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ABSTRACT 

Floating wind solutions have developed significantly in the 

recent years, moving from single demonstrators to having 

several floating wind pilot wind farms currently under 

development and even in operation. This is an important step for 

the industry allowing the market to gain confidence in these 

solutions for offshore wind. Ideol is a leading floating platform 

designer and they have been working on a demonstration project 

for their innovative platform in France. The Floatgen 

demonstration project consists of a 2MW wind turbine mounted 

on the Damping Pool platform. During the design phase of the 

project, the coupled analysis of the full system – turbine, tower, 

floating platform and moorings needs to be carried out to verify 

the loading on the turbine and platform, adapt the turbine 

controller for the floating application and re-design the tower and 

transition piece. For this project, DNV GL performed the afore-

mentioned analysis in Bladed whilst Ideol performed parallel 

analysis in OrcaFlex, focusing on the platform and mooring 

design. It is crucial that both numerical models used in the 

different software tools and parallel analysis workflows are 

equivalent and lead to the same overall system behavior. This 

paper describes the numerical model used for coupled analysis 

in Bladed and its verification against Ideol’s OrcaFlex model, 

with emphasis on the aspects related to the platform modelling. 

For the hydrodynamic loading of the platform, boundary element 

method was considered together with global and local viscous 

drag terms. To compare and verify the coupled model results in 

Bladed to Ideol’s own numerical results, a set of static and 

dynamic tests were run and the resultant kinematics were 

compared. Ideol’s model was previously validated against tank 

test experiments giving confidence in its behavior. The viscous 

drag coefficients in the Bladed model were adjusted to ensure a 

good agreement between the kinematics of Ideol’s model of the 

system and the Bladed model. This paper summarizes the results 

of this verification exercise, along with some recommendations 

on areas of further research in the floating wind modelling 

domain. 

INTRODUCTION 

Floating wind projects have many stakeholders leading to a large 

number of interfaces. This is particularly critical during the 

design stage and it is common within a project to have several 

numerical models for the same floating system. These models 

are typically created for the design of the different components, 

namely: 

- Mooring line design 

- Platform design  

- Wind turbine / Tower / Controller design 

- Marine operations 

At the present stage of the industry, the platform designer 

normally proceeds with the validation of their numerical model 

of the coupled system using experimental tank test data. The 

other numerical models of the system will then use this validated 

one as a baseline to perform the verification of their models on. 

This paper will be focusing on the verification step of the design 

process.  

This work was carried out within the Floatgen project. Floatgen 

is a 2MW wind turbine mounted on an Ideol damping pool 

platform. The turbine will be operating at the SEM-REV site near 

Saint-Nazaire in France. Within this project there were several 

numerical models with different levels of detail to be modelled 

for various components. For the Floatgen project DNV GL 
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Renewables Advisory designed a new tower of the system and 

optimized the controller of the turbine for the floating application 

[1]. These two tasks were carried out using Bladed [2] as the 

coupled simulation code. Given the nature of the project, it is not 

only required to have a good representation of the turbine, but 

also a good representation of the system dynamics in the floating 

environment.  

On the other hand, Ideol, as the platform and mooring designer, 

had an OrcaFlex [3] numerical model for the platform that was 

validated using tank test campaign data. The OrcaFlex model 

was then used as the baseline to calibrate and assess the accuracy 

of the Floatgen Bladed model.  

 

The verification of the numerical models is deemed as an 

essential part of the project as it reduces the uncertainty in the 

numerical models and therefore reduces risks. During the 

validation/verification exercises a group of test cases are 

normally used to estimate coefficients and then a group of other 

simulations is used to assess the suitability of the new model. 

The verification exercises normally comprise the following type 

of tests:  

- Structural checks  

o Comparison of the total mass of the system, location of 

the Centre of Mass (CoM) and inertia tensor. 

Comparison of most important coupled modes of the 

system (frequency and mode shapes if possible). This 

paper will however only focus on the following 3 tests. 

- No wave or wind 

o Calm water: the models are evaluated at rest. Static 

positions are compared. These tests allow to assess the 

mass and buoyancy properties of both models.     

o Static equilibrium - an external constant force and/or 

moment is applied in both models and the new static 

equilibrium between models is compared. These tests 

are relevant to assess the stiffness properties of the 

system (e.g. hydrostatic and mooring line stiffness).   

o Decay tests - an initial displacement of the structure is 

imposed and then left to decay until the equilibrium 

position is reached. These tests aim to provide 

information of the mass and stiffness of the system 

along with important information on the models’ 

damping.  

o Forced oscillation – the displacement of the structure is 

imposed, and the input loads on the structure are 

measured. This tests are quite informative as they allow 

the collection of information on the hydrodynamic 

loads at different frequencies (e.g. viscous forces at 

different Reynolds numbers).  

 

- Regular waves - No Wind  

o A group of regular waves can be used to estimate the 

response amplitude operators of the system (RAO). 

These tests provide useful information on response 

magnitudes and locations of natural frequencies of the 

system.  

 

- Irregular Waves - No Wind   

o A set of irregular waves should be run in order to assess 

the behavior of both models during realistic and 

complex wave conditions. These wave conditions 

should cover a large range of wave properties with 

statistical properties used as metrics for comparison.  

The emphasis of these tests should be on extreme waves 

as it will expose where the numerical models reach their 

limitations.  

 

This paper will describe a verification study done between 

Ideol’s OrcaFlex model for their 2MW Floatgen platform and the 

coupled wind turbine analysis software Bladed. We will first 

describe the two numerical codes, then the floating project 

looked at and the tests performed. The results from the 

comparisons are then presented. Finally, conclusions from the 

comparisons are drawn and recommendations for future work 

given.  

 

 

 
FIGURE 1 – ILLUSTRATION OF THE IDEOL FLOATING 
PLATFORM. THE ‘SKIRT’ IS SEEN SUBMERGERGED AS THE 
SMALL LEDGE PROTRUDING FROM THE OUTSIDE OF THE 
RECTANGULAR STRUCTURE 

 

 

COUPLED ANALYSIS – BLADED  
 

Bladed is a multi-body dynamics based aero-hydro-servo-elastic 

software. The rotor aerodynamics are modelled using the Blade 

Element Momentum Theory with a number of engineering 

model adaptations such as different dynamic wake model(s), 

Glauert skew wake correction, stall hysteresis formulation(s), 

etc. The structural dynamics follow a multi-body dynamics 

approach, where flexible bodies are modelled using modal 

reduction of Timoshenko beam finite element matrices. Blades 

can be composed of more than one flexible body, and thus 

allowing the representation of non-linear dynamics present in the 

very large, flexible blades seen on the current generation of wind 

turbines. The wind turbine controller can be completely user 

defined and with any degree of complexity, by using an external 

DLL. Furthermore, the dynamics of the main systems in the 
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turbine can also be modelled such as pitch actuators, generators, 

etc. More details can be found in the theory manual [1].  

 

The Bladed wind turbine modelling code has been thoroughly 

validated on a large number of projects (see list in [1]).  Bladed 

hydrodynamic modules have been validated in several 

commercial floating wind projects. Bladed has also been part of 

the international research projects OC3, OC4 and OC5 [4] and 

[5] with successful results. Two different hydrodynamic theories 

are implemented in Bladed: 

 

Morison’s equation theory 

In this method, the hydrodynamic loading is applied to each 

member of the support structure using the relative motion form 

of Morison’s equation. The implementation of this theory in 

Bladed includes the following features: 

• Drag coefficients (𝐶𝑑 )  and added mass coefficients 

(𝐶𝑚) are defined member-wise and load is applied 

along the members, perpendicularly to their axes, 

considering their instantaneous position. 

• Asymmetric 𝐶𝑑 and 𝐶𝑚 for modelling of non-circular 

member cross sections. 

• The ME is implemented in Bladed to also account for 

axial forces on the element, important for heave plates. 

• Hydrostatic and dynamic pressure forces are applied 

member-wise, using the instantaneous position, with 

tapering of elements also allowed. 

• Wheeler stretching is applied to water particle 

kinematics and dynamic pressure. 

• MacCamy-Fuchs approximation is available to account 

for diffraction effects under specific conditions. 

 

Boundary Element Method (BEM) theory 

A BEM solution quantifies a set of frequency dependent 

hydrodynamic coefficients for the body geometry for the 

solution of the radiation problem, and the wave excitation force. 

During a simulation, Bladed uses this data to compute the 

resulting hydrodynamic loading on the structure based on the 

Cummins equation.  

 

The implementation of this theory in Bladed includes the 

following features: 

• First order linear potential flow theory. Second order 

effects can be modelled via an additional module. 

• Excitation (incident + diffraction), radiation and 

hydrostatic forces applied to either a single or multiple 

rigid hydrodynamic bodies. 

• Viscous drag included through use of Morison’s CD 

applied member-wise (in transversal and/or in 

longitudinal directions), or as a global viscous drag. 

 

In Bladed it is also possible to define hybrid models, where the 

support structure can be modelled as a combination of both 

Morison and BEM hydrodynamic theories, applied member-

wise. 

 

For the Ideol platform a BEM hydrodynamic model with added 

drag terms was used. The hydrodynamic data was created using 

AQWA by Ideol, and the same data was used by both models 

(Bladed and OrcaFlex). The effect of the moonpool was included 

in this hydrodynamic data and is seen in the solution to the 

radiation and diffraction problem. 

 

As the BEM methodology assumes an inviscid fluid it is then 

necessary to add some viscous effects to the model. For the Ideol 

platform this is done in Bladed using linear and quadratic global 

damping terms. It is also expected that the skirt, see Figure 1, of 

the Ideol platform will provide significant amounts of viscous 

damping. This has been modelled using the Morison’s equation 

for the skirt, based on the relative velocity of the water particle 

kinematics and the structure. The formulation for this is shown 

below where axial drag was added to 12 Morison elements 

placed around the skirt and pointing vertically (circles in Figure 

2).  

𝐹𝑎𝑥𝑖𝑎𝑙 =  −
1

2
𝜌𝑢𝑡|𝑢𝑡|𝐷𝐿𝐶𝑑 

(1) 

Where 𝐶𝑑 is the drag coefficient, 𝜌 is the water density of 1025 

kg/m³, 𝐷 is the member diameter arbitrarily set to 1.205m, 𝐿 is 

the member length arbitrarily set to 0.1m and 𝑢𝑡 is the relative 

velocity between the water particles and the element. 

In general, all the BEM hydrodynamic load is output at a single 

point by the flow solver, which means if a single body is used to 

represent the whole structure, only one single output is available. 

When a single BEM loading node is used, global drag terms may 

be required (if it is not possible to characterize the Morison 

viscous drag terms). It is also possible to discretize the 

hydrodynamic loads into various sections of the structure using 

the methodology presented in [6] or perform an analysis of the 

system using multiple hydrodynamic bodies, as done by Ideol in 

OrcaFlex in [7].  

 

The main properties of the model are summarized in Table 1. In 

Bladed the platform was modelled as a rigid body with the mass 

properties included as a 6x6 mass matrix at the CoM of the 

platform. From the transition piece upwards structural flexibility 

was included and the tower elements were modelled explicitly in 

Bladed. Some additional elements were included in the model to 

specify the localized axial damping at the platform skirt, as 

previously discussed, and members connecting to the fairlead 

locations. These elements were defined as rigid. A representation 

of the Bladed model is provided in Figure 2.  
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FIGURE 2 – STUCTURE OF THE BLADED IDEOL PLATFORM 

 

 
TABLE 1 – SUMMARY OF HYDRODYNAMIC MODEL 
PROPERTIES IN BLADED 

Property Model  

Hydrostatic  Linear hydrostatics 

Radiation forces   BEM - Impulse response 

functions (IRF) 

Excitation forces BEM  

Global viscous damping  Linear and quadratic 

damping (calculated based 

on global platform velocity)  

Local viscous drag Axial viscous drag to 

represent the skirt of the 

platform.  

Structural Modelling Platform considered to be 

rigid. Tower and blades 

considered to be flexible. 

 

 

In Bladed, moorings can be modelled as either quasi-static 1D or 

2D look-up tables, or using a full dynamic mooring model. For 

this project a look-up table of force of the mooring lines for 

various levels of horizontal and vertical fairlead excursion was 

used.  

 

IDEOL – NUMERICAL MODEL  
 

Ideol performed the validation of the platform numerical model 

in OrcaFlex. The OrcaFlex model has similar capabilities to the 

Bladed hydrodynamic modelling. For these tests, given the 

turbine was not operating, the major differences are related to 

mooring line modelling and the structural engines used. The 

OrcaFlex model has a full representation of the lines as part of 

the multibody problem. This includes hydrostatic and 

hydrodynamic inertial and viscous forces applied to the lines. 

Whereas in Bladed, for this project, only a look-up table with the 

loading of the mooring lines at the fairlead for different 

excursions were used. Bladed uses modal reduction for the 

structural dynamics of the flexible bodies whereas OrcaFlex uses 

a full 3D finite element approach with no reduction. There are 

also some small differences on the implementation of the 

hydrodynamic loads, namely:  

- OrcaFlex only considers the top half of the coupled 

terms for the IRF whereas Bladed uses all the coupled 

terms (top and bottom half coming directly from the 

flow solver). 

- Different wave stretching approaches, Bladed uses 

Wheeler stretching whereas for the OrcaFlex model 

vertical stretching was used.  

- Slightly different methodologies for the calculations of 

the radiation forces (IRF). For example, Orcaflex forces 

the radiation damping to decay to 0 at low and high 

frequencies when calculated the IRFs. 

 

FLOATGEN DESCRIPTION  
 

This verification exercise was carried out for the Ideol platform 

with a 2MW wind turbine deployed in the SEM-REV test site in 

France. Some of the main properties of the system are 

summarized in .  

 

The floating wind platform used for this exercise is the Floatgen 

platform depicted in Figure 1 and the mooring arrangement at 

the site is illustrated in Figure 3.  

 
TABLE 2 – PROPERTIES OF THE FLOATGEN SYSTEM 

Properties Value  

Water depth  33m 

Ideol Platform - Draught 7.5m 

Ideol Platform - Height 9m 

Ideol Platform – Breadth 36m 

Tower height  60m 

Turbine Rating 2MW 

Mooring lines 6 drag embedment 

anchor catenary-

chains 

 

Viscous drag 

plates 

Tower and TP 

Platform 

Hydro and 

mass prop. 
Fairleads 

Rigid links 
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FIGURE 3 – LOCATION AND MOORING ARRANGEMENT FOR 
THE PROJECT [8]  

RESULTS  
 

The models described above were run in both codes under 

identical input conditions and the major results are summarized 

in this section.  We have focused our attention on the dynamics 

of the platform as the structural elements of the Bladed code have 

been previously validated over the years (e.g. [9], [10]). The 

structural checks between models were carried out and very good 

agreement was found for mass, CoM location and first tower 

modes.  

Static tests 

Static tests were carried out by applying a force and moment at 

the system CoM and comparing equilibrium positions. The 

comparison between Bladed and OrcaFlex as presented in Table 

3, shows very good agreement, the two codes deviating by less 

than 1.5% from each other, showing that the hydrostatic and 

mooring line stiffness is similar between the two models. 

Although it should be noted that the mooring stiffness for this 

type of floater represents only a very small portion of the total 

stiffness given the large water plane area. 

 
TABLE 3 – STATIC MOMENT COMPARISON BETWEEN 
BLADED AND ORCAFLEX 

Degree of 

Freedom 

Load MN 

MNm 

% OrcaFlex Displacement/ 

Bladed Displacement 

Heave (m) -5 99.6% 

Roll (°) 50 98.6% 

Pitch (°) 50 98.7% 

 

Decays tests  

 

The decays tests results were compared in the time-domain and 

by the damped decay period. Table 4 summarizes the normalized 

damped oscillation periods for decay tests in each the 6 degrees 

of freedom (DoF). The models match quite well for most of the 

degrees of freedom. The differences in the surge, sway and yaw 

decay tests can be attributed to the different mooring line models 

(Bladed – quasi static and OrcaFlex – dynamic) and the large 

displacement initially considered for this test. Other metrics, 

such as the critical damping were not calculation given the 

satisfactory results on time series and damped oscillation 

frequencies 

 
TABLE 4 - DECAY TESTS – DAMPED OSCILLATION 
FREQUENCIES 

DoF Bladed/Ideol 

Surge 0.98 

Sway 1.04 

Heave 1.00 

Roll 1.00 

Pitch 0.99 

Yaw 1.06 

 

Illustrative time-series of the heave and pitch decays tests, 

comparing the results from Bladed and OrcaFlex, are shown in 

Figure 4Error! Reference source not found. and Figure 5. 

Some differences after a few decay cycles are seen in the heave 

decay test. These can be attributed to some differences in the IRF 

used in the OrcaFlex and Bladed models. OrcaFlex applies a 

scaling function forcing the impulse response curves to smoothly 

approach zero after a set amount of time. This leads to a decrease 

of the IRF values after before this time. This is not applied in 

Bladed (discretely cut off after a longer period when observed to 

naturally decay to 0 – no scaling is applied). As seen for the 

irregular waves results, this difference in the IRFs doesn't seem 

to be relevant.  

Some of the platform natural frequencies lie within the expected 

potential wave excitation range (heave, roll, and pitch). The 

levels of viscous damping in the system provided by Ideol 

suggest that the responses will be significantly damped at the 

resonance frequencies. 
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FIGURE 4 – FREE DECAY COMPARISON BETWEEN BLADED 
AND ORCAFLEX IN HEAVE. 

 

 
FIGURE 5 – FREE DECAY COMPARISON BETWEEN BLADED 
AND ORCAFLEX IN PITCH. 

 

 

 

Irregular waves  

 

The models were then run for 6 selected sea states summarized 

in Table 5. These conditions were chosen to be representative of 

the deployment site conditions and also to excite platform 

modes. Various wave directions were chosen due to the expected 

different mooring responses, excitation of yaw motion and 

ensuring coordinate systems in both codes were matching. The 

simulations were 1 hour long and, in Bladed, an initialization 

period of 120s was used to remove transients. The resultant 

kinematics at the CoM of the system were compared for the most 

relevant degrees of freedom. Note that no wind loads were 

considered here as the focus was on the verification of the 

hydrodynamic models.  The free surface elevation created by 

OrcaFlex for the original simulations was replicated in Bladed 

using the linear frequency components of the free surface 

elevation calculated with a Fast Fourier Transform. 

 

 

 

 

TABLE 5 – JOWSWAP SEA STATES USED IN VERIFICATION 
STUDY. (0° IS WAVE ALIGNED WITH ROTOR ALIGNED WITH 
THE DAMPING POOL) 

## Dir  

(o) 

𝑯𝑺 

(m)] 

𝑻𝒑  
(s) 

1 0 7 11 

2 0 9 15 

3 45 7 11 

4 45 8 13 

5 22.5 7 11 

6 22.5 8 13 

 

The resultant platform kinematics time series for the sea state 

with the largest significant wave height (#2) are illustated in 

Figure 6 for the two codes. The heave and pitch DoF are in very 

close agreement. However, there are differences in the very low 

frequency surge motion, that can be attributed to the different 

mooring line methodologies.  

 
FIGURE 6 – BLADED AND ORCAFLEX PLATFORM SURGE, 
HEAVE, PITCH AND FREE SURFACE ELEVATION FOR SEA 
STATE 2  

 

Standard deviation and the absolute maximum were used as the 

metrics to compare the behavior of the two models. The absolute 

maxima and standard deviation are initially presented as an 

average over the 6 sea states in Figure 7 and Figure 8. All degrees 

of freedom are presented and a good overall matching between 

the two models for the 6 sea states considered is observed.  

For this platform, the most relevant DoFsfor tower and RNA 

design are the heave, roll and . A good match between the two 

models is achieved for standard deviation (mean difference of 

2% and 5% across all sea states, for heave and pitch, 

respectively). For the extremes, a maximum difference of 4% is 

registered for both models. The results for pitch were then 

discretized per sea state in Figure 9 and Figure 10. It can be seen 
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a good agreement on all the sea states. Similar results were 

obtained for heave DoF, Figure 11 and Figure 12.   

 
 

FIGURE 7 – ABSOLUTE MAXIMUM FROM BLADED AND 
IDEOL. CALCULATED AS AVERAGE OF ALL THE 6 SEA 
STATES.  
 

 
FIGURE 8 – STANDARD DEVIATION FROM BLADED AND 
IDEOL. CALCULATED AS AVERAGE OF ALL THE 6 SEA 

STATES.  

 

 

 

 
FIGURE 9 – ABSOLUTE MAXIMA PITCH FROM BLADED AND 
IDEOL FOR THE 6 SEA STATES.  
 

 
FIGURE 10 – STANDARD DEVIATION PITCH FROM BLADED 
AND IDEOL. FOR THE 6 SEA STATES.  

 

It is also seen (Figure 7 and Figure 8) that the models are 

responding similarly for wave directions different from the 

model center line (parallel to platform and rotor), with a good 

match for sway and roll for these DoF. Some larger relative errors 

in yaw are observed. However, the magnitude of the yaw 

motions is small (2.6° maximum across all seas considered). 
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FIGURE 11 – ABSOLUTE MAXIMA HEAVE FROM BLADED 
AND IDEOL.  ALL THE 6 SEA STATES.  

 

 
FIGURE 12 – STANDARD DEVIATION HEAVE FROM BLADED 
AND IDEOL.  ALL THE 6 SEA STATES.  

 

As discussed above, the differences in the results between the 

two models can be attributed to the following aspects:  

- Some nonlinear effects considered differently in 

OrcaFlex and Bladed. For example, the assumption of 

the instant position of the body and respective phase 

shift for the excitation forcing where a low pass filter 

on the position is used in Bladed. If applied in 

OrcaFlex it is likely a different cut of frequency is 

used. 

- Also, the different mooring line models are expected 

to yield different forces away from the equilibrium 

points considered for the quasi-static look-up tables.  

- Another difference that can be relevant for the 

irregular sea states comparison is the wave stretching 

near the free surface. The two codes use a different 

approach. In the OrcaFlex model a vertical approach 

was used, where the kinematics of the water are 

considered constant above the mean water level. In the 

Bladed model, Wheeler stretching was considered and 

the water particle kinematics are scaled up to the 

instantaneous free surface. 

- The two models also use slightly different radiation 

force formulations (as discussed above) 

Nonetheless, the differences between the models listed above 

show the resultant kinematics for both models are similar and it 

is concluded that for the purpose of the current study the two 

models yield sufficiently equivalent results. The hydrodynamic 

aspects of the Bladed model were then deemed to be appropriate 

to perform the control optimization exercise and tower design of 

the floating platform.  

CONCLUSIONS 
 

A model of the Ideol damping pool platform in Bladed was 

described. A systematic procedure to execute the numerical 

verification of two models was presented with an example for a 

floating wind turbine system using the Ideol barge platform. It 

was seen that the Bladed model of the 2MW system yielded 

similar kinematics to the original OrcaFlex model from Ideol that 

has been validated against tank test measurements. This result 

allowed the use of Bladed for tasks where a detailed model of the 

turbine was required such as controller optimization and design 

of the tower. 

 

The next stages of this project will include a validation of the 

wind turbine model initially in the sheltered conditions of the 

harbor (with little turbine motion). After the prototype is 

deployed at SEM-REV a large amount of data will be collected. 

This data will allow important conclusions regarding the models 

to be validated, such as scale effects affecting this type of 

floating structure.  
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