD) methods, owing to the computational efficiency.  

Noticeably, wind-wave misalignment, an unignorable phenomenon in offshore 

environments, should be carefully considered in the design and simulations. Many 

researchers, such as Barj et al. [41], Bachynski et al. [42] and Yoshida et al. [43], 

numerically studied the wind-wave misalignment effects on the FOWT's load and 

motion. Li et al. [44] developed a numerical model to evaluate the impact on the power 

output, an essential metric for evaluating an offshore wind farm. For FOPTS, wind-

wave misalignment is supposed to affect only the conductor wire due to the absence of 
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the wind turbine rotor. Therefore, our subsequent studies should concentrate on the 

behaviour of the overhead conductor. 

(3) Safety evaluation 

Safety evaluation for a FOWT mainly involves structural strength and mooring. 

Yeter et al. [45] assessed the ultimate strength of a jacket offshore wind turbine support 

structures at different water depths. Campanile et al. [46] proposed a selection method 

of mooring systems for FOWTs in deep water based on ultimate, accidental and fatigue 

limit state design conditions, with reference to power production, parked wind turbine 

and mooring line fault conditions. Since the primary purpose of FOPTS is power 

transmission, researchers should focus their concerns on the safety of conductor wire 

[47] and mooring system. 

Previous relevant works are somewhat limited, possibly because FOPTS is a 

newly-arisen topic. Pioneering efforts were initially presented by Zhu et al. [48], Hu et 

al. [49] and then summarized by Zhu and Hu [50]. Numerical simulations and towing 

tank experiments were carried out to test FOPTS atop triangular TLPs, and an 

optimization approach was also proposed to handle the overall system's design. 

Unfortunately, these works focused on the motion response and stability of the floater 

but gave pretty limited attention to the conductor, which ought to be the primary facility 

for transmitting the power. To fill the knowledge gap, since knowing the behaviour of 

conductor wires and their inverse interactions with the floater is essential, the dynamics 

of conductor wires are carefully modelled and studied in the present study. To this end, a 

numerical tool for simulating precisely the wire dynamics is developed in a graphical 

programming environment using Matlab®. The developed tool is validated by 
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experiment data after that. Worth mentioning is that the support TLP is re-designed to 

improve the wire's safety under extreme conditions and overcome the shortage of 

triangle TLP in Zhu [48-50]. 

 

Fig 1-9. An image of offshore overhead power transmission system 

1.4 Scope of the present thesis 

The present research aims to provide a fundamental investigation of the new proposed 

FOPTS scheme. The remainder of the paper will  be organized as follows: we first 

outline the fundamental theories and mathematical method used in this work, and the 

numerical environment applied in the research is also introduced in Section 2.6. In 

Chapter III , we perform a water tank experiment to study the tower-wire system, and 

validations to confirm the feasibility of the simulation are also attached in this chapter. 

In chapter IV, the hydrodynamics of FOPTS are improved accordingly to guarantee the 

safety of conductor wires, and a control law to adjust the wire force is applied to the 
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system, which is helpful in affecting the dynamics of overhead conductor wire. To 

validate the aerodynamic model based on the new design, we present a wind tunnel 

experiment in Chapter V. A numerical investigation for the offshore environment is 

described in Chapter VI , composite environmental factors is considered, and safety 

evaluations for conductor wires and mooring lines are conducted in the research. In 

conclusion, the numerical method developed in this study could be used in predictions 

of FOPTS dynamics with acceptable accuracy and contribute to offshore power 

development. 
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Fig 2-2. A schematic view of  TLP tower 
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functional blocks, finally assembling the FOPTS. The structural diagram of the 

numerical model is given in Fig 2-6. 

 

Fig 2-6. Diagram of numerical model 

Modules used in the numerical tool are listed as follows [68-69]: 

Table 2-1. Modules used in modelling 

(1) 
 

Solid block 

Represents a solid element with geometry, inertia, 

color, and reference frame, which could be modified 

voluntarily. 

(2) 
 

Coordinate 

transform 

Applies a time-invariant transformation between two 

frames. To connect TLPs, seabed and other parts in 

FOPTS. 

(3) 
 

Gimbal joint Joint with rotational or translational freedoms. Serve 

as the connections in the lumped-mass model of 

overhead conductors. 
 

Prismatic  

joint 

Weight
set

Wave load calculator

Anchor
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(4) 

 
Pulley 

A grooved or toothed wheel wrapped in a cord.  

Serve as the intermediate mechanism in FOPTS.  
Belt cable 

 

Cable 

properties 

(5) 

 

MATLAB 

function 

User-defined functions. Serve as hydro loads, aero 

loads, mooring forces, and restoring forces.  

MATLAB 

system 

 

Signal 

generator 

(6) 
 

Discrete 

integrator 

Create discrete integrate model, used in calculations 

for the wake oscillation model 

(7) 
 

Transform 

sensor 

Measures the relative spatial relationship between 

two arbitrary frames. Output the velocity, 

acceleration and position. 

(8) 
 

External force 

and torque 
Blocks that apply general force and torque on rigid 

body frames.  Serve as the forces calculated by (4) in 

Simcape-multibody system. 
 

Internal force 

and torque 

(9) 
 

World frame 
The global reference frame in Simcape-multibody 

system. Serve as the coordinate of the seabed. 

(10) 
 

Rigid 

transform 

Applies a time-invariant transformation between two 

frames. Transfrom the base frame by translations and 

rotations. 

(11) 
 

Bushing joint 

Joint with three translational and three rotational 

degrees of freedom. Represents the equivalent 

stiffness of mooring line. 
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(12) 
 

Mechanism 

Configuration 

Provides mechanical and simulation parameters to a 

mechanism. Parameters include gravity and a 

linearization delta for computing numerical partial 

derivatives during linearization. 
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CHAPTER III  

Water tank test for tower-wire model 

3.1 Introduction 

Water tank experiments [48, 70-71] for triangle-type TLP were performed in 2019 at the 

Research Institute of Applied Mechanics (RIAM), Kyushu University. This 

experimental research is based on the previous research by Zhu and aims to study the 

dynamics of the TLP-wire system. The remainder of this chapter is organized as 

follows: Firstly, the design aspects of the TLP are introduced in Section 3.2. Then, the 

experimental setup is clarified in Section 3.3. In section 3.4, validations for the 

numerical model and experimental results will be presented, and the feasibility of the 

proposed system will also be discussed for further research. 

3.2 Design aspects of the floating tower 

Submerged TLPs are considered the supportive platforms for FOPTS because they have 

large water plane areas for self-stabilization during transportation and small water plane 

areas for reducing wave loads during operation. The platform is of triangular shape 

since it would save materials for both hull and tethers, and the foundation could be 

placed with larger tolerances compared to a four-legged TLP. The overview of a floating 

tower is shown in Fig 3-1. The anchor is a gravity anchor. However, a suction pile, a 

driven pile or any other anchoring means may also be used depending on seabed 

conditions. Synthetic fibre ropes are considered as the tendons since they are light and 

can retain strength even when wet. 
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Fig 3-1. A conceptual design of the floating tower:  (a) top view   (b) side view.[48] 

The platform is placed so that one of its lines of symmetry is parallel with the 

transmission lines. Tubular steel towers are applied to support the transmission lines 

since they are proved to be robust for FOWT. On the tower top, a sheave is applied as 

the intermediate mechanism between the tower and one end of the conductor. Another 

end of the conductor is rigidly connected to an adjacent tower. A weight set is applied to 

strain the conductor, and the mass of the weight set (so as the conductor tension) is 

considered to be adjustable in response to external aero loads. By this consideration, the 

sag of the conductor would be limited within a safe value even in harsh environments. 
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(a) Floater  

 

(b) Tower 

Fig 3-2. TLP model for tank experiment 
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(a) Under assembling 

 

(b) Completed 

Fig 3-3. Gravity anchor model for tank experiment  

A minimum system consisting of a floating tower and two fixed towers standing in 

line with the floating tower is considered, and the properties of the system are shown in 

Table 3-2. Copper wire with a diameter of 0.9 mm is applied to represent the power 

wires. The tension of the wire can be adjusted by the weights beside the fixed towers. 

The model experiments were carried out in a water tank with a length 65 m, width 5 m 

and depth of 7 m at the Research Institute for Applied Mechanics (RIAM) of Kyushu 

University. 
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Fig 3-4. Overview of the experimental setup 

 

Fig 3-5. Photograph of the experimental setup 
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Fig 3-7. Comparison between experiment and simulation of free decay test 

Validation of the experiment result and simulation is shown in Fig 3-7. It can be 

found that the numerical model modelled by formula (2-19) can more accurately reflect 

the attenuation of TLP in waters. The motion amplitude error may mainly come from 

viscous damping and water memory damping (calculated according to Section 2.5). 

3.4.2 TLP tower motion 

The tower motion is captured by another camera set beside the water tank. Same as the 

free decay test, the weight tied to the copper wire is adjusted to make contrasts. he TLP 

response to regular wave is shown in Fig 3-8. 

The TLP motion is found to have a sudden rise when the wave period is close to 

1.5s while the copper wire is connected to a rigid point. However, while the wire is tied 

to the weight, the TLP motions are almost the same as the change of the wight and 

increase with the decline of wave frequency. 
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Fig 3-8. Comparison of the tower motion (RAO) in regular waves 

3.4.3 Wire motion  

To capture the wire motion, a small ball made of polystyrene foam (shown in Fig 3-9) is 

placed at the centre of copper wire, and a camera is applied to track the motion of the 

ball. The wire motion during different connections is shown in Fig 3-10. 

 
Fig 3-9. Motion tracking system using a polystyrene ball  
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Fig 3-10. Comparison of the conductor motion (RAO) in regular waves 

 

 

 

Fig 3-11. Comparison of conductor motion with different pretension 

Similar to the motion of the TLP tower, it can be observed that as the wave 
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CHAPTER IV  

Improvement of the TLP  tower design  

4.1 Introduction  

A previous study by Zhu [50] presents a triangle TLP to support the overhead conductor. 

However, the triangle TLP shows an over 20-degree variation in yaw under the wind-

wave misalignment condition, as shown in Fig 4-1. In significant yaw motion, a large 

deflection angle at the sheave would be caused, and the wire applied for straining the 

conductor might be wound during the operation. 

 
Fig 4-1. Statistical characteristics of the original triangle TLP obtained by Zhu[50] 

The present work aims to deepen the previous research by Zhu and Hu [50] to meet 

the demand for conductor safety. For this purpose, the FOPTS is re-designed. One of the 

critical points to be considered in the design is the TLP behaviour, characterized by the 

response amplitude operator (RAO). To avoid the weakness of a triangular platform in 
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Fig 4-2. An improved design of FOPTS: (a) side view; (b) top view. 
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Fig 4-3. Surface mesh of the immersed part of the floating foundation for numerical 

simulation 
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Fig 4-4. Frequency range considered in the design 
 
 

 

Fig 4-5. Motion RAOs of the floating tower in regular waves 
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Table 4-1. FOPTS properties 

Properties Value 

TLP 

Mass of TLP (tower + platform) 212 t 

Ballast mass (fluid) 161 t 

Displacement 620 m3 

Center of gravity (COG) [0,0,-16.5] m 

Inertia radius [7.06,7.06,9.36] m 

Side-length 20.8 m 

Tower height 50 m 

Air draft 35 m 

Natural frequencies for 6 DoFs 
 [0.18,0.18,3.50,4.10,4.10,0.24] 

rad/s 

Water depth 120 m 

Mooring line 

Initial strain / Elongation at 10% Break strength 

(EBS) 

0.2/0.55 (%) 

(Fiber rope) 

Overhead conductors 

Conductor type 
ACSR 240/410/610 mm2 

(Drake 26/7 type) 

Rated tensile strength (RTS) 136 KN 

Everyday strength(EDS) 25% RTS 

Span 300 m 

Stationary sag 4.9 m 

1st natural frequency(stational) 1.4 rad/s 
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Fig 5-1. Experimental setup: (a) schematic view; (b) photograph in the wind tunnel 
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frequency of the excitation load exerted on the tower reaches half of the wire's natural 

frequency, subharmonic resonances will happen. 

Moreover, it is worth noting that Fig 5-4(c), which represents 170% EDS of the 

prototype, exhibits more significant deviations between the experiment data and the 

simulation results. The rapid variations of the nylon line damping in the presence of a 

larger EDS may cause this. In contrast, the numerical simulation employs a constant 

damping ratio in modelling. It is found that increasing EDS leads to a decrease in the 

impact of subharmonic resonances [82-83]. Under such a circumstance, the wire motion 

driven by the tower motion takes the dominant role. 

 

 

Fig 5-3. Signal recorder for the load cell 

We also validate the numerical model by comparing the motion of the conductor. 

This validation can indicate the accuracy of the aerodynamic model. Fig 5-5 depicts the 

motion of the conductor model in the experiment. Similar to the results in Fig 5-4, the 
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deviations are generally less than 15%, except at the subharmonic resonance region. For 

high wind speeds, the error of the wake oscillation model shows a significant effect on 

simulation, wherein the deviation can reach 20%. This is probably due to that in the 

wake oscillation model. A constant parameter may not be sufficiently accurate at a high 

wind speed. In Fig 5-5(d), the simulation exhibits a more significant difference when 

the wave period approaches the subharmonic resonance region owing to the linear 

elasticity of the nylon line.  
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5.4 Conclusion 

Major conclusions from the experimental study are as follows: 

(a) The numerical simulation agrees well with the experiment. It is shown that the main 

factors affecting the accuracy of the present numerical model are the system 

damping and the nonlinear elastic property.  

(b) EDS has a remarkable effect on the conductor's motion. A low EDS may induce 

significant subharmonic resonance in moderate sea environments. A suitable EDS 

should be selected for FOPTS in the system design.  

(c) The wind speed would affect the accuracy of the aerodynamic model (wake 

oscillation model) (Reynold Number). When the wind speed is over 8m/s, the 

motion of the conductor shows a markable deviation from the experiment result. 

(d) The result of conductor tension and motion are validated with the numerical model 

and reaches a good agreement, proving the reliability of the aerodynamic module 

introduced in Section 2.5. 
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CHAPTER V I  

Numerical investigation of FOPTS 

6.1 Introduction  

In this chapter, a comprehensive numerical simulation is performed to investigate 

FOPTS response to the wind-wave environment. Section 6.5.1 will discuss conductor 

safety in view of tension, and navigational safety will be illustrated in Section 6.5.2. The 

safety of the mooring line is investigated in Section 6.5.3. For reference of accuracy, the 

effect of second wave force in the numerical model will  be discussed in Section 6.6. 

6.2 Environmental conditions 

 

(a) stable 
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Table 6-5. Vertical clearance of overhead conductors [100] 

 

  
Nature of surface Underneath 

wires, conductors, or cables 

Naked conductors with a 22KV 

operation voltage (m) 

Track rails of railroads 8.1 

Roads, streets, and other areas 

subject to truck traffic 
5.6 

Driveways, parking lots and alleys 5.6 

Other land traversed by vehicles, 

such as cultivated, grazing, forest, or 

chards, etc 

5.6 

Spaces and ways subject to 

pedestrians or restricted traffic only 
4.4 

Water areas not suitable for 

sailboating or where sailboating is 

prohibited 

5.2 

Water areas suitable for sailboating 

including lakes, ponds, reservoirs, 

tidal waters, rivers, streams, and 

canals with an unobstructed surface 

area of 

 

 Less than 20 acres 6.2 

 Over 20 to 200 acres 8.7 

 Over 200 to 2000 acres 10.5 

 Over 2000 acres 12.3 

Roads, streets, or alleys 5.6 

Roads where it is unlikely that 

vehicles will be crossing under the 

line 

5.0 
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Fig 6-16. Sag of different ACSR by the wind direction (LC 2) 

 

 

 

Fig 6-17. Sag of different ACSR by the wave direction (LC 2) 
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6.7 Conclusion 

The reliability of FOPTS is discussed in this chapter by numerical investigations. Major 

findings are listed as follows:  

(a) The ACSR conductor performs well under the environmental conditions the present 

study considered. The conductor can have an over-19-year lifetime in view of 

mechanic fatigue analysis under daily conditions. It reaches a half-RTS tolerance in 

harsh sea environments, which is acceptable for practical needs.  

(b) Design of FOPTS should consider the conductor dynamic. In the present study, 

ACSR 610mm2, which has smaller electrical resistance and the highest conductivity 

efficiency, behaves worse under the offshore environment, which should be noticed 

while the conductor option. 

(e) The most dangerous situation for the FOPTS occurs in harsh waves and strong wind 

conditions. The wind-wave misalignment significantly affects the low bound of 

tendon force. Furthermore, the Mathieu stability should be carefully considered 

because of the near-zero tension. 

(f) Given navigational safety requirements, the current design could allow vessels with 

a safe air draft to cross the sea area in typical sea environments.  

(g) The study for the second wave force effect is conducted in Section 6.6. The effect is 

lower than 3% under the design condition of a 25% RTS pretension, which is 

negligible in the evaluation of FOPTS. 

(h) The low EDS will amplify the effect of second-order wave force on the conductor. 

The effect will also become more significant when the wave is not in parallel with 

the axial direction of the conductor. 
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(i) The wind-wave misalignment will affect the conductor dynamics according to the 

simulation in Section 6.5, and the calculation accuracy is also affected by it. This 

proves that the wind-wave misalignment is an essential factor in the prediction of 

FOPTS. 
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CHAPTER V I I  

Conclusion and future work 

Floating overhead power transmission system (FOPTS) is a newly proposed solution to 

offshore power transmissions. Due to its advantages in cost and standardization process, 

the FOPTS is expected to be an option of offshore power transmission in the future 

offshore wind power (OWP) industry.  To realize the concept, there are many challenges 

to be overcome, and the following important topics have been studied in this research. 

(1) Design and improvement of a floating transmission tower foundation for FOPTS.   

(2) Development of a reliable numerical simulation method for coupled analysis of 

hydrodynamics and aerodynamics. 

(3) Safety investigation of the proposed FOPTS under extreme offshore environments. 

Experimental and numerical investigations have been carried out. A numerical tool 

has been developed in this research. The hydrodynamics model, the aerodynamics 

model, and the mooring line calculation model by using MATLAB functions, the TLP 

rigid body model by using Simscape®, have been separately developed and they are 

finally combined.  By comparing to the experimental measurements in the wave tank 

and the wind tunnel tests, it is found that the combination of a hybrid model for 

hydrodynamics and a wake-oscillation model for aerodynamics is a reasonable approach 

to model the FOPTS. This approach have been used in the numerical investigation of 

safety issues for the FOPTS in the real sea environments. 

Through the numerical investigation, it is found that the proposed FOPTS is 

hydrodynamically and aerodynamically safe under daily offshore conditions. The use of 

sheave can effectively suppress the dynamic tension of the conductor so as not to 
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exceed its rated tensile strength (RTS), which indicates the FOPTS feasibility. Other 

major findings from this study can be summarized as follows: 

(i) The frequency design is proved effective in the FOPTS study. 

(ii)  The three-legged TLP shows good hydrodynamics and affords to support the 

overhead conductor in the offshore environment.  

(iii)  Subharmonic resonance is the main factor which would affect the safety of 

overhead conductors under mild environmental conditions. It is worth paying more 

attention to the conductor dynamics at high frequencies. 

(iv) The wind-wave misalignment is essential in the prediction of overhead conductors. 

The conductor in a loose state always has a more unstable performance in the 

offshore environment. 

(v) The conductor option should also consider the environmental effect. An overweight 

conductor, which has higher power transmission efficiency, may behave worse 

under harsh conditions. 

It is worth noting that the present research aims to provide options for offshore power 

transmission and contribute to the development of offshore wind energy. However, there 

are still many challenges to overcome in order to achieve this goal.  

One problem is that the simplified QTF method used in the study may not 

accurately reflect the wave loads at low-frequency and high-frequency, which may 

affect the accuracy of the motion prediction of overhead conductors in FOPTS. A 

complete method is desired in the future. 

Another problem is the linear approximation of the conductor, which may not 

sufficient for the FOPTS. Since the conductor dynamics is an essential part of the safety 

assessment for FOPTS, a nonlinear model should be put on the table for the next step of 



                                         CHAPTER VII : CONCLUSION AND FUTURE WORK 

- 105 - 
 

the study. 

The third problem is related to the experiment. The experiments on wave-induced 

motion and wind-induced motion are performed separately to validate the 

hydrodynamics model and aerodynamics model. In the future it is expected to perform a 

model test in the wind-wave tank, in which the coupled wind-wave effect can be 

investigated directly and precisely. 

  





https://windeurope.org/
https://www.enecho.meti.go.jp/category/saving_and_new/saiene/yojo_furyoku/dl/vision/vision_first.pdf
https://www.enecho.meti.go.jp/category/saving_and_new/saiene/yojo_furyoku/dl/vision/vision_first.pdf
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