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Abstract: Floating offshore wind turbines promise to provide an abundant source of energy. Currently,
much attention is being paid to the efficient performance and the economics of floating wind systems.
This paper aims to develop a spar-type platform to support a 5-MW reference wind turbine at
a water depth of 150 m. The spar-type platform includes a moonpool at the center. The design
optimization process is composed of three steps; the first step uses a spreadsheet to calculate the
platform dimensions; the second step is a frequency domain analysis of the responses in wave
conditions; and the final step is a fully coupled simulation time domain analysis to obtain the dynamic
responses in combined wind, wave, and current conditions. By having a water column inside the
open moonpool, the system’s dynamic responses to horizontal and rotating motions are significantly
reduced. Reduction of these motions leads to a reduction in the nacelle acceleration and tower
base bending moment. On the basic of optimization processes, a spar-type platform combined
with a moonpool is suggested, which has good performance in both operational conditions and
extreme conditions.

Keywords: floating offshore wind turbine; spar platform; 5-MW wind turbine; moonpool;
dynamic response

1. Introduction

The South Korean government has released an ambitious plan, known as “Renewable Energy
3020”, to increase new renewable energy source power generation by 48.7 GW by 2030. The target is to
provide 16.5 GW from wind energy which includes 13 GW from offshore wind. Focusing on a water
depth of 150 m in the East Sea offshore area of South Korea, floating offshore wind turbines (FOWT)
are considered to be the best candidate to fulfill this target. The main types of floating foundations
are the semi-submersible, spar, and tension leg platforms (TLP). The semi-submersible concept is
stabilized by the water plane area of the column separation which provides a large restoring force
to the roll and pitch, and hence, requires large platform displacement. The first demonstration of
semi-submersible concepts are Principle Power (WindFloat) [1] and Fukushima FORWARD [2]. There
are also several semi-submersible model designs [3–7]. The TLP concept is stabilized by a high-tension
mooring system; for this reason, the anchor system for TLP is complex [8–10]. The spar concept usually
uses heavy ballast materials such as concrete at the bottom to provide a lower center of gravity for
stabilization [11–15].

The most reliable concept for floating platform wind turbines is the spar-type platform. The first
floating wind farm, with a 30 MW power generation capacity, began operating at the end of 2017 in
Scotland. The platform was upscaled from the Hywind concept which was developed by Statoil to
support a 2.3 MW wind turbine [16]. On the basic of the Hywind concept, The National Renewable
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Energy Laboratory (NREL) developed a spar-type platform [11], known as OC3-Hywind, to support a
5 MW offshore wind turbine [17]. The OC3-Hywind spar model has been widely used to study dynamic
responses and performances of FOWT systems. In order to compare it with other concepts, numerical
simulations and experiments were performed [18–20]. It is clear that the OC3-Hywind spar-type model
has larger a nacelle acceleration and tower base bending moment than those of the semi-submersible or
TLP types. The cause of the large bending moment at the tower-base of the OC3-Hywind spar model
is the long distance from the nacelle to the rotating point, which leads to a large horizontal translation
motion and acceleration at the nacelle, creating large inertia forces. The solution for reducing the
tower base bending moment is a reduction in the translation and rotation motions of the wind turbine
system. This paper aim to solve this issue by adding a vertical moonpool at the center of a conventional
spar-type platform. The water column inside the moonpool contributes more mass in the horizontal
direction and inertia to the FOWT system; therefore, the horizontal translation motion and rotating
motion will be reduced.

2. Model Descriptions

The spar-type floating offshore wind turbine combined with a moonpool is designed to support a
5-MW reference offshore wind turbine [17]. The wind turbine has a 126 m rotor diameter located at the
top of the tower with a hub height of 90 m above the sea water level (SWL). The tower connects to
the platform at 10 m above SWL. Table 1 describes the main parameters of the 5 MW offshore wind
turbine. The spar-type platform combined with a moonpool model has an open moonpool along the
center, inside which sea water is freely displaced as can be seen in Figure 1. Considering the 150 m
water depth of the reference site in the East Sea of South Korea, the design draft of the platform should
be shorter than the 120 m draft for the OC3-Hywind model. To obtain enough stability, the ballast
material should be concrete, in order to keep the center of mass (CM) of the total system lower than the
center of buoyancy (CB). Figure 2 shows the overview of the FOWT system. The global coordinate
system is located at SWL of the center line of the platform.

Table 1. Wind turbine specifications.

Parameter Unit Value

Design Water Depth m 150
Wind Turbine Rated Power MW 5

Hub Height m 90
Cut-In, Rated, and Cut-Out Wind Speeds m/s 3, 11.4, 25

Rotor Mass kg 110,000
Nacelle Mass kg 240,000

Tower Mass (for offshore) kg 249,718
Vertical Center of Mass (CM) of Wind Turbine (Rotor, Nacelle, and Tower) m 70.34

In this study, a conventional catenary mooring system is designed for all models of the spar-type
platform combined with a moonpool. The mooring system sustains the floating wind system via three
catenary mooring lines. Mooring line (ML) 2 is directed in the upwind direction and ML1 and ML3 are
arranged uniformly around the platform. The horizontal stiffness of the mooring system is maintained
at the same level as in the OC3-Hywind mooring system. The main parameters of the mooring line are
selected according to the fact that the mooring line used is a studless chain, the material grade is R3 [21],
and the nominal common link diameter is 90 mm. The total horizontal stiffness of the mooring system
is calculated as in Equations (1) and (2) [22] by estimation of horizontal pretension TH. The mooring
line length is set as in Equation (3).

C11,moor = µg
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where a = TH/µg, TH is the horizontal pretension, µ is the weight of mooring line per meter in
water, z is the vertical distance from anchor to fairlead, and C11,moor is the horizontal stiffness of one
mooring line.

C11,total =
3∑
1

C11,moor,i cos2Ψi (2)

Lmoor = z

√
2

Tmax

µgz
− 1 (3)

where C11,total is the linear horizontal stiffness of the mooring system, Ψ is the angle of mooring line on
the horizontal plane of the global coordinate system (here, Ψi = 60◦, 180◦, 300◦), Lmoor is the mooring
line length and Tmax is the proof load of the mooring chain.

A 2D static mooring in-house code was used to calculate the horizontal distance from anchor to
fairlead and the vertical force of the mooring was based on the pretension in the horizontal direction
TH. The total vertical force of the mooring system is used in the next step to determine the mass of the
platform. The mooring system properties are shown in Table 2.

Table 2. Mooring system properties.

Parameter Unit Value

Number of Mooring Lines - 3
Angle Between Adjacent Lines Degree 120

Depth to Anchors Below Sea Water Level (SWL) (Water Depth) m 150
Depth to Fairleads Below SWL m 41

Distance from Fairlead to Anchor m 939
Unstretched Mooring Line Length m 970

Mooring Chain Common Link Diameter mm 90
Mooring Line Mass Density in Air kg/m 178
Mooring Line Weight in Water (µ) N/m 1518.8
Mooring Line Extensional Stiffness MN 729.0

Minimum Breaking Load (MBL) MN 6.65
Total Weight Effect of Three Mooring Lines in Static Condition kgf 120,946
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3. Design Process

For the design optimization of a floating offshore wind turbine, the design process is made up
of three steps, as shown in Figure 3. The first step is hydrostatic optimization. The basic platform
geometrics and mass distribution are estimated based on the constraint conditions and with the
objective of reducing the structure mass and platform volume displacement. The second step analyzes
the hydrodynamic responses of the platform models which were selected from step 1. Considering the
total FOWT that a rigid body experiences in regular waves, the response amplitude operator (RAO)
is obtained using in-house codes of the University of Ulsan (UOU). A set of platform models with
smaller RAOs is used in step 3 for a fully coupled hydro-aero-servo-elastic dynamic simulation in the
time domain using the NREL FAST code [23]. The final model is selected considering, not only better
performance, but also the structure mass and ease of manufacturing.
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where Fthrust is the rated thrust force of the wind turbine; HB is the distance from the hub to the center 
of buoyancy of the platform; V0 is the displacement volume of the platform; Aw is the water plane 
area; m33_FOWT is the total mass of the FOWT system; A33 is heave added mass; C55 is the restoring 
coefficient of pitch; T33 and T55 are natural periods of heave and pitch. Here, I55_FOWT is the total pitch 
inertia of the FOWT, and I55-VWC is the pitch inertia of the vertical water column (VWC) about the CM 
of the FOWT system.   

Figure 3. Design processes. Note: RAO = response amplitude operator.

3.1. Hydrostatic Optimization

The main dimensions of the spar-type platform combined with a moonpool are the platform draft
h, moonpool diameter d, upper diameter d1, and lower diameter d2. The elevation to the top of the
platform above sea water level (SWL) is 10 m. These parameters are shown in Figure 4. The water
plane area is kept the same as for the OC3-Hywind model in order to draw a comparison with their
numerical simulation results. For a given moonpool diameter d, the upper diameter d1 is derived.
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The design space of the platform specification is determined from constraint conditions which are
the pitch angle of the platform at the rated pitch θ5 smaller than 5 degrees and natural periods of
heave and pitch larger than 25–30 s. Steel mass is calculated from the hull shape, which has steel
plate thickness of 50 mm (average); the ballast mass is extracted from Equation (4). According to the
distribution of the hull steel and concrete ballast, the center of mass and inertia of the platform are
derived, respectively. Equations (4)–(7) are used in this step. The variables selected for this step are
platform draft h, ranging from 55 to 100 m; moonpool diameter d, ranging from 2 to 10 m; and ballast
materials of 2300 kg/m3 and 4000 kg/m3.

ρgV0 = g(mRNA + mtower) + g(msteel + mballast)plat f orm +
n∑
1

FV_mooring (4)

θ5 =
FthrustHB

C55
(5)

T33 = 2π

√
m33_FOWT + A33

ρgAw
(6)

T55 = 2π

√
I55_FOWT + I55_VWC + A55

C55
(7)

where Fthrust is the rated thrust force of the wind turbine; HB is the distance from the hub to the center
of buoyancy of the platform; V0 is the displacement volume of the platform; Aw is the water plane
area; m33_FOWT is the total mass of the FOWT system; A33 is heave added mass; C55 is the restoring
coefficient of pitch; T33 and T55 are natural periods of heave and pitch. Here, I55_FOWT is the total pitch
inertia of the FOWT, and I55-VWC is the pitch inertia of the vertical water column (VWC) about the CM
of the FOWT system.Energies 2019, 12, x FOR PEER REVIEW 6 of 17 
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3.2. Hydrodynamic Optimization

To evaluate the hydrodynamic properties of the spar-type platform combined with a moonpool,
frequency domain analysis is applied. The process involved in this step can be seen in Figure 5.
The linear response amplitude operator (RAO) for six degree of freedoms (DOF) at the CM of the
FOWT can be obtained using an in-house code. In this step, FOWT is modeled as a rigid body, where
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only regular wave forces excite the system, and the aerodynamic load and current load are neglected.
UOU in-house codes, including the radiation solver and diffraction solver, are used to obtain the
hydrodynamic-added-mass and damping matrices (Aij (ω), Bij (ω)), and the wave-exciting force matrix
per unit wave amplitude Fi (ω). The mass matrix [M], hydrodynamic linear damping matrix [B],
and stiffness of the FOWT system [K] are obtained by running the linearization mode of the FAST
code [24]. The stiffness matrix includes the hydrostatic stiffness and linear stiffness of the mooring
system. The VWC inside the moonpool distributes the mass in the surge and sway directions, as well
as distributes the roll and pitch inertia to the FOWT system; therefore, RAOs of surge, sway, roll,
and pitch include the effects of the mass and inertia of the VWC, respectively. The RAOs are calculated
as Equation (8).

RAO(ω) =

∣∣∣∣∣∣ [F(ω)]
[K] −ω2[M + A(ω)] + iω[B + B(ω)]

∣∣∣∣∣∣ (8)
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3.3. Fully Coupled Hydro-Aero-Servo-Elastic Dynamic Optimization

The equation of motion for the FOWT under the fully coupled analysis in the time domain can be
expressed as in Equation (9).

(
Mi j + Ai j(∞)

) ..
x(t) +

t∫
0

Ki j(τ)
.
x(t− τ)dτ+ Ci jx(t) = Fi(t) (9)

Fi(t) = FH(t) + FW(t) + FV(t) + FM(t) (10)

where Mij is the mass and the mass inertia matrix of the FOWT structure, Aij(∞) is the added mass
matrix at ω =∞, Cij is the restoring stiffness coefficient matrix, and Kij is the retardation function which
is expressed by the wave radiation damping matrix Bij(ω) as in Equation (11).

Ki j(t) =
2
π

∞∫
0

Bi j(ω) cos(ωt)dω (11)
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Fi(t) is the sum of the external forces matrix, composed of the hydrodynamic forces of the platform
FH(t) including hydrostatic force, wave-exciting forces and current force; the restoring forces of the
mooring system FM(t); the viscous drag forces from Morison’s equation; and the wind forces FW(t),
including the aerodynamic forces of the wind turbine and tower drag forces. The total external forces
are expressed in Equation (10). In order to calculate the coupled effect of the VWC inside the moonpool,
the mass and the inertia of the VWC are added to the added mass matrix Aij in surge-surge, sway-sway,
roll-roll, and pitch-pitch components. Using FAST v8 [23], a fully coupled hydro-aero-servo-elastic
time domain analysis can be conducted for FOWTs. The strucutre of the FAST code is shown in Figure 6.
The primary parameters, such as the elastic model of the blades and tower, aerodynamic properties of
the blades, control schedule of generator torque and blade pitch angle, and hydrodynamic data of the
platform, are input to FAST v8 to simulate all FOWT systems under complex environmental conditions.
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To analyze the dynamic responses and loads of candidate models of the spar-type FOWT with a
moonpool, three design load cases (DLC) are selected based on the IEC standard [25]. Two of the three
DLCs are: DLC1.1, which analyzes normal wind turbine operational conditions under normal sea
state; and DLC.1.6a, which analyzes the normal wind turbine operational conditions under an extreme
sea state over a 50-year-return period. Both DLC1.1 and DLC1.6a use the normal turbulent wind
model and normal current model. DLC6.1a analyzes the parked wind turbine condition under extreme
turbulent wind speed, extreme wave and extreme current speed over a 50-year-return period. Details
of the DLCs and environmental conditions are presented in Tables 3 and 4 describes the wind, wave
and current conditions. Sea states 1-11 are normal sea states and sea state 12 is the extreme sea state
over a 50-year-return period. Irregular waves are generated based on the JONSWAP (Joint North Sea
Wave Project) spectrum by FAST. Turbulent wind models are generated by the Turbsim program [26].
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Table 3. Design Load Cases (DLCs) [25].

Item DLC 1.1 DLC 1.6a DLC 6.1a

Wind NTM NTM EWM
Waves NSS SSS ESS

Wind and wave directionality 0◦, COD 0◦, COD 0◦, COD, Yaw ±8◦, 0◦

Current NCM NCM ECM

Wind turbine status Operation Operation Parked,
blades:90◦

COD: Co-directional; ECM: Extreme current model; ESS: Extreme sea state; EWM: Extreme wind speed model;
NCM: Normal current model; NSS: Normal sea state; NTM: Normal turbulence model; SSS: Severe sea state.

Table 4. Environmental conditions.

Sea State
Mean Wind Speed

at Hub (m/s)
Irregular Wave Current Speed

(m/s)Hs (m) Tp (s)

1 4 0.78 6.20 0.37
2 6 0.78 6.20 0.37
3 8 0.80 6.22 0.37
4 10 0.94 6.32 0.37
5 12 1.60 6.83 0.37
6 14 2.26 7.34 0.37
7 16 2.92 7.85 0.37
8 18 3.58 8.36 0.37
9 20 4.25 8.87 0.37

10 22 4.91 9.38 0.37
11 24 5.57 9.89 0.37
12 39.5 11.57 14.52 1.63

Where Hs and Tp are the significant wave height and peak period of an irregular wave.

4. Results

The results from the first step give a clear design space to select the platform parameters. With each
dimension of the moonpool diameter and design draft of the platform, and for the concrete density,
the rated pitch angle is calculated for each displacement of the platform. As can be seen in Figure 7,
the smaller the rated pitch angles, the larger the displacements and the heavier the concrete density.
To optimize the parameters of the platform in this step, 12 candidate models (M1-M12) were selected,
which have rated pitch angles of about 5 degrees, being the limit of the design. By using concrete
density 4000 kg/m3, three groups of moonpool diameters and four groups of platform design drafts are
used to derive the remaining parameters of the platform for next step. The trends for steel mass and
concrete ballast mass for those models are shown in Figure 8. Table 5 describes the main parameters of
the candidate models.
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Figure 7. Relation between mean pitch angle at rated thrust force for the spar-type platform with a
moonpool wind turbine with differences in displacement, draft and moonpool diameter of the platform.
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Table 5. The main parameters for the 12 candidate platform models.

Model/Parameter
Displacement h d1 d2 d Platform Mass Platform CM

(m3) (m) (m) (m) (m) (Ton) (m)

M1 7627.55 100.00 11.93 14.22 10.00 7097.33 −79.63
M2 8430.45 85.00 11.93 15.34 10.00 7920.31 −69.22
M3 9634.80 70.00 11.93 17.12 10.00 9154.77 −58.26
M4 11,240.60 55.00 11.93 19.98 10.00 10,800.71 −46.74
M5 7627.55 100.00 8.85 11.75 6.00 7097.33 −81.56
M6 8430.45 85.00 8.85 13.09 6.00 7920.31 −70.45
M7 9634.80 70.00 8.85 15.14 6.00 9154.77 −58.99
M8 11,240.60 55.00 8.85 18.33 6.00 10,800.71 −47.15
M9 7627.55 100.00 6.80 10.30 2.00 7097.33 −82.71
M10 8430.45 85.00 6.80 11.81 2.00 7920.31 −71.18
M11 9634.80 70.00 6.80 14.06 2.00 9154.77 −59.43
M12 11,240.60 55.00 6.80 17.46 2.00 10,800.71 −47.40

Table 5 shows that the lower diameter of the platform d2 increases when the platform draft h
decreases, and as the moonpool diameter d decreases, d2 decreases. However, the platform masses of
each platform draft group are similar. Therefore, the response analysis in the frequency domain in the
second step is to optimize the platform draft. The comparisons of surge and pitch RAOs for the three
groups of moonpool diameter with different platform drafts (Figure 9) show that a 100 m platform draft
experiences the smallest response, while the 55 m draft experiences the largest. Therefore, here, three
models of the 100 m platform draft are selected for the final step. Those are: model M1, the moonpool
diameter (d) = 10 m; model M5, d = 6 m; and model M9, d = 2 m.

Before conducting the fully coupled analysis of the selected models, free decay simulation tests
were performed by applying initial platform displacement without the excitation of wave, wind,
or current. The natural frequencies were determined based on the Fourier transforms of the simulation
time histories, as shown in Figure 10. The natural frequencies of the surge, heave, and pitch were
obtained and compared with those of the spreadsheet calculation in Table 6. The calculation frequencies
of pitch are slightly larger than those of simulations because the calculation values are undamped
natural frequencies, but the simulation values are damped natural frequencies. Four models have
the same waterplane area, and total system mass, therefore their heave natural frequencies are
almost similar.

The results of the final step are shown in Figures 11–13. To evaluate the performance of the three
models, a comparison between them and the OC3-Hywind model is performed. All four models
use the same mooring system for a 150 m water depth and the same wind turbine control system.
The wind, wave, and current directions are the same at zero heading angle. Figure 11 shows the
standard deviation of wind turbine responses, tower-base bending moment My, and generator power
under DLC1.1 environmental condition. All four models show good performance and small dynamic
responses under normal operational conditions except model M1, which has larger pitch standard
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deviation near rated wind speed. However, the nacelle acceleration of model M1 is similar to that
of model M5 and both are smaller than that of model M9 and the OC3-Hywind model. In stronger
waves above 14 m/s, the average turbulent wind speed dynamic tower-base bending moments of M9
and the OC3-Hywind model are larger than those of M1 and M5. It is clear that under small wave
conditions, wind turbine performances of the three spar-type platforms with moonpools are in quite
good agreement with the OC3-hywind model. In the DLC1.6a extreme wave condition, the effects of
the moonpool can be seen clearly. Figure 12 presents the responses and load spectrums of the wind
turbines at 12 m/s average wind speed, irregular waves of significant height (11.57 m), and peak periods
of 14.52 s. Because of the large added mass and added inertia from the VWC inside the moonpool,
the surge and pitch responses of model M1 and M5 are significantly reduced, whereas the surge and
pitch responses of Model M9 and the OC3-Hywind model are similar. It should be noted that the mass
ratios between the water column inside the moonpool at still water and the platform of models M1, M5,
and M9 are 1.134, 0.408, and 0.045, respectively. The mass ratio of model M9 is quite small, therefore
the effect of the moonpool is trivial. On the other hand, a large mass ratio, such as in model M1, leads
to an increase in the pitch response at a low frequency; however, the slow motion of the surge and
pitch has little effect on the nacelle acceleration. Smaller surge and pitch responses at the wave-exciting
frequency cause a reduction in the nacelle acceleration in the x direction as well as reduction of the
tower-base bending moment My. In the spectrum of acceleration, the peak points of M1 and M5
are 13.4% and 20% of the OC3-Hywind model, and regarding the spectrum of tower-base bending
moments, the peak points of M1 and M5 are 11% and 18% of the OC3-Hywind model, respectively.Energies 2019, 12, x FOR PEER REVIEW 11 of 17 
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Figure 9. Comparisons of surge and pitch RAOs for difference moonpool diameters.
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Figure 10. Free decay simulation by FAST, (a) surge, (b) heave, and (c) pitch.

Table 6. Comparison of the natural frequencies of the model M1, M5, M9, and OC3-Hywind between
spreadsheet calculation and numerical simulation.

Natural
Frequencies Unit

M1 M5 M9 OC3-Hywind

Cal. Sim. Cal. Sim. Cal. Sim. Cal. Sim.

Surge Hz - 0.006 - 0.007 - 0.008 - 0.0085
Heave Hz 0.032 0.032 0.032 0.032 0.033 0.033 0.032 0.033
Pitch Hz 0.023 0.021 0.029 0.027 0.033 0.035 0.033 0.032

The extreme responses and loads of the four models were extracted from all time-series outputs
of the three DLCs, as presented in Figure 13. The figure shows that the maximum nacelle accelerations
in DLC1.6a of M9 and the OC3-Hywind model are over 0.3 g, where g is the gravitational acceleration;
however, those of M1 and M5 are lower than that. Under extreme environmental conditions with the
wind turbine being in parked conditions, the extreme loads and responses of M1 and M5 are smaller
than those of M9 and the OC3-Hywind model.

The final design for the spar-type platform combined with a moonpool could be model M5.
In terms of the connection between the platform and tower, model M5 is better than M1 because
the tower-base diameter is about 6.5 m. The moonpool diameter for M1 is 10 m and for M5 is 6 m.
Furthermore, the steel mass of M1 is higher than M5. Therefore, this study suggests model M5 to be
a good candidate to support the 5 MW offshore wind turbine. This model can also be scaled up to
support larger wind turbines to be installed at a water depth of 150 m.
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Figure 11. Standard deviation of models M1, M5, M9, and the OC3-Hywind model in DLC1.1 - normal
operation cases: (a) surge, (b) heave, (c) pitch, (d) nacelle acceleration, (e) tower-base bending moment
My, and (f) generator power.Energies 2019, 12, x FOR PEER REVIEW 14 of 17 
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Figure 12. Spectrum of the FOWT systems at 12 m/s turbulent wind speed, irregular wave Hs = 12.12 m,
Tp =14.17 s, and 0.37 m/s current speed.
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Figure 13. Ultimate loads and responses of the FOWT systems for three DLCs.

5. Conclusions

In this study, a new conceptual design of a spar-type platform to support a 5 MW offshore wind
turbine is suggested. This concept solves several issues associated with the OC3-hywind model, such as
the high nacelle acceleration and tower-base bending moment. It does so by placing an open moonpool
at the center of the platform. The water column inside the moonpool plays a role in increasing the mass
and inertia of the entire wind system on the x and y axes. With a large enough moonpool diameter,
the nacelle acceleration and tower-base bending moment can be reduced.

To define the parameters of the spar-type platform combined with a moonpool concept, three
designs and analysis steps were implemented. Before going through the design process, a mooring
system was designed for a water depth of 150 m. The platform mass can be estimated more accurately
in balance with the buoyancy force, wind turbine mass, and mooring weight effect. The first design
step evaluated the main parameters of the platform, which are the moonpool diameter, platform
displacement and shape, and the platform mass distribution. Twelve candidate models were defined
in this step to analyze the hydrodynamic effect of each model. Step 2 used UOU in-house codes
and the linearization mode of the FAST code to obtain amplitude responses of the platforms in the
frequency domain. For each moonpool diameter, longer draft models create a smaller surge and pitch
response. Finally, three models, all of which had the same 100 m draft and the smallest displacement,
but different moonpool diameters, were selected for the fully coupled analysis in the time domain. Free
decay simulation tests were performed to obtain the natural frequencies of those models. The natural
frequencies of the surge, heave, and pitch were compared with those of the spreadsheet calculation.
The comparison shows a good agreement between results from simulation and spreadsheet calculation.
The fully coupled analyses were carried out under several environmental conditions in the East Sea
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offshore area of South Korea. The results from the third step show that the performance and response
results of the spar-type model with the 2 m diameter moonpool are similar to those of the OC3-Hywind
model; however, the nacelle acceleration and tower-base bending moment results of the models with
10 m and 6 m moonpool diameter are significantly smaller than those of the OC3-Hywind model.
The responses and loads of the 10 and 6 m moonpool diameter models are not very different. In the
case of the model with the 10 m moonpool diameter, it has a higher steel mass and viscous drag force
caused by the larger platform diameter. Therefore, this paper suggests a spar-type platform combined
with a moonpool, which has a draft of 100 m, a moonpool diameter of 6 m, and uses heavy density
concrete for ballasting. This model can be scaled up for larger wind turbines to be installed at a depth
of 150 m, such as a 10 MW wind turbine.

In the future, we will focus on the detail design such as structure strength of the platform and the
relative motion between the water column and the platform.
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