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In this paper, a six degree-of-freedom (6-DOF) motion of a floating platform equipped with a number of wave energy
converters (WECs) has been studied. Since the relative heave motion is dynamically coupled by power take-off (PTO)
mechanism, the platform responses are affected by the WECs. To examine the effect of the WECs on the platform, an
analysis of one-way coupling has been carried out. The equation of motion of the floating platform in the time domain has
been established, and the responses of the one-way coupled platform are compared with the case of the platform without
coupling effects from the WECs. The analysis shows that the damping effect from the WECs does not play a significant role
for this kind of hybrid platform. However, heave, roll, and pitch responses can be changed depending on the operational
mode of the WECs.

INTRODUCTION

As the interest in the wind energy industry has increased, wind
farms in the ocean, especially in deeper waters, have been increas-
ingly in the spotlight. Although they are considered more diffi-
cult to design and require many considerations, such as a greater
number of various external forces and stability and difficulty of
operation and maintenance, wind farms are generally less sensi-
tive to space availability, noise restriction, visual pollution, and
regulatory problems. Furthermore, the substructures and infras-
tructures of wind farms can be shared with other ocean renew-
able energy systems to reduce construction, installation, and main-
tenance costs in comparison with wind farms and other sepa-
rate energy systems. Recently, possibilities have been studied of
combining more than two different ocean renewable energy sys-
tems, such as wind, wave, or current. Lakkoju (1996) discussed
the advantages of combined power generation with wind and
waves, and Stoutenburg and Jacobson (2010) studied the effects
of resource diversity. Chozas (2012) studied the combination of
Wavestar with a wind turbine.

In particular, the combination of floating wind and wave energy
is in the development stage, and different research groups and
universities are studying the feasibility of hybrid floating wind
and wave platforms. W2Power is one conceptual example of a
floating wind–wave hybrid with a semisubmersible platform with
WECs. This system consists of two wind turbines on a triangular
support platform. The wave energy harvesting is done by using a
Pelton turbine. Another example of a floating wind–wave hybrid
is the WindWaveFloat concept proposed by Higgins (2011). It
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takes advantage of an already developed floating wind turbine,
the WindFloat platform, and adds point absorber WECs to the
platform’s structure.

Adding WECs to a floating platform to extract the wave energy
can increase the stability and damping of the structure’s motion.
Hence, the increased stability can produce more stable wind
power. In this regard, Borg et al. (2013) carried out research on
motion reduction of a floating offshore wind turbine (FOWT)
combined with a hypothetical WEC moving in heave by identi-
fying the optimal damping and stiffness values of the WEC. In
addition to the reduction in the motion, maximum energy extrac-
tion was considered simultaneously. To establish a mathematical
model, a time-domain model of dynamics of the system was con-
structed with obtained hydrodynamic coefficients, wave excitation
forces, and hydrostatic stiffness from a frequency-domain analy-
sis of the floating platform’s geometry. In a study by Liao et al.
(2013), two WECs were installed on each column of an FOWT
platform to obtain more energy and be used as an antimotion
device as well. A mathematical model for this hydrodynamic fea-
ture of the coupling system (FOWT–WEC) was based on linear
assumptions in two dimensions for simplicity. With regard to a
number of WECs combined with a platform, multibody dynamics
and hydrodynamic interactions between a semisubmersible plat-
form and 21 WECs were studied by Taghipour and Moan (2008)
in a frequency domain. A method for the performance of the
WEC was established considering the effect of the power take-
off (PTO) mechanism on the structural response. The structural
motion under regular and irregular waves accounting for various
incident wave-heading angles was simulated.

As can be seen in previous studies, the prediction of the
dynamic response of a floating platform is the most critical prob-
lem in the design stage, especially when the floating platform is
combined with other systems that can affect the overall dynamics
of the platform. In this study, a concept for a wind–wave hybrid
floating platform with four wind turbines and 24 WECs proposed
by the Korea Research Institute of Ships and Ocean Engineering
(KRISO) was selected, and its dynamic responses were investi-
gated. To see the exact motion of the full system, the interaction



54 One-Way Coupled Dynamic Analysis of Floating Platform with Wave Energy Converters

effects among all the systems composing the platform, such as
the multiple wind turbines and WECs, the substructure, and the
mooring system, must be taken into account. As the early stage
of fuller research, this study focused on the effects of the multi-
ple WECs on the motion of the platform. This can be numerically
simulated by a one-way coupling method. The mooring dynamics
are also considered in this study.

CONFIGURATION OF THE HYBRID PLATFORM

Wind–Wave Hybrid Platform

The selected wind–wave hybrid platform has four wind tur-
bines at each corner and 24 WECs (six per side), as can be seen
in Fig. 1. Figure 2 shows the geometry of the platform below
the mean water level (MWL) for hydrodynamic computation. The
top side of the main columns can support the four 3 MW wind
turbines. The substructure of the platform is the semisubmersible
type consisting of slender members such as pontoons and braces
with its mooring system. The column spacing was designed to
minimize the wake effect between turbines. The design draft of
the platform is 15 m. The platform hull weight was systematically
calculated based on each component (i.e., substructure, wind tur-
bines, and WECs). The mass properties of the platform, including
the mass moment of inertia, were calculated by considering the
displaced platform and ballast water. The details of the platform
properties are tabulated in Table 1. The water depth is assumed to
be 80 m. The origin of the platform and of each WEC is assumed
to be located at the MWL.

The overall hydrostatic equilibrium was met by using a differ-
ent hull weight for the two simulation cases. In the normal oper-
ational condition, the platform weight was set to the hull weight
without the WECs, since the weight of the operating WECs does

Fig. 1 Wind–wave hybrid platform concept

Fig. 2 Submerged platform geometry

Item Unit Value

Overall platform displacement kg 2618481000000
Column span m 150000
Draft m 15000
WEC system load kg 117771000000
Mooring load kg 3531000000
Center of gravity above keel m 13067
Roll radius of gyration about CM m 58059
Pitch radius of gyration about CM m 58065
Yaw radius of gyration about CM m 78044

Table 1 Platform specifications; CM, center of mass

not contribute to the platform weight. On the contrary, in the sur-
vival condition, the platform weight would be the total weight
including the hull and the WECs, since the WECs would be
rigidly connected to the platform in harsh environments to avoid
structural failures.

Mooring System

This wind–wave hybrid platform is moored by 12 catenary
mooring lines, each of which consists of a chain. In addition, three
clump weights are put on each mooring line with 50 m spacing
to improve the restoring force. The mooring line arrangements
are depicted in Fig. 3, and its specifications are listed in detail in
Table 2.

DYNAMICS OF A FLOATING PLATFORM WITH
MULTIPLE WECS

The WECs were designed to move vertically along the fixed
guide cylinder in Fig. 4 and generate electricity by a relative heave
motion with the platform. A linear generator is mounted on top of
the platform deck, and a shaft linked to the WECs passes through

Fig. 3 Mooring line arrangements

Item Unit Value

Number of mooring lines ea 12
Length m 600
Depth to anchors below MWL m 80
Depth to fairleads below MWL m 13
Mooring line dry mass density kg/m 32206
Mooring line wet mass density kg/m 28006
Mooring line extensional stiffness MN 1300
Chain mooring drag coefficient – 204
Clump weights per each line ea 3
Clump weight starting point from fairlead m 400
Each clump weight’s mass in air kg 191000

Table 2 Mooring system specifications
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Fig. 4 Details of WEC adopted from Kim et al. (2015)

a permanent-magnet series during power generation. So, the plat-
form and WECs can be mathematically modeled by a damper
connection with the PTO damping coefficient. The details of the
WEC system are presented by Kim et al. (2015)

As stated in the Introduction, the simulation was carried out by
using a one-way coupling method. With this method, the individ-
ual heave motions of the WECs were neglected, and the WECs
acted only as a damper to the platform.

To demonstrate the one-way coupling effect, two simulation
cases depicted in Fig. 5 were selected. In the rigid body case, the
platform and the WECs are rigidly connected to each other and do
not allow the independent motions of the WECs. That is, the entire
body, including the platform and the WECs, is assumed to be
rigid. This case can be associated with the platform survival con-
dition, when all the WECs are fixed at the platform to avoid dam-
age in harsh environments. On the other hand, the multibody case
allows the independent heave motion of the platform apart from
the WECs. The platform, with all the systems except the WECs,
is allowed to heave independently, and the WECs are assumed to
be fixed at the MWL without any motion. The one-way coupling
method cannot simulate the exact dynamics of the platform with
the interaction among all the systems, but the responses of the
platform influenced by PTO damping can be partially checked.

Except for the hull drag forces and mooring line loads, all
the wave forces, such as the hydrodynamic forces (added mass
and radiation damping force) and wave exciting force of the sub-
merged portion of the platform and the WECs, can be obtained
by WAMIT, which is the potential-based 3-D diffraction/radiation
panel program (Lee et al., 1991) and which serves as a pre-
preprocessor for CHARM3D. In the case of the multibody analy-
sis in the frequency domain, the radiation potential of the platform

Fig. 5 Simulation case configurations: top, rigid body; bottom,
multibody

was evaluated by forced motion of the platform with stationary
WECs.

The dynamic response of the floating platform with multiple
WECs was analyzed in the time domain using CHARM3D, which
is the hull-mooring coupled dynamic analysis tool developed at
Texas A&M University (Kim et al., 2001; Tahar and Kim, 2003;
Yang and Kim, 2010).

6M +A4�57�̈4t5

= fe4t5−
∫ t

−�

gr4t− �5�̇4�5d� −�gC�4t5+ fm4t5+ fPTO (1)

In Eq. 1, the equation of motion in the time domain is presented.
M is mass or mass moment of inertia, A is added mass coeffi-
cient, fe is wave exciting force, gr4t5 and gr4�5 are retardation
functions, C is hydrostatic restoring coefficient, fm is mooring
restoring force, and fPTO is PTO damping force considered only
in the multibody case. �1 �̇, and �̈ are displacement, velocity, and
acceleration of the platform motion, respectively. The equation of
motion of mooring lines was established by Garrett (1982), and
its restoring force was numerically computed by Ran et al. (1999).

In the rigid body case, the equations of six degree-of-freedom
(6-DOF) motion of the platform in the time domain can be
straightforwardly derived based on rigid body dynamics and the
hull-mooring coupled analysis technique. In the multibody case,
the modification of mass, added mass, radiation damping, PTO
damping, and hydrostatic restoring are required because of the
one-way coupling effect. In particular, the equations of motion of
heave, roll, and pitch need to be properly modified, since these
modes are strongly related to the vertical sliding of WECs and
PTO damping between the platform and WECs. The following
modification procedure shows how the equations of motion for
the multibody case are established in the time domain.

Modification of Mass Matrix

To establish the 6-DOF mass matrix of the floating platform,
the mass contributions to each mode are checked. In the case
of surge, sway, and yaw, the platform mass or mass moment of
inertia with WECs is the same as in the rigid body case, because
the platform and all the WECs move along those directions (surge,
sway, and yaw) as if the entire system were one rigid body. For
this reason, there are no modifications of the mass matrix in the
surge, sway, and yaw modes. In the case of heave, the mass of
the rigid body case includes the mass effect of each WEC, but
that of the multibody case should not include the inertia effect of
the WECs (Eq. 2). In the case of roll and pitch, the mass moment
of inertia of both cases includes the mass effect of each WEC,
but the radii of gyration in each mode are about the platform’s
origin for the rigid body case and about each WEC’s origin for
the multibody case (Eqs. 3 and 4) (Taghipour and Moan, 2008).
Hence, the configuration of the six-by-six mass matrix would be
a different form from the typical mass matrix of a floating body:

M33 =mP (2)

M44 =mP r
2
xx1P +

24
∑

n=1

mWECn
r2
xx1WECn

(3)

M55 =mP r
2
yy1P +

24
∑

n=1

mWECn
r2
yy1WECn

(4)

where m is the mass, and rxx and ryy are the radii of gyration in
roll and pitch about its own origin, respectively. The subscripts of
P and WECn represent the platform fully equipped except for the
WECs and the n-th WEC, respectively.
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Fig. 6 Added mass in (a) heave and (b) roll and pitch

Modification of Added Mass Matrix

In the time-domain equation of motion of the floating platform,
the added mass at infinite frequency is required, as can be seen
in Eq. 1. Other than the heave, roll, and pitch modes, the added
masses of the rigid body case and multibody case are assumed to
be identical for the same reason explained above. However, the
heave, roll, and pitch added masses should be computed by con-
sidering independent platform motions apart from WECs. This
can be done using the WAMIT multibody analysis method with
one platform and 24 WECs that are moving independently. Thus,
the platform added mass can be calculated together with the effect
of the adjacent WECs. For one-way coupling, only platform added
mass is taken, and the remaining added mass terms, such as
WECs or platform-WECs coupled terms, are not used. The plat-
form added masses in heave, roll, and pitch are shown in Fig. 6.

Modification of Damping Matrix

The damping effects in this system consist of three major com-
ponents: radiation damping, PTO damping from WECs, and vis-
cous damping of the floating structures. In the time-domain analy-
sis, the radiation damping can be calculated by a convolution inte-
gral between a retardation function and a body velocity. Thus, the
radiation damping of the multibody case in heave, roll, and pitch
results in the different retardation function from the rigid body
case. Figure 7 represents the radiation damping of the platform.
Increases in radiation damping in heave, roll, and pitch within
almost all frequency ranges are observed for the multibody case.

PTO damping is a unique damping resource that arises from
the WEC system. In general, PTO damping is generated by the
power conversion mechanism, and it is hard to define as a con-
stant value. In this study, however, the PTO damping value is
assumed to be constant (12,090 kg/s) regardless of the relative
heave velocity between the platform and WECs. This value was
obtained from the previous optimization study by Cho and Choi
(2014). If constant PTO damping is assumed, the total damping
effects from the WECs on the platform can be straightforwardly

Fig. 7 Radiation damping in (a) heave and (b) roll and pitch

Fig. 8 Heave mode of the multibody case

Fig. 9 Rotational modes (roll, pitch) of the multibody case

calculated in heave, roll, and pitch modes, as in Eqs. 5–7:

B33 =

24
∑

n=1

cPTO (5)

B44 =

24
∑

n=1

y2
g1WECn

cPTO (6)

B55 =

24
∑

n=1

x2
g1WECn

cPTO (7)

In heave, the PTO damping effect on the platform motion can
be simply obtained by summation of each of the damping coeffi-
cients, cPTO (Eq. 5), as can be seen in Fig. 8. The PTO damping
contribution to the roll and pitch modes in Fig. 9 can be calcu-
lated in a similar way, but the distance from the platform origin to
each WEC, xg1WECn

or yg1WECn
, should also be considered (Eqs. 6

and 7) because the relative velocities between the platform and
WEC differ depending on the location of each WEC.

The other damping component comes from the viscous drag of
the submerged part of the floating platform. Viscous damping is
typically regarded as a nonlinear term and can be included in the
time-domain equation of motion by a numerical technique.

Modification of Hydrostatic Restoring Matrix

The water plane area is the key variable that determines the
heave hydrostatic restoring coefficient. In this regard, the heave
hydrostatic restoring coefficient of the rigid body case includes the
water plane area of all WECs as well as the area of the platform,
whereas the multibody case should only account for the water
plane area of the floating platform, AWPP

(Eq. 8). The hydrostatic
restoring coefficients of roll and pitch depend on the water plane
area moment of inertia of the platform and each WEC, ïPGMP

and ïWECGMWEC (Eqs. 9 and 10):

C33 =AWPP
(8)

C44 = ïPGMT P +

24
∑

n=1

ïWECn
GMT WECn

(9)

C55 = ïPGMLP +

24
∑

n=‘

ïWECn
GMLWECn

(10)

Modification of Wave Exciting Force

The wave exciting force can be obtained from the diffraction
potential according to the potential theory. In the case of surge,
sway, and yaw, the wave exciting forces are the same as the result
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Fig. 10 Wave exciting force in (a) heave and (b) roll and pitch

from the rigid body case. For the multibody case, the heave, roll,
and pitch exciting forces are obtained by the multibody analy-
sis considering independent WECs. Therefore, platform exciting
forces in those three modes show the different results from those
of the rigid body analysis, as can be seen in Fig. 10. In this figure,
the platform exciting forces in heave and pitch are presented when
the incident wave-heading angle is 0 degrees.

Heave Response Amplitude Operator (RAO) in the
Frequency Domain

Figure 11 shows heave RAOs of the platform calculated in
the frequency domain by using WAMIT. The linearized damping
coefficient from the free-decay experiment conducted by KRISO
was also included in the RAOs. In Fig. 11a, the results between
the rigid body case and multibody case are compared. The slight
differences between rigid and multibody RAOs were caused by
the different system properties stated above. To demonstrate the
effect of the PTO damping, heave RAOs of the multibody case
with and without PTO damping are checked, as can be seen in
Fig. 11b. Overall, the heave RAOs of the platform were hardly
influenced by the PTO damping. It is because the relative magni-
tude of linearized viscous damping was much greater than PTO
damping, so platform heave RAOs were mostly influenced by the
viscous damping.

PLATFORM RESPONSES IN TIME DOMAIN

The submerged body has two planes of symmetry, and each side
has approximately 3,000 panels including WECs. The hydrody-
namic forces calculated by WAMIT were converted to the corre-
sponding time-domain forms. The viscous drag forces of the hull
and mooring lines were calculated at each time step at the instan-
taneous body and free-surface positions by using the Morison
equation. The drag coefficients CD for the four vertical columns
and the pontoon were taken to be 1.2. The drag coefficient of the
pontoon diagonal brace was taken to be 0.6. For the calculation
of the loadings on the mooring lines, the inertial coefficient was
taken to be 2, and the drag coefficients were set to 2.4 for the
chain. The wave particle kinematics above the MWL were gener-

Fig. 11 Heave RAOs in the (a) rigid body and multibody case
and (b) the multibody case with PTO damping effect and without
PTO damping effect

Fig. 12 Wind speed at (a) hub height and (b) spectrum

ated by using the uniform extrapolation technique. The nonlinear
viscous drag forces also contributed to the nonlinear slowly vary-
ing motions.

As external loadings, wind, wave, and currents were included in
the present simulations. All these loadings were collinear and their
headings were fixed at 0 degrees. The mean wind speed at the hub
height was 12.84 m/s (Fig. 12), and the resulting wind loadings
were applied to the platform. The wind loadings on the wind tur-
bines were simply included in the platform dynamics by the drag
force acting on the blade-swept area and estimated drag coeffi-
cient, which is derived by an equivalent nacelle thrust force from
the aero-elastic-control-floater-mooring coupled dynamic analysis
of FOWTs (Bae et al., 2011).

For the wave condition, the JONSWAP wave spectrum with
significant wave height Hs of 5.93 m, peak period Tp of 10.81 s,
and peak parameter � of 2.2 was used as shown in Fig. 13. The
wave loadings in this study included only first-order wave force
for simplicity, and second-order sum or difference wave forces
were not included in the analysis. The current speed at the surface
was assumed to be 1.75 m/s.

The natural frequencies of the 6-DOF motion of the plat-
form were derived by numerical free-decay analyses performed
by using CHARM3D in the time domain. The natural frequencies
are given in Table 3.

For the rigid body case, the natural frequencies of the plat-
form were obtained assuming that the entire system, including
four wind turbines and 24 WECs, was rigid without any elasticity
or independent motion of WECs. It is seen that all of the nat-
ural frequencies were located below the lowest wave frequency
of appreciable energy. Heave, roll, and pitch natural frequencies

Fig. 13 Wave (a) elevation and (b) spectrum

Mode Rigid body (rad/s) Multibody (rad/s)

Surge 0.0551 0.0549
Sway 0.0552 0.0549
Heave 0.3689 0.3013
Roll 0.4036 0.3296
Pitch 0.4049 0.3308
Yaw 0.0392 0.0392

Table 3 Platform natural frequencies
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Fig. 14 Platform (a) surge motions and (b) spectra

Fig. 15 Platform (a) heave motions and (b) spectra

were relatively close to the wave frequency range but still had
enough margins to the peak wave frequency (0.5812 rad/s). The
natural frequencies of the platform for the multibody case were
the results including four wind turbines but considering WECs to
be independent. Compared with the rigid body case, the heave,
roll, and pitch natural frequencies were shifted to an even lower
frequency range. However, there were negligible differences in
surge, sway, and yaw natural frequencies between the rigid body
case and the multibody case. Thus, the current design of the float-
ing system, including four turbines, initially seems acceptable in
an offshore wind-wave environment.

Irregular wave tests were also carried out in the time domain.
The total simulation time was 4,000 s, including an initial 400 s
of ramp time. Statistics were obtained based on the time series
from 400 s to 4000 s to eliminate the effect of initial transient
responses.

Figures 14–16 represent the time histories of the platform
motion in surge, heave, and pitch, respectively. The surge response
in the rigid body case and multibody case did not make a signif-
icant difference because there is no significant difference in the
surge equation of motion for both cases. However, the platform
heave and pitch show noticeable differences between the rigid
body case and multibody case. The peak occurred near the peak
frequency of the incident wave. The platform heave response of
the multibody case is relatively small because of the different sys-
tem properties. In Table 4, the standard deviation of the multibody
case is reduced by approximately 12.96%. The pitch response of
the platform in the rigid body case has two peaks. One is at the
platform pitch natural frequency and another is near the peak fre-

Fig. 16 Platform (a) pitch motions and (b) spectra

Max Min Mean STD

Surge (m)
R 2403146 20.1116 21.4075 0.6084
M 2403544 20.2112 21.4944 0.6007

Heave (m)
R 003304 −101574 −004115 0.2346
M 000226 −103471 −006381 0.2042

Pitch (deg)
R 004836 −105651 −004752 0.2951
M 002876 −109134 −007339 0.3193

Table 4 Platform motion statistics (R, rigid body; M, multibody)

quency of the incident wave. In the multibody case, only one peak
occurred near the wave peak frequency since there was almost no
wave energy at the pitch natural frequency of the multibody case
(0.3308 rad/s). Even with the PTO damping effect, the platform
pitch response in the multibody case is larger than in the rigid
body case, showing an increase rate of approximately 8.2% in the
standard deviation.

The associated mooring line top tensions are also checked. This
platform has 12 catenary mooring lines, as depicted in Fig. 3.
Since the arrangement of the mooring lines is symmetrical against
the environmental loading, only the results of two lines are pre-
sented below. Line 2 is in the lee side position, and Line 8 is
located on the weather side.

The mean values between the rigid body and multibody cases
of lee side lines do not make big differences, as can be seen in
Fig. 17. Interestingly, the standard deviations of the multibody
case are greater than those of the rigid body case by 29.6%, even
with a larger damping effect from the WECs. It is because the
top tensions of lee side lines are mainly affected by the platform
pitch response (Fig. 16).

Line 8, whose top tension response is mostly influenced by the
platform surge, is the most tensioned line during the simulation
(Fig. 18). The statistics in Table 5 show that the standard deviation
of the multibody case is reduced by 2.33% compared to the rigid
body case.

Fig. 17 Top tension (a) time histories and (b) spectra of Line 2

Fig. 18 Top tension (a) time histories and (b) spectra of Line 8
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Max Min Mean STD

Line 2 (kN)
R 259032 224.73 246.39 3092
M 263049 218.50 246.64 5008

Line 8 (kN)
R 2919058 1719.53 2032.35 159027
M 2958097 1705.32 2021.94 155057

Table 5 Mooring line top tension statistics (R, rigid body; M,
multibody)

CONCLUSIONS

In this study, the coupled dynamic responses of the floating
platform with WECs have been simulated and investigated by a
one-way coupling technique. For one-way coupling, only WECs
play a role as a PTO damping to the platform response, and
the platform motion does not cause any dynamic effect on the
WECs. To check the effect of WECs on the platform response,
WECs are assumed to be statically positioned at the MWL, and
the floating platform moves under the influence of the PTO damp-
ing of the WECs induced by the relative heave motion between
the platform and WECs. This one-way coupling cannot fully rep-
resent the real platform–WECs coupled dynamics because only
one-directional communication (WECs to platform) is taken into
consideration. However, it is still enough to estimate the damp-
ing effect of WECs on the platform. Aside from the effect of
the WECs, the environmental loadings and mooring line dynam-
ics are also simulated by the hull-mooring coupled analysis mod-
ule CHARM3D. The hydrodynamic coefficients were obtained by
WAMIT by assuming a rigid floater with WECs for the rigid body
case and independent WECs and platform for the multibody case.

From this study, it is seen that the damping effect of WECs
does not significantly change the platform responses. The differ-
ent responses of the platform are mainly due to the different sys-
tem properties, including mass differences depending on the mode
of operation. Added mass, radiation damping, and wave excit-
ing force also show slight differences between the rigid body and
multibody case and contribute the different natural frequencies of
the platform. The mooring line top tensions are also of interest
in this study. The lee-side lines, which are slack during the sim-
ulation, show a different trend than the weather-side lines in that
surge is the dominant factor for the tension for the weather-side
lines. In addition, shifted pitch natural frequency for the multi-
body case differentiates the top tension responses from those of
the rigid body case. Consequently, the present analysis shows that
the dynamic interaction effect between the floating platform and
multiple WECs is very important to the design of the wind–wave
hybrid platform and should be considered simultaneously to cap-
ture any unexpected dynamic responses or damping effects from
the WECs.

In this study, the rotor dynamics, including aero-elastic con-
trol of four wind turbines, were not been considered for the
sake of simplicity. For more appropriate analysis, the fully cou-
pled dynamics between aero-elastic-control-rotor-floater WECs
are to be considered in the future by using multiple-unit FAST-
CHARM3D (Bae and Kim, 2014) and a two-way coupling tech-
nique.
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