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BASIC IDEA



Combining existing
manufacturing options for large

scale Monopiles with the
demands of floating structures.

Basic Idea
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» Wide availability of Monopile fabrication „from the shelf“ instead of classic
ship building structure.

» Monopile as structural strong structure as the simplest possible
transformation of plate steel.

» Unique transportation and assembly options.

» Utilizing the assembly capabilities beside dock based sites.

Advantages
The Tubular Floater Concept, January 2022
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GENERAL LAYOUT



General Layout
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Schematics
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14MW class, Hub height 150m
Rotor approx. Ø234m

Arms up to Ø10m x 100mm
Outreach approx. 60m

Joints up to Ø12m x 100mm

Small water line area,
approx Ø7m

3x Outside Floater and
Central floater up to Ø10m x
100mm

Classic OWEC tower,
Ø5m to Ø8m in this study

3 x 2 mooring

Draft 17m
Water depth this study 50m
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TECHNICAL DETAILS



» Design model with the purpose to depict the hydrodynamic behavior of the floater and the mooring in
rough seas. Within this model, only the hydrodynamic behavior is represented. The aero- and
hydroelastic behavior, as in an integrated load analysis, is not shown here.

» Floater

» Total Displacement of the floater at 17 m draft: 14525 t (without RNA)

» Initial stability: GM.x = 4.4 m and GM.y = 4.4 m

» 6 Mooring lines

» Chains (d.eff = 120 mm, 300 kg/m)

» 5 t clump weights

» RNA (represented by a point mass)

» Weight: 700 t

» Hub height: 150 m

Analysis in ANSYS AQWA –Model description
The Tubular Floater Concept, January 2022
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Mooring Layout – 3 x 2
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State of the art:

» For the simulation of floating offshore wind
turbines (FOWT) two peak wave spectra are
adequate
• Combination of wind sea and swell
• E.g., Torsethaugen (DNVGL-RP-C205), or Ochi-

Hubble (ISO19901-1)

» Wave spreading for a three dimensional sea
(DNVGL-RP-C205, ISO19901-1)

Wave spectrum
The Tubular Floater Concept, January 2022
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Wave spectrum => Three dimensional sea
The Tubular Floater Concept, January 2022

12

0

50

100

150

200

250

0 0.1 0.2 0.3 0.4 0.5

S(
f,ʻ

) [
m

²/
Hz

]

f [Hz]

Torsethaugen (Swell dominated) + Wave Spreading D1
H.s = 10.8 m, T.p = 11.8 s

± 90°

± 60°

± 30°

0°

-15

-10

-5

0

5

10

15

20
25

0 100 200 300 400 500 600

ʹ
[m

]

t [s]

Wave surface elevation (at location x = 0 m, y = 0 m)

-15
-10

-5
0
5

10
15
20
25

0 100 200 300 400 500 600

ʹ
[m

]
t [s]

Wave surface elevation (at random location x = 66 m, y
= 76 m)



Response Amplitude Operators (RAO)
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» The RAOs are determined within a
diffraction analysis. The mooring is not
yet considered here. These give an
indication of the movement of the
floater in the sea.

» For a semi-sub, the natural frequencies
(resonance points in the RAOs) are far
away from the expected periods.

» The RAOs of the tubular floater show
that small movements are to be
expected in the sea.



Response Amplitude Operators (RAO)
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Diffraction analyses
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» Water Depth 50 m

» Wave height: 18 m

» Wave periode: 10 s



» After the diffraction analysis, a stability analysis is carried out, on the one hand, to
determine the initial conditions for subsequent analyzes and, on the other hand,
since the mooring is considered in order to determine the natural frequencies.

» Typical Eigenperiods for semi-subs are shown within DNVGL-RP-0286. The
Eigenperiods of the tubular floater hit the ranges of the DNVGL well.

Hydrodynamic stability
The Tubular Floater Concept, January 2022
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Type of motion Tubular Floater
Eigenperiods

Eigenperiods for
semi- subs
(DNVGL-RP-0286)

Surge (X) 118 s ~ 100 s

Heave (Z) 26 s 15 s – 25 s

Pitch (RY) 35 s 24 s – 40 s

Yaw (RZ) 92 s ~ 50 s  – 80 s



Transient response analysis – Operation condition
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» Extreme conditions

» Wave spectrum: H.s = 2 m, T.p = 7 s

» Results

» Under these conditions, small accelerations (<0.05 g) are to be expected
as a result of the sea state.

» Only small deflections in the degrees of freedom of roll, pitch and yaw
are observed (<< 1 °). The floater behaves calmly in sea under operating
conditions, as was initially expected by the RAOs.
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Transient response analysis – Extreme condition 1
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18

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0.5

0 100 200 300 400 500 600

a.
RN

A 
[m

/s
²]

t [s]

RNA acceleration

0.E+00
5.E+05
1.E+06
2.E+06
2.E+06
3.E+06
3.E+06
4.E+06
4.E+06

0 100 200 300 400 500 600

T 
[N

]

t [s]

Mooring line tensions
Line 1 Line 2 Line 3 Line 4 Line 5 Line 6

» Extreme conditions

» Wave spectrum: H.s = 10.8 m, T.p = 11.8 s

» Rotor Thrust mean value: 2 MN

» Results

» The acceleration of the RNA is acceptable with a maximum of 0.31 g

» The tensile forces in the mooring lines are 3.6 MN in a range where no overload is to be
expected. The typical breaking load of a mooring line is up to 10 MN, so that there is
sufficient safety with 2.7.

Thrust: 2 MN
































