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Pitch instability for floating WT|
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Designed in the INNWIND.EU project.

Hybrid of semi-sub and spar.

Heave plates and catenary mooring

Lemmer, F., Amann, F., Raach, S.,

& Schlipf, D. (2016).

Definition of the SWE-TripleSpar platform for
the DTU10MW reference turbine.

Sandner, F., Yu, W., Matha, D., Azcona, J.,
Munduate, X., Grela, E., Voutsinas, S.,
Natarajan, A. (2014). INNWIND.EU

Dimension Prototype Froude Model  Actual Model Scale

Scale Scale (incl. instrumentation) D4.33" Innovativel Concapts for Floating
Platform e
Draft 54.5m 908mm 918mm Stasl Rt
Elevation of tower base above MSL.  25.0m 417mm 333mm Borg M (2016) Mooring system analysis and
Column diameter 15.0m 250mm 250mm recommendations for the INNWIND Triple Spar concept.
Column length 63.0m 1083mm 1100mm DTU Wind Energy Report-1-0448, Kgs. Lyngby, Denmark.
Deck elevation above MSL 10.5m 175mm 182mm H: Lemmer et al L50+ D1.2: Simplified models
Centre offset from tower centerline 26.3m 438mm 430mm ,
Tripod overall height 15.0m 250mm -
Heave plate diameter 22.5m 375mm 375mm
Heave plate thickness 0.5m 8.3mm Imm
Displaced volume 20224m? 0.1353m* 0.1357m?
Platform mass 28229 130.69kg 129.35kg
Centre of mass below MSL 36.02m 600mm 646mm
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10m1W RWT data from Riso
10MWY RAWYT data in FLEXS
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Rotor ID
Wind speed -> rotor speed

Measure thrust and torque vs
blade pitch

Gives desired blade pitch

2000
_ . 10MW RWT data from Riso
£ e +  10MW RWT data in FLEXS
% 1000 : s — H E
2 - —
z e e
- H
o i
o 5 15 20 25
v (mis)
10000 - ¥ v 7 .
z i ,/r
5 5000 H i
g A H
g R
0 =
o 5 0 5 20 25
W (mis)
10 T !
= '/.
a 8 + i
&
& . i i i
1] B 10 5 0 25
¥ (mis)
40 T
=] RS
=] e
£ P
o e e i i
o 5 10 15 20 25

W (rfs)

o
-
A o
Thrust measured between nacelle and tower
10 T T T T T T T T T T
. —— Thrust
=Z 7.5 Mean values
=
% 5
=
= 25 T —49777 T T T i sl J4
0 mean |(”_ ) | |_mean , 8-1 |:5'777 mean , a2 :6|'5‘I 1 mean , a+1 :4]"I 265 |_mean |, 812 |: p-Pao
o] 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Measurement number
Pitch angles measured from fiber optic sensor
T T T T T T T T T T
10 —
® :

Pitch angle, © [deg]
[+]

6 | —
| | | | | | | | | |
o} 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Measurement number
Torque measured on the motor
0.2 T T T T T T T T T T
— T -=0.10666 = -=0.11998
E _ mean , 6-1 mean , 6-2 —]
= 0-15 “mean . @=0-08784 n A mnn N - ’ 0.064009
n ~ il \ n AN AN vl Ty T\ T = =0,
;n 0.1 o wh el nft A 4 [T GRTRTI VL LA v "'.I _mean , 8+1 T - =0.041732
5 IETRETL R aT AR’ | Laa fianl. ha . A , mean . 8+2
o : v | i | I
5 0.05 WV RN Y Y \ ARSI . n L
= Ul AT (VI
0 1 1 1 1 1 1 1 1 1 1
o] 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Measurement number
r

® —1°=6.7987" | ®
opt |

o o =]
\ ®_ -2 =58003 |
|~ opt |

+1°=8.7996
pt

+2°-9.8001
opt

SWE



Rotor ID
Wind speed -> rotor speed

Measure thrust and torque vs
blade pitch

Gives desired blade pitch
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Wind Velocity, V [m/s]
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SWE, —-Model-in-The-Loop » Pitch controller (1/3)
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SWE. —EModeI-in-The-Loop % Pitch controller (2/3)
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SWE, _-Model-in-The-Loop = Pitch controller (3/3)

DTU Wind Energy
Department of Wind Energy
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