
1 INTRODUCTION 

The “blue growth” economy, already in 2012, repre-
sented 5.4 million jobs in Europe, generating a gross 
added value of 500 billion euros/year (European 
Commission, 2012). Apart from the mature activities 
(short sea shipping, oil and gas, coastline tourism, 
etc.), the ocean is providing new opportunities, in 
terms of aquatic products, renewable energy and 
maritime monitoring (European Commission, 2012). 
The research community has concentrated on these 
new opportunities for a long time. 

Multi-purpose offshore structures for ocean re-
source exploitation have been investigated numeri-
cally in previous works. Muliawan et al. (2013) 
combined the OC3 Hywind and a wave energy con-
verter to propose the STC concept. Cheng et al. de-
veloped a coupled model for the dynamics of a com-
bined floating vertical axis wind turbine and wave 
energy converter concept. Li et al. (2018c) proposed 
a hybrid offshore renewable energy system HWNC, 
which combines a floating wind turbine, a wave en-
ergy converter and two tidal turbines. They further 
investigated the ultimate and fatigue limit states of 
the HWNC (Li et al., 2018a, Li et al., 2019b). 

Although a series of numerical models have been 
developed, the validations of these tools still rely on 
comparative code-to-code check analysis due to the 
lack of reliable model test results. Wan et al. (2016) 
conducted an experimental study on the STC con-
cept during operational state. Mode test research on 

a floating wind turbine was reported by Li et al. 
(2018b), where an improved thrust force modelling 
approach was proposed. 

The academic and industrial significance of mul-
ti-purpose platforms are being recognized by the off-
shore engineering sector, and the European Com-
mission starts to fund relevant research. The 
H2Ocean aimed to develop an innovative design for 
an economically and environmentally sustainable 
multi-use open-sea platform (H2Ocean, 2012). The 
MERMAID project developed concepts for the next 
generation of offshore platforms which can be used 
for multiple purposes (MERMAID, 2014). Other 
relevant projects include TROPOS (Tropos, 2012), 
Space@Sea (Space@Sea, 2017), MUSES (MUSES, 
2016) , etc. More recently, the ‘Blue Growth Farm’ 
project has been initiated in order to ensure the inte-
grated, sustainable and ecological exploitation of 
open sea resources, by developing a multi-purpose 
offshore platform. This platform aims to integrate 
wind and wave energy devices (renewable energy 
generation), maritime surveillance unit (provide me-
teorological and oceanographic data) and docking 
system (accommodate specialized vessels). 

This work presents the research outcome of the 
Blue Growth Farm project - development and vali-
dation of an aero-hydro-servo-elastic coupled nu-
merical model. The coupled numerical model is de-
veloped on the basis of previous work (Li et al., 
2019a, Ruzzo et al., 2019) with the addition of con-
trol and structural dynamics modules. A Froude 
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scaled model test has been conducted to validate the 
developed coupled model. The structure of this re-
search is outlined as follows. First, the main charac-
teristics of the MPP is briefly introduced. Afterward, 
the development of the coupled model and the mod-
el test setup are interpreted in detail. Finally, this pa-
per presents a preliminary validation of the coupled 
model 

2 MULTI-PURPOSE PLATFORM 

2.1 Main characteristics 

Figure 1 sketches the multi-purpose platform con-
sidered in the present research, which is a simplified 
draft proposed in the Blue Growth Farm. Please note 
that the current model should not be taken as repre-
sentative of its final design. The main infrastructure 
is a floating platform with an inner water pool. The 
platform is based on industrialized modular concrete 
caissons technology for typical marine applications. 
Due to the modular composition of the concrete 
caissons, each module in the installation bay will be 
connected rigidly to each other before it is moved by 
tugs up to the final destination site. Details of the 
structure construction are reported in (Lagasco et al., 
2019). To meet all the platform’s own energy needs 
and to export the excess energy to the onshore grid, 
the DTU 10 MW wind turbine (Bak et al., 2013) and 
a number of oscillating-water-column (OWC) wave 
energy converters (WECs) based on the REWEC3 
patent (Malara et al., 2017) are equipped. Two 
cranes and several other docking equipment are also 
installed on the port and starboard respectively to 
support the regular maintenance so that the facility 
can be used as a sea-based recharging station. 
 

 
Figure 1. Sketch of the multi-purpose platform. 

Table 1 summarizes some critical characteristics 
of the multi-purpose platform. The main size of the 
platform is 210 m×148 m and the inner water pool 
has a dimension of 172 m×124 m. The designed 
draft is 20 m. The large deck area and buoyancy 
volume allow the platform to carry a set of equip-
ment. 
 
 
 

Table 1 Main characteristics of the platform 

Item Value 

Platform size 210 m×148 m 

Inner pool size 172 m×124 m 

Draft 20 m 

Platform Mass 2.13×108 kg 

Ixx 7.28×1011 kg∙m2 

Iyy 1.09×1012 kg∙m2 

Izz 1.80×1012 kg∙m2 
 
The platform is moored with 12 catenary lines, 

each 3 are connected to one corner. Table 2 gives the 
main mooring line properties 

 
Table 2 Mooring line properties 

Item Value 

Line length 815 m 

Mass per unit length 401 kg/m 

Diameter 0.064 m 

Axial stiffness 1.722 e+06 kN 
 

3 MODELLING APPROACH 

Given the large size (210 m × 148m), the hydroelas-
tic dynamics of the platform should be considered 
but, as demonstrated in previous investigation 
(Ruzzo et al., 2019), its impact on the global re-
sponse can be considered as negligible at first ap-
proximation. Consequently, it is acceptable to treat 
the platform as a rigid body. The coupled model, as 
shown in Figure 2, is developed in Sima developed 
by DNV GL. 
 

 
Figure 2. Sketch of the coupled model. 

3.1 Kinetics 

The kinetics of the multi-purpose platform is given 
by 
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where F and M are the external force and moment 
vectors, respectively. In the present research, they 
are the resultant loads of wind and wave. '  denotes 
the time derivatives. P and L are the linear and angu-
lar momenta matrix: 
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where m is the mass matrix and I is the inertial mo-
ment matrix; v is the translation velocity vector and 
w is the rotation velocity vector; r is the vector of 
center of mass relative to coordiante origin. The ex-
ternal loads F and M include aerodynamic load, hy-
drodynamic load, hydrostatic restoring force, and 
mooring restoring force 

3.2 Aerodynamics 

The aerodynamic load on the wind turbine is based 
on the blade element momentum (BEM) approach. 
For a floating wind turbine, the air inflow seen by 
the blade elements is unsteady so that the aerody-
namic hysteresis will occur. The Stig Øye dynamic 
wake model (Øye, 1991) is used to model the hyste-
resis effect. Additionally, the Glauert correction and 
the Prandtl factor are included to correct the BEM 
model in the case of large induced velocity and finite 
blades. 

3.3 Hydrodynamics 

Hydrodynamic loads are estimated using the poten-
tial flow theory approach. The first order linear wave 
excitation forces are generated based on the linear 
impulse response function ψ 
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where is εj the random phase of wave component j. S 
is the wave spectrum. 

In addition, the 2nd-order wave force is also 
modelled to capture the low-frequency response of 
the platform. The Newman approximation is used 
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The radiation wave force is calculated using a 
convolution model 
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h is known as the retardation function, which can 
be estimated by either the added mass or the poten-
tial damping. x(t) is the velocity. 

All the hydrodynamic coefficients used to build 
the numerical model are calculated in frequency 
domain using boundary element analysis software 

Wadam (Veritas, 1994). The panel model is 
sketched in Figure 3. 

 

 
Figure 3. Panel model of the multi-purpose platform. 

Due to the limitation of potential flow theory, no 
viscous drag force can be considered and the dynam-
ic response will be overpredicted as a result. An ad-
ditional drag force model is added to represent the 
viscous wave load acting on the platform. For trans-
lation motion (surge, heave, and pitch), a linear 
damping force model is used. On the contrary, a 
quadratic damping force model is employed for rota-
tional motion (roll, pitch and, yaw) 

The load effect of OWC wave energy converter 
can be represented by a linear force model. Assum-
ing that the air is incompressible, the mass flow rate 
through the self-rectifying turbine (positive for air 
going outward) is 

 
1 2( )m x x S= − −  (6) 

where S is the sectional area of the chamber, x1 is the 
wave elevation inside the WEC, x2 is the heave mo-
tion of the WEC. Considering that Wells air turbine 
is employed, according to (Falcao and Henriques, 
2016), the air pressure is given by 

 , 0.6803
m
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
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where Ω is the rotation speed of the air turbine and R 
is the turbine’s radius. Therefore, the load acting on 
the air turbine is 
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Assuming that x1 is proportional to x2, then the 
load effect of the WEC on the platform can be sim-
plified as a linear damping force. 

All the viscous damping coefficient is identified 
through the free-decay test carried out in the exper-
iment. 

3.4 Structural dynamics 

Structural dynamics are considered based on nonlin-
ear finite element method. The blades and the tower 
are modelled as nonlinear beam elements, while the 
mooring lines are represented by nonlinear bar ele-



ments. The dynamic equations are solved in time 
domain by using the Newmark-b method. Structural 
damping is also included by applying the global 
Rayleigh damping for all flexible finite elements. 

3.5 Control strategy 

A variable-speed torque controller and a blade pitch 
controller are incorporated into the wind turbine, 
based on the DTU 10MW reference control algo-
rithm (Bak et al., 2013). The two control systems are 
designed to work independently, for the most part, in 
the below-rated and above-rated wind speed range, 
respectively. The goal of the variable-speed torque 
controller is to maximize the power capture below 
the rated operation point. The blade-pitch controller 
is to regulate the generator power above the rated 
operation point. 

4 MODEL TEST 

The model test was performed in the wave basin at 
Centrale Nantes. The test model was scaled follow-
ing the Froude scaling method (1/40th), as shown in 
Figure 4. This paper only presents an overview of 
the experiment setup here. 
 

 
Figure 4. Model of the multi-purpose platform. 

 
The power take-off (PTO) of the wave energy 

converters to be included in this wind-wave platform 
is first modelled using individual calibrated holes 
(Horel, 2019), as it is usually done when modelling 
OWC. In order to remove uncertainties associated 
with Reynolds effects on the blades, an experimental 
approach using real-time force control air turbine to 
simulate the thrust acting on at the nacelles was be 
adopted. During the test, the real-time platform mo-
tion recorded by the motion capture system is in-
putted into the controller, which calculates the rotor 
thrust force using FAST (Jonkman and Buhl Jr, 
2005). The controller adjusts rotation speed of the 
fan to generate the desired thrust force. Such aero-
dynamic load modelling approach, as illustrated in 

Figure 5, is known as the Hardware-in-Loop (HIL) 
approach. Please refer to (Horel, 2019) for the de-
tails of the HIL algorithm. 
 

 
Figure 5. Aerodynamic load modelling algorithm. 

 
The test model is moored using four aerial lines, 
which are made of springs, elastic rope and rigid 
Dyneema. The angle between each mooring line and 
X-axis is 40 deg. The axial stiffness of each lines is 
adjusted to reach the target overall horizontal stiff-
ness. The measured overall horizontal restoring 
stiffness is given in Table 3. 
 
Table 3 Mooring restoring stiffness. 

DoF Surge Sway 

Stiffness 464 kN/m 335 kN/m 
 

5 CALIBRATION 

Prior to the validation, the numerical model is cali-
brated to ensure that the additional damping coeffi-
cient is an accurate representation of the real situa-
tion. In this research, Bplatform and BWEC are calibrated 
separately through free-decay test of the structure. In 
the experiment, two sets of free-decay test, WEC 
working and not working, were conducted enabling 
a separate identification of Bplatform and BWEC. 

In the first instance, damping coefficient of plat-
form motion Bplatform is identified through free-decay 
test with the WEC not working. Subsequently, Bplat-

form is fixed and BWEC is tuned manually until the sim-
ulated free-decay motion matches the experimental 
measurement (see Figure 6 and Figure 7). The final 
damping coefficients identified are listed in Table 4. 
 
Table 4 Additional damping coefficient 

 Bplatform BWEC 

Surge 3.5E3 kN∙s/m 0 kN∙s/m 

Sway 3.5E3 kN∙s/m 0 kN∙s/m 

Heave 1.0E4 kN∙s/m 0.5E4 kN∙s/m 

Roll 2.0E13 kN∙s2∙m 0 kN∙s∙m 

Pitch 2.6E13 kN∙s2∙m 0 kN∙s∙m 

Yaw 5.0E12 kN∙s2∙m 0 kN∙s∙m 
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Figure 6. Translational free decay (WEC working). 
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Figure 7. Rotational free decay (WEC working). 

6 VALIDATION 

6.1 Random wave 

Given the identified additional damping coefficients, 
the prediction capacity of the developed numerical 
model is validated under random waves in the first 
instance. The record duration in the experiment is 
around 10 mins, corresponding to 3800 s for full 
scale. Accordingly, the numerical simulation is set to 
3800 s. For both experimental measurement and 
numerical simulation results, only the last 3600 s da-
ta are used for analysis so as to eliminate the transi-
ent response. All the validations are presented at 
full-scale. 
 
Table 5 Statistics of platform global motions (Hs = 2 m, Tp = 18 

s). 

·  Max Min Mean Std. dev 

Surge 

(m) 

Experiment 1.20 0.22 0.21 0.31 

Simulation 1.45 0.24 0.26 0.35 

Heave 

(m) 

Experiment 0.92 -1.21 -0.01 0.35 

Simulation 1.08 -1.10 0.00 0.33 

Pitch 

(deg) 

Experiment 1.24 -1.10 -0.01 0.38 

Simulation 1.20 -1.15 0.00 0.37 

Figure 8 plots the simulated and measured plat-
form global motions over 1-hour period whilst the 
corresponding statistics are summarized in Table 5. 
 

 
Figure 8. Times series of platform global motions (Hs = 2 m, Tp 

= 18 s). 

0.00 0.02 0.04 0.06 0.08 0.10
0

5

10

15

20

25

S
u

rg
e_

P
S

D
 (

m
2
/H

z)

Frequency (Hz)

 experiment

 numerical simulation

0.00 0.02 0.04 0.06 0.08 0.10
0

5

10

15

20

25

H
ea

v
e_

P
S

D
 (

m
2
/H

z)

Frequency (Hz)

0.00 0.02 0.04 0.06 0.08 0.10
0

5

10

15

20

25

30

P
it

ch
_

P
S

D
 (

d
eg

2
/H

z)

Frequency (Hz)
 

Figure 9. PSD of platform global motions (Hs = 2 m, Tp = 18 s). 

 
The platform global motions are further analyzed 
through spectral analysis and the results are present-



ed in Figure 9. In general, an overall consistency be-
tween model test and numerical simulation is ob-
served. Both heave and pitch motions are primarily 
induced around wave frequency range due to the 
first order linear wave excitation force. A noticeable 
feature of surge power spectrum density (PSD) is 
that low-frequency response dominates surge. The 
low-frequency drift motion is induced by second or-
der nonlinear wave force. 

The ability of the numerical model to accurately 
simulate the structural loads is also assessed. Figure 
10 plots the PSD of tower base fore-aft bending 
moment. The plot shows that the structural dynamics 
is captured by the numerical model accurately, alt-
hough slight discrepancy is still observed. The tower 
base bending moment response is very similar to 
platform pitch motion, with the response excited 
around peak period of the incident wave. It inherent-
ly implies that the bending moment is mainly in-
duced by pitch motion. 
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Figure 10. PSD of tower base fore-aft bending moment (Hs = 2 

m, Tp = 18 s). 

6.2 Random wave and uniform wind 

The PSD of platform global motions and tower base 
loads in wind & wave condition is presented in Fig-
ure 11, in which the wind turbine is operational and 
the wind turbine controller is active. The statistics of 
platform global motions are given in Table 6. Gen-
erally, the agreement between experiment and nu-
merical simulation is good. 
 
Table 6 Statistics of platform global motions (V = 8 m/s, Hs = 2 

m, Tp = 18 s). 

  Max Min Mean Std. dev 

Surge 

(m) 

Experiment 2.98 0.75 1.94 0.32 

Simulation 3.82 0.88 2.26 0.44 

Heave 

(m) 

Experiment 0.92 -0.95 -0.01 0.35 

Simulation 1.18 -1.21 0.00 0.33 

Pitch 

(deg) 

Experiment 1.25 -1.21 0.00 0.38 

Simulation 1.28 -1.19 0.02 0.37 

 
The comparison between Figure 9 and Figure 11 

indicates that wind load effect on platform motion is 

not significant, particularly for heave and pitch mo-
tions as the thrust force is applied horizontally. 
Surge motion is increased, but slightly.  
 

0.00 0.02 0.04 0.06 0.08 0.10
0

5

10

15

20

25

30

S
u

rg
e_

P
S

D
 (

m
2
/H

z)

Frequency (Hz)

 experiment

 numerical simulation

0.00 0.02 0.04 0.06 0.08 0.10
0

5

10

15

20

25

H
ea

v
e_

P
S

D
 (

m
2
/H

z)

Frequency (Hz)

0.00 0.02 0.04 0.06 0.08 0.10
0

5

10

15

20

25

30

P
it

ch
_

P
S

D
 (

d
eg

2
/H

z)

Frequency (Hz)
 

Figure 11. PSD of platform global motions (V = 8 m/s, Hs = 2 

m, Tp = 18 s). 

 
The simulated tower base bending moment is 

compared to the experiment data in Figure 12, which 
confirms a reliable prediction ability of the numeri-
cal model 
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Figure 12. PSD of tower base fore-aft bending moment (V = 8 

m/s, Hs = 2 m, Tp = 18 s). 

7 CONCLUSIONS 

The development and validation of a numerical 
model for the coupled aero-hydro-servo-elastic anal-
ysis of the Blue Growth Farm multi-purpose off-
shore platform are presented. 



The numerical model employs state-of-art ap-
proaches to simulate wind turbine aerodynamics, 
hydrodynamics, structural dynamics as well as the 
couplings between them. Model test research has 
been launched and the experiment data are used to 
validate the numerical model. 

The aero-hydro-servo-elastic coupled model is 
validated for typical load cases. Overall consistency 
with model test data is confirmed, indicating that the 
coupled numerical model could be used for further 
analysis of the Blue Growth Farm multi-purpose 
platform. 
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