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Introduction

Previous Experimental Results
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» RAO analysis

Bending moment at the tower bottom

» Contour figures to determine wave conditions
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Pitch motion

Surge motion induced by wave loads
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Tower-top shear force(kN)
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Conclusions

» ULS check for DTU 10-MW reference wind turbine

» The experimental WIHF structural load under irregular wave condition
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(a) The time series of tower-top shear force under IH6T11 (left) and IH10T14 (right) farther away from the safety criterion.
o™ ‘ IH6T11 1ol . _IHI0T14 . 5 x10'! Cpmparison of PSD integrlal 5 x 10° Corln‘parison of statistical Vallues H d d . B kl h k ff . B kl h k ff .
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Ni 2 b, S E g Cut-in LC1 LHM 6.1784 (pass) 5.9084 (pass) 0.3782 (pass)
2 10° = 2 10 éz ] 2 NHM 2.2187 (pass) 1.5127 (pass) 0.8682 (pass)
o} == ol - | Zos Rated LC3 LHM 1.8466 (pass) 1.7610 (pass) 0.8531 (pass)
R =i e b B 2 NHM 0.7285 (fail) 0.6023 (fail) 2.2439 (fail)
0.1 Fofiquency(z:lz) 04 0.5 0 0.1 lgriquency%?lz) 04 0.5 ! IHI0T14 IH6T11 ! IH10T14 IH6T11 Cut-out LC6 LHM 3.2189 (pass) 1.9339 (pass) 0.5558 (pClSS)
. L NHM 0.4299 (fail) 0.2596 (fail) 3.6099 (fail)
(b) The PSD of tower-top shear force (c) The PSD integral (left) and statistics Lot LHM 2.0540 (pass) 1.9596 (pass) 1.2262 (fail)
under IH6T11 (left) and IH10T14 (right) (right) of tower-top shear force NHM 0.2820 (fail) 0.1882 (fail) 5.7328 (fail)

 The high-frequency peak frequencies are 0.33 Hz and 0.328 Hz, respectively, which
are remarkably close to each other.

o A proportional coefficient a is defined by Iy /I;r. The as under IH6T11 and IH10T14 e Experimental results show that WIHF structural loads are significant to the
reach to 0.25 and 0.34, respectively. Additionally, the maximum and STD of tower-top total structural loads under irregular wave conditions, and the extent of impact
shear force are respectively underestimated by linear response by 21.57 % and 17.19 is positively correlated with the increase in the severity of sea conditions.

% under IH6T11, and 17.29 % and 23.39 % under IH10T14. e The second-order high-frequency wave loads could amplify the high-frequency
structural responses caused by the 3P and resonance effects.

» Remarkable conclusions

» The eﬁects of second-order sum frequency wave Ioad on the coupled dynamic responses

— o | L | o o e The second-order high-frequency wave loads could increase the aerodynamic
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S e Considering the second-order sum-frequency wave load effects, the most

(a) The time series Of nacelle acceleratlonﬁ( eft) and tower- top shear force (l‘lght) dangerous condition for the ULS check for the critical section of DTU-10-MW
_ - E— 1 1] | reference wind turbine is shifted to the parked condition from the rated
' w'"'“" i i sl i condition.

(b) The time series of t:)wer-bottom bending moment (left) and aerodynamic force (right) ACknOWI edgement and COntaCt
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lle acceleration PSD ((m/sz)lez)

Aerodynamic force PSD ((N)lez)

—= = Linear+Sum-frequency QTF

Tower-top shear force PSD (NE/HZ)
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Tower-bottom bending moment PSD ((N-m)lez)
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e It could be observed that there are two peaks in the wave-frequency region. The left
one equal to 0.1 Hz corresponds to the rotor rotational frequency (1P), and the right
one corresponds to the wave peak period.
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 Two peaks in the high-frequency region both have considerable disparities between
NHM and LHM. Among these two peaks, the left one equal to 0.3 Hz is associated
with the blade passing frequency (3P), and the right one close to 0.33 Hz is relevant
with the natural frequency of the wind turbine with an elastic boundary.
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