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Why Model Testing?

OCS5: several medium
fidelity tools
underpredicted
ultimate and fatigue
loads [2].

Financially unfeasible
to build a prototype
for testing purposes.

System response to
physical loads vary
according to platform
and mooring design.

Only a few FOWTs
were deployed. Lack
of benchmark data.
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Why Model Testing?

OCS5: several medium
fidelity tools \ 8 System response to
underpredicted e ! physical loads vary

ultimate and fatigue - S according to platform
loads [2]. ' " A and mooring design.

tidal & starm surge
depth variation

Financially unfeasible I & Only a few FOWTs
to build a prototype

; were deployed. Lack
for testing purposes.

of benchmark data.

Solution = Validate numerical models with HiL
—— . cxperiments
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Why Model Testing?

aecrodyn SCDneezy2 1:10 Prototype [6]
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Model Testing Approaches

Full
Approach

Hybrid
Approach
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Model Testing Approaches

Full-Approach Testing of the TripleSpar at DTU [10]
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Model Testing Approaches
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Wind Tunnel Hybrid Testing
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Model Testing Approaches

L emulator for the
floater motions

Complementarity of model testing methods [8].
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PoliMi Setup

High quality wind field generated at the
boundary layer section of the GPVM.

Allows testing of different mooring system
and platform concepts.

) POLITECNICO
MILANO1863

Unsteady aerodynamics via imposed motion.

Wake characterization.

Test different control strategies.
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PoliMi Setup

Boundary Layer Section:
13,84m wide x 3,84m high x 35m long
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PoliMi Setup

HexaFloat 6-DOFs Parallel Kinematic Robot
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Setup Control Scheme

Eoo'rr gar Forward £ﬂ.
Correction ) .
kinematics
F \ POLITECNICO
i MILANO 1863
Wind field tW;?d L RUAG ~ F. HIL 2 HerxaFloat 23 HesaFloat Qq ILANO 18
:: o d:le ~ model controller

Control Scheme

ER UAG: Tower-base loads qq: Platform actual position
E.,r: Correction loads gs: Platform set-point
Ew . Wind turbine loads {q: Platform actual position estimate

q: Platform position from HIL model

l,: HexaFloat actuators actual position
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Setup Control Scheme

Ewt = ERUAG - Ecorr_' Ecorr = [Mt]g.a + [Kt] ga

R=}

F a Forward Lu.

coTT

Correction . .
kinematics

\ POLITECNICO

MILANO 1863

Wind field Wind Froae 4 Fu HIL HezxaFloat
— turbine —

model _/ model controller

B
=
g-h

HexaFloat

Control Scheme

ER UAG: Tower-base loads qq: Platform actual position
E.,r: Correction loads gs: Platform set-point
Ew . Wind turbine loads {q: Platform actual position estimate

q: Platform position from HIL model

l,: HexaFloat actuators actual position
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Numerical Modelling Approach

[Ms + Ao ]X + [Rs]X + [Kslx = Fypet Eplat
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Numerical Modelling Approach

[Ms + Ao ] X

Platf

orm an

1 Turbine Inertia Tensor

Infinite-frequency hydrodynamic

added mass matrix

Mass matrix of the global floating
system
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Numerical Modelling Approach

[Ms + A ]X + [R5

|. Platform and Turbine Inertia Tensor

Il. Platform Added Damping

- Structural damping matrix
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Numerical Modelling Approach

[Ms + Acol% + [Rs]X + [Ks]x

|. Platform and Turbine Inertia Tensor
Il. Platform Added Damping

lll. Platform and Turbine Gravitational and Restoring Loads

Structural stiffness matrix —
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Numerical Modelling Approach

[Mg + A ]X + [Rs]x + [Ks|x = Fyt

|. Platform and Turbine Inertia Tensor
Il. Platform Added Damping

lll. Platform and Turbine Gravitational and Restoring Loads

IV. Aerodynamic Forces Fwt = Farott Eatow™ Egyrot Fmrot
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Numerical Modelling Approach

V.

[Ms + A ]X + [Rs]x + [Ks]x = Fyet Eplat

Platform and Turbine Inertia Tensor
Platform Added Damping

Platform and Turbine Gravitational and Restoring Loads
Aerodynamic Forces Fwt = Farott Fatow™ Egyro Emrot

Hydrodynamic Forces Eplat = Fraat Bve™ Fnoort Eyisc
Radiation forces
Wave forces
Mooring forces
Viscous forces
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Numerical Modelling Approach

V.

[Ms + A ]X + [Rs]x + [Ks]x = Fyet Eplat

Platform and Turbine Inertia Tensor

Platform Added Damping

Platform and Turbine Gravitational and Restoring Loads

Aerodynamic Forces

Hydrodynamlc Forces

Radiation forces
Wave forces

Eywe = Farott Fatow™ Egyr0+ Emrot

Eplat Erad+ E/ve+ Emoor+ Evisc

Mooring forces
Viscous forces

Nl Requires simplifications to
run in real-time
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Numerical Modelling Approach

MoorDyn Lumped-Elements Model

50

[m]

N-100

-150

e M[(E)]r =F(71) 200

= M[(r)] = [m] + [a(@)] \/

ym 500 -600

x [m]

= E(1,1) = Ty, (1) = Toafy () + Ciany, (8,7) = Cimnyy (B1) + Wi + Bi(3,7) + Dpi(2) + Dai(7)
T:Tensile Loads D,: Viscous transverse damping

C:Damping D,: Viscous tangential damping

W:Weight B;: Seabed contact
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Real-Time Simplifications

Radiation forces.

Number of harmonics considered in the spectrum of the irregular sea state
simulations.

Number of elements dividing the substructure F,;...

Number of nodes composing the mooring lines.

the choice of specific contributions in terms of forces to be considered from
the internal nodes of the catenary.
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Real-Time Simplifications

Radiation forces.

Approximation of the convolution term in the

Cummins Equation. SSfitting toolbox

Number of harmonics considered in the spectrum of the irregular sea state

simulations.

Number of elements dividing the substructure F,;...

Number of nodes composing the mooring lines.

the choice of specific contributions in terms of forces to be considered from
the internal nodes of the catenary.
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Real-Time Simplifications

L Approximation of the convolution term in the
l. Radiation forces. PP

Cummins Equation. SSfitting toolbox

II.  Number of harmonics considered in the spectrum of the irregular sea state

simulations.
BN Decrease frequency resolution

lll.  Number of elements dividing the substructure F,;,...

V.  Number of nodes composing the mooring lines.

V. the choice of specific contributions in terms of forces to be considered from
the internal nodes of the catenary.
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Real-Time Simplifications

Viscous Forces

1
fraa(z,t) = > CpD |vrel,rad| Urel,rad

1
ft (z,t) = > CpD |vrel,t| VUrel t

1 D?
fax (z,t) = 5 Caxﬂz |vrel,ax| VUrel,ax
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Real-Time Simplifications

Mooring Lines
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Real-Time Simplifications

Mooring Lines
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Comparison of the Experiments with Numerical Simulations

f(Hz) f(Hz) | p P
HIL FAST | HIL FAST | HIL FAST
Surge | 0.0052 0.0050 | 024 028 | 0.039 0.033
I
|
I

Sway | 0.0049 0.0049 : 026 030 0034 0.028
Heave | 0.0628 0.0628 ' 0.31 0.31 ! 0.015 0.015
Roll | 0.0360 0.0361 : 0.38 032 1-0.059 -0.018
Pitch | 0.0380 0.0380 : 035 029 : -0.037  0.001
Yaw | 0.0130 0.0130 : 0.10  0.10 : 0.014 0.017

20

DTU 10MW TripleSpar [10]
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Grazie!

Questions?
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http://www.scd-technology.com/scd-technology-scd-nezzy/
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