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ABSTRACT: The IEC standard for onshore or offshore wind turbines requires additional dummy simulations (at least 5 s) for the transient
responses due to initial conditions. An increase in the dummy time causes a considerable increase in the computational cost considering multiple
design spirals with several thousand design load analysis cases. A time of 30 s is typically used in practical simulations for awind turbine design
with a fixed platform. However, 30 s may be insufficient for floating offshore wind turbines (FOWI) because the platforms have lower natural
frequencies, and the transient responses will last much longer. In this paper, an initial condition application algorithm is implemented for
WindHydro, and the appropriate dummy simulation time is investigated based on a series of dynamic simulations of a FOWI. As a result, it is
found that more than 300 s is required for the platform to have stationary motion after the initial transient responses for the FOWT under the

conditions considered.
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Fig. 1 Initial condition assignment algorithm of WindHydro.
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Fig. 2 Initial transient response characteristics for onshore wind
turbine analyzed with and without initial condition by (a)
GH-Bladed, (b) FAST, (c) WindHydro :
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Table 1 Loading conditions for the dynamic simulations of
floating offshore wind turbines.

Item Conditions Others

Wind Wind speed = 10 m/s uniform
Wave Height = 6 m

Wave Wave Period = 10 s Reglﬂar

Airy

Incident angle = 0 degree
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Fig. 3 Dynamic simulation responses of NREL 5 MW OC3-
Hywind by WindHydro with zero initial conditions

under 10 m/s uniform wind.



Table 2 Selected initial conditions to minimize the initial transient
responses in the dynamic simulations of the floating
offshore wind turbine.

. Initial conditions Initial conditions
Variables

for WindHydro for FAST
Rotor Speed 11.5 rpm 11.5 rpm
Blade pitch 0.0 degree 0.0 degree
Platform surge 242 m 20.6 m
Platform sway 0.00 m 0.0 m
Platform heave -0.557 m -0412 m
Platform roll 0.00 degree 0.00 degree
Platform pitch 4.13 degree 4.13 degree
Platform yaw 0.00 degree 0.00 degree
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Table 3 Analysis cases to analyze the effect of initial conditions
on the initial transient response duration of floating
offshore wind turbines.

Analysis case  Wind  Wave Rotor ICs Platform ICs
A-1 O X O X
A-2 O X O O
B-1 O (@) O X
B-2 O (@) O O
Rotor Speed [rpm] Surge [m]
15 40
30
_\‘ \
w0 || 20
10
5 0
0 100 200 300 0 300 600
time [s] time [s]
Heave [m] Pitch [degre]
00 7 8.0
::II:,'. u"‘l,
INWAU A AL — 6.0 a
10 '.l.'"" 4.0 P:M&—‘——-—-‘-——: e
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time [s] time [s]

Fig. 4 Dynamic simulation responses of NREL 5 MW OC3-
Hywind by WindHydro for A-1 and A-2 of Table 3 :
dashed line for Al and solid line for A2.
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Table 4 Comparison of settling time between analysis case .A-1
and A-2 by WindHydro and FAST.

Settling time [s]

Analysis Analysis

program case Rotor Platform
speed surge  heave  pitch
A-l 201.6 5834 7200 3362
WindHydro
A-2 124 2569 3881 699
A-1l 514 5460 6005 2504
FAST
A-2 0.0 0.0 1844 225
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Fig. 5 Dynamic simulation responses of NREL 5 MW OC3-
Hywind by WindHydro for B-1 of Table 3.
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Fig. 6 Dynamic simulation responses of NREL 5 MW OC3-
Hywind by WindHydro for B-2 of Table 3.
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Table 5 Comparison of settling time between analysis case
B-1 and B-2 by WindHydro and FAST.

Settling time [s]

ys1s ysts Rotor Platform
program case
speed  gurge  heave pitch
) B-1 2692 4047 5322 2649
WindHydro
B-2 775  167.7 4047  167.6
B-1 455.6  680.8 5978  420.6
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B-2 3954  565.6 478 2608
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