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BASEEE 1 DTU 10 MW ZE R - LIFESS0+ O0-star » B ZFHEHS  IEC 61400-
3-2 > 1B E SRR

78 = Bl =2 B % (floating offshore wind
turbine, FOWT)E’J%?\\H@E%%%@%‘E%%}E

il

1. 81

FRIE202 14 2= BRE AE 77 & GWECHY £ BR
JE\BE 5 (GWEC, 2021)THfE » FE20504F 1
ISk il B Bl e = JE\ B HY P P9 R B [N Hi(average
capacity factor)iir 57 Bl ZE #132~58%E143~60% >
P % s DA201 755 5 B RO 4 T 5 AR e
Y7 BB 5 Hy wind Scotland ZE BIIHEFTH
a0 HEZ RIS H Y P 8 N B R e
MEZEF56% - (LN EUEE S RS E BA
SREOREIR A 2 g -

TBIE R TAE 2 B S AT ST T B 245 TAZ B 28 Bh B TARA
B THEZ B G REE AT 2 TIE % B
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EEHS © tgwu@iner.gov.tw

HEEER > BEaE ¢ 03-471140043341 -

B TAZAT

(rotor nacelle assembly, RNA) ~ #Z2(tower)

&L & (floater) B §H #f 2. 4% (mooring system) ©
FE G I o B IR 2 BT e T RS Y
A8 > BEimEdEEh SR 1P (per revolution)Ed

TEREBIEARIP » DU P | B R S B
S EE - (BEEAR - i B

=4y o fRIEArany et al. (2016)AYHFFEEBLERE L
R RFSrEHED T 0] se ik R T S B R4S
T B AR IR R (R LK) ~ 1PEL3PHYSH
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HEnlE - DU RISV AE R - ez
BLEREUN - BN EH AR R E SN A
HF? R JE(0~0.4 Hz) ~ JR(0.06~1.5 Hz) » H1iE
TR | PELROR T 9245 42 5 E%(0.1~0.3 Hz)
B R FEAT - I @ 2 R0R 2 BRI B
% > fEakat LRl s B R EE R it 2 52
A -

BN RN B S Y E B E HEROR
1T 25 2 12 80 72 s IR R rp 2 A s R E o -
JE 2 FICR Y REHE D02 - HENGEIZE)
# & E A E KBV EE JJFE(tilt moment) » {1
4t (pitch) B (rol ) A LB R (A& )
BER TR - HER R CEED
o [HHEH B A E A E B B B S
FERE 4] « Al » Christiansen et al. (2011)2 A
By TR IE R - FIHSUERAEERFLOR (linear
quadratic regulator)¥Z il i1 A %2 VR 722 ) 25 B ik
BREEERIES T - MBI AL Rk
{TEREL » MRIBFERCRER - LQRIZEHHZ AT
HERFR TR - HERR/ S EATE -
Stewart et al. (2012) ~ Brodersen et al. (2017)E1
Yang et al. (2019) Ry T AR/ ) FEh#E & ik E
B JE > 5 0] 5= HJE S5 (tuned mass damper,
TMD)ax (i lc BB EE S - &S REUR -
TMDFR 1w HIf 4 = B iR 1 - A BhYE
Bk D EE Y R

R (2)

{rfiit

Hers(x)

()

et

EIROE A
&1 FEhEEE E

F—H PERE112F3

ek il (gust) & — T A FI 2 L ) S B A AR e
A EILRA: - PR TR B SEE LS - E
TR A 2 FECRHY R R LR B N - B
H A fier(blade pitch) eI EA K - EAERIK
fHEST © Frank et al. (2015)F &R MRV TH
2 77 7£ (model-predictive controller, MPC) >
E R 10 MW ARG Bl BB O B 6 20 Ty A B2 25 g
(multiple input-multiple output, MIMO)FZE 5T
fiEe > M FR 4% B BE RMPC g 32k 1] ek s e e
(extreme operating gust, EOG) /&5 48 7 Y A s R
TE I B D ZR S FEH T -

DTU 10 MW 2% i 1% (reference wind
turbine, RWT)f#E#I(Bak et al., 2013) B 28R4
KE(Technical University of Denmark, DTU){E
20134 Fy 1 HET B KRB b 2 BhRERF MR ST AT
HEAYEEL > SRR G - THAR
IS G S BB B ST T TR - B
HAEMEAR &S - sat 28 R e B4
2 EEA . BAMEE RS HEE -

LIFES50+ 55201 848k PR 158 I K J4 50
KoK AR - B3 (semi-submersible) F 3K
& B85t 3 (Pegalajar-Jurado, et al., 2018a) » 5
=TS EEE HDTU 10 MW RWTHE
FCAb s es AR S ROt 22 =Olav Olsen
FracatHFEE e < FEie FELURJE -1F
GG RRaGTHERN 130K K
I FR I (54 22 OO-Star Wind Floater#k & » #E—
SRS TR T KB DB e - B
{HE S e B RS B -

IEC 61400-3-1/2 HATR R E X% 2%
HY Bl = L ] 5% BR P B 5T A (International
Electrotechnical Commission, 2019a) » /2
P EBTE ST L AT R 25 HU BRI Sl B LA e
5 BAHE TR ERE -
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N & E 8 B e aeE e =0k - [k - R~
s 2 M| FH s e 2 B (TMID) ) B AR 2 S B B ik
SRR EREZERTTE - HEAE RR) B
HYRE 55 ~ MRk B B B iR - XU =
Fa e N B R B s P O 5 e = R I
% o (EEEREE R TR - E (R B
HE AR EZEH LT HEE - Nt

RIFFERE T 2F1EC 61400-3-1 (International
Electrotechnical Commission, 2019a)iJ5%3

&4 » BESFBIIEC 61400-3-2 (International
Electrotechnical Commission, 2019b)HJEF5REOG
JECETTEN R E T R B4 - AR A&
bk 288 HH 00 O B LR P 52 2 - BRI DTU
10 MW RWTEZOO-star {78 =k &5 1F Fy BB
Bz 2B -

2. O0-star3¥ &7
SEBINEE

RHFSEER FINREL FAST [ 5 (9 2 JEL i
BIREEE T H IS Y 8. 16/R » WA BT R
HiS 0] 2B E SO (2019) B FIFAS THES 0T
NREL 5 MW 2 /4gEL 7% o SRS S8 F 52
B e R « AR - FEE G -
HI e A BT E I E - OO-starF VB )7 Bl
WIEE2 -

= EDR 5T

[E2 OO-star>f7E =0 Bl TS E
(Pegalajar-Jurado et al., 2018a)

2.1 DTU 10 MWEZ R 14

DTU 10 MW RWT =T H B 2 %3
([&3) » SR A o R Y 25 B =X e i S22 R s
HENBLE IR 7 B E - F5HEINREL 5 MW RWT
(Jonkman et al., 2009)f8EE(41721) » DTU 10 MW
SERMEREER - S - FERHELGAR
B - BAMHERNER - HimiksE
(hub height)7 5 532% » [ffj R B 28 > 4 8
AR T8T% » IEEHEHEEN I —EHEILT
YRR E BAMHE R -

[E3 DTU 10 MWk EUH 24 (i 22 [
(Bak et al., 2013)

2.2 IB55RIRE
AT NS R R TR EG

(WE4) - TR T 228K B R E R
Bl & P2 (transition piece) | o Lifes50+51E5
(Yu et al., 2018)fELL T34 =i > #FHDTU
10 MW RW T} R L 20 B 115.63 myF/11
m > {FlREE ERELEFEL miE o B2 ST
" SHEFNR2 -
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F1 DTU 10 MWEINREL 5 MW AR A% L %2 DTU 10 MWEEISELF B=UE 2R SR IR
Properties DTU 10 MW | NREL 5 MW et VFENE
Rated power Tower top OD (m) 5.5 5.441

10 5
(MW) Tower top t (mm) 20 29
Configuration | UPWind:3 Upwind, 3 Tower base OD (m) 8.3 11.385
blades blades
o - Colloctive oiteh | Collective iteh Tower base t (mm) 38 75
t t t t t
r1vle rain ollective pitch | Collective pitc Tower length (m) 115.63 104.63
Cut-in / Rated : :
/ Cut-out wind | 4/11.4/25 3/11.4/25 * OD: Outer diameter, t: Thickness.
speed (m/s)
Cut-in / Rated (flexible body)fEREITEIFEE - iFEHEES
rotor speed 6/9.6 6.9/12.1 o . N = cian
(rpm) % 5 By (rigid body) ) » 3 A5
Rated tip speed 90 20 (Potential flow theory)#EfT/KEI JEtE » A
/ - - .
N 7208 T B2 H 2 R K - (mean sea
ax. thrus
(kN) 1,500 €750 level, MSL)i& E¥ 1 13K & (401723) .0 Kk (central
N Zj: @3_ = °
dRi‘;flit/eIfgz) 1783/5.6 126 /3 shaft) FYSG I EIECHES)
. 1 Lifes50+5t 2 (Pegalajar-Jurado et al.,
Hub height (m) 119 90
, B EhEL L rh ) o e s e
Tower height 2018b)|:'j %T%i/?%bﬁkm E'j b*f%j‘ﬂi%ﬂ‘f‘
115.63 87.6
(m)
Rotor mass (t) 230.7 110
Nacelle mass
446 240 \
© Ay L
Tower mass (t) 628.4 3475 HNFE
Total mass (t) 1305.1 697.5
. @544l m 5
I\F
. [&5 OO-star;FEha & 1A fE
. (Yu et al., 2018)
g
3 %23 OO-star; ¥ -#fj#H; & HF%
Property Value
, Tower base interface above MSL (m) 11
Draft at equilibrium position with ”
moorings (no thrust) (m)
Outer column lower radius (m) 7.9
| ®11.385m 5 1 5 r
N | < uter column upper radius (m) .
~—r Central shaft lower radius (m) 8.1
B4 s Central shaft upper radius (m) 6.025
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BAMERREETTE R - WA KB DA E
PR FLAR (A M 228

2.4 22 2SR EY

DTU 10 MW#Z|28(Hansen ef al., 2013)2
FH 0 7> R 8l [ (partial load region) 14 S #klE
fi(full load region) W fE A~ [ AF2E FI RES LH AL -
B EPERIE B 2 e - g F Al
BV & M E# 4 (Larsen et al., 2007) » Lifes50+51
E(Yueral,2018) 5 T g i & HIERTE - fEDTU
10 MW 41 EE51]-F5 73 (proportional-integral,
POIEHIZZ T > F] FHAREL 2 E % (pole-placement
method)Z# £ A HIEMAVSE > (HFE) R
{7 B K ] B 4 2 i L P < [T AT DA IS 2
[BU)# - B e ATEd 2 R AE AR -

x4 pEBHEREZEHSESE

Basic DTU controller Value
Generator control switch Constant
torque

Proportional gain of pitch controller 0.192
(rad/(rad/s)) '
Integral gain of pitch controller (rad/ 0.009
rad)

Differential gain of pitch controller 0
(rad/rad/s2)

Proportional power error gain (rad/ 0.4-10-8
W)

Integral power error gain (rad/Ws) 0.4-10-8
Coefficient of linear term in

aerodynamic gain scheduling (deg) 198.329
Coefficient of quadratic term in

aerodynamic gain scheduling (deg’) 693.222
Relative speed for double nonlinear 13
gain ’
2.5 BRIGECE

W R 2L = (R B (catenary ) i 715
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&6 OO-starS &L B - [E

BIRBEY B £ W B > FKH B R Ry 160
m > YTRIRE Fy543 m o [ BRI FC A SOMERY
FCESR(AET) > EEBESEFESEES -

9.5m
M | o
44m 130 m
IR BcE B
691 m

&7 OO-star & B I &

3. BIREHE T BRI EE DT

B R E EAT B R L E SR R R
HIEC 61400-3-1 (International Electrotechnical
Commission, 2019a)EAIEC 61400-3-2

(International Electrotechnical Commission,

2019b) 7 Jal)t AR BSR4 -

3.1 18R PEE [ &L 55T
i Uit P JELE O G &l ) R TEC 61400-3-

2 (International Electrotechnical Commission,

2019b) fe Rl FE A 2 et e ek Bl = E (L B 2
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xS BE2Y
Property Value
Number of lines 3
Angle between adjacent lines (deg) 120
Equivalent total mass in water of 50
the clump mass (t)
Unstretched mooring line length, 118
upper part (m)
Unstretched mooring line length,
585
lower part (m)
Vertical position of fairleads above 95
MSL (m) ’
Radius to anchors from platform
. 691
centreline (m)
Anchor position below MSL (m) 130
Radius to fairleads from platform 44
centreline (m)
Initial vertical position of clump 90.45
mass below MSL (m) ’
Initial radius to lump mass from
. 148.6
centreline (m)
Pre tension (N) 1.67-10°
Equivalent mass per length in air 37538
(kg/m)
Equivalent weight per length in 3200.6
water (N/m)
Extensional stiffness EA (N) 1.506-10°
Hydrodynamic added mass
. 0.8
coefficient
Hydrodynamic drag coefficient 2.0
Eﬁ"eptwe hydraulic diameter of the 0.246
chain
Physical chain diameter 0.137
b s et 2 8 Vgust (1) » HEFTEOGEILE

BT -

1.35(

Vs = Min

[0.91n(T) + 1.18](

Vel - thb);

v
1+o.1(ADl))

o

HepV,, F—F B2 A+ P R

Vi Ay i 5 15 P (UL B 2 Ty P SRR > TRy
DT H

Pest J\ 2 1 o] Fﬁ&zwﬁﬁr AR
& N HERRESE -
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MHEZFIEC 61400-3- 15 HAEAEFT R FIHY —
5P JE#HHA10.5 s (International Electrotechnical
Commission, 2019a) > IEC 61400-3-2
(International Electrotechnical Commission,
2019b) Al e i i ek J\ 5 1 W] £ FH 1. S Y5 80
JER RN B NI (Teow) (E R HZH & - 1M

B N Ry iEfs (surge) ~ TS (sway) ~ i
fR(heave) ~ 15&f% ~ HEFEELRAT(yaw)HT H T
(free decay)BH] » AHFFE 5+ 5287 H%AE
BEER RIS ~ R - GRS RATE
PIRFRMEITIRBL T IR BRI E 2R
TFOW TE il L A (1.5 % Trowr) BN
6 o

226 FENEERE AR ~ 2 HHE R e A
28
Natural

frequency TFOWT 15 X TFOWT
Heave 0.049 Hz 2041 s 30.62 s
Pitch 0.032 Hz 31.25s 46.88 s
Yaw 0.0086 Hz 116.28 s 17442 s
Surge | 0.0055 Hz 181.82s 272.73 s

EOG#E 46 ol 2R {55 4 Al %8 FH Bl JE 2 (4 m/

) ~ ZHEEEERT(11.4 + 2 m/s)EAL] H EH (25

m/s) > JE (AT A 2 SR DR T [ B 2Ry O FEE (W
8) > WrJeka T 1SOPMAE Rl » EEEE A Sl
R G2 FIE R - AR R A
71 AW ZEA4RE A R HYTFOW THF I R -
L R\ 2R 2 B FEE Y AN AHTE] - IR AT 24
— AR SRR Ry 5508 » (& At Fas R

il

0] = fRfiA = O

1 B
SR = O = \

8 VA e BLE R 5 [l OFEE
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B ] BB AR IR A - YA A R IRy [ B
RBETEMRIEZES] > B RHI2FEIBRT -

3.2 ‘B3R IEEE

BET BRI 2 F T INER R E R (SR

23

T EEETERAEA
. . . Wave
. Simulation | Wind speed Yaw error L
Condition . T (s) direction Note
time (s m/s FOWT de
® | der) | "o
1 30.62 1.5 x Heave NP
2 4°9.4> 46.88 1.5 x Pitch NP
550 11.4 ~ 0 0
4 272.73 1.5 x Surge NP
*NP: natural period.
- Heave, 1.5 T, =30.61s
E 40 T T T T T T T T T
bR \ ;i
:j.’_ - N A
2 -\/\/
=
2 10F e e
c
g 0 1 | | | | | | | | |
= 0 50 100 150 200 250 300 350 400 450 500 550
- Pitch, 1.5 TFOWT =46.88s
E 40 I | | | |
B30f A .
e N\
2% ye. ]
£ \
S 10F /A =
=
g 0 | | | 1 1 | | | | |
= 50 100 150 200 250 300 350 400 450 500 550
- Yaw, 1.5 TFOWT =116.28 s
- 40 T T T T T T | T
;’ 30 35 -\ A
9 = N _—
o ~— L
Sl -
e - e,
S10F = S .
=
g 0 1 L | | | | | | | |
= 0 50 100 150 200 250 300 350 400 450 500 550
- Surge, 1.5 Trowr =27273s
= 40 T T T T T — T T T T
T30+ / \ 2]
@ —_— ” —
2 == 2
220 x
o B
=
g 0 1 | | | | | | | | |
= 0 50 100 150 200 250 300 350 400 450 500 550
Time (s)

]9

i e 2R PR [ (R SR EH R 2T AR © Vi, =25~ 134~ 114~ 9.4~ 4 m/s)
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FEET > 2021) - AR P 2 IR T Fr
FY MR = (significant wave height)BLR7 JE 7
HI(AE 10) - 1F Rat B HEEE 28 & 2 8l
F o B et BRI ERS « R AG R E)
#l(incident wave kinematics model){sf FPierson-
Moskowitz N F RIDEARGE o 1E1 8525 Bl B
EHRELNBENT » KGR 2F Lifes50+5T
E(Yu. et al., 2018)7130 miZEfE «

13 . " 710
—— Significant wave height (m)
‘Wave period (s)
12F 9
E wave period =————————p
£ 2=
k=) n
R 8 3
3 =
g 3
2 o
§ 1f = — 7 8
i wave height = /" =
=
2
7}

o
©
T
o

08" = 5
0 5 10 15 20 25 30 35 40 45

Wind speed (m/s)

[E10  JEZRBL SR (R(SRER T > 2021)
=8 SRt R
Mean wind Significant .
speed (m/s) |wave height (m) Periods (s)
4 0.87 5.55
9.4 0.83 5.27
11.4 0.84 5.25
13.4 0.83 5.28
25 0.99 6.69
3.3 BREFE DT
b S A [ Ja 2 B Al P\ 34 . Ol S

FENERE R ARWTE oy Al R 2
e F ik~ fih e 7] (axial force) B fH (bending
moment )R [ 8l K > iy =) 7 B 7S Sy HE (tilt
moment) T HRRELE A7 - BFEEET R LS R
HuidE % - B REE T RS R -

I il o B AR S s B 11 - e o B
EHH 2 i R (5o Al Ry Fx (BIHETT)EBIMYy
TIPS A DR 2 Bl e (x ) T X0 2 o 1

—H DERB112538

11 EffEEE SR 245
(Germanischer Lloyd, 2010)

ik R S A S AR AN 12 - i) o B 0
Z B EE AR (o Bl RvFz (RITEEJ)EIMYy - [T

T R A ) () o e

12 e iy R o B L R A A
(Germanischer Lloyd, 2010)

4. sTELSREE

AR RECEE A S REUR - T E B AL
JE R BLY) R RV ET AR AR T - EEh IR
et REGE R (Case 182Case 2)SLIRBE{R{F 534N

nj off
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ROBAFR10 - P Bl R R [RERE 5T 45 R (Case
38iCase 4IRS RIF T HIANFR 11 BLR12 -

ERETRGERES R T -

Case 1. Eafidfi ) ) £ 2Ky =237 Frd
BEmE&T OGS BRREIEE TR
PRy B HE DA - e KEVHETTEH RS R Ry
2,315 kN > ZGRRILAE R Z R Ry 174.42 sHy
JRAE - B S R e R A B T A B 2R
(I81.82 s)IHEFET(FESH FKO) » Z25L4% - 1E
FEAES T - FEEZ FIEOGEU HYHEE - (£
TG e E B A S EROR - BEBE S A
FECE RSN - BB b 3 AR
TEERIE D o o] E 1 3E AR e T B R A S
FERERF b2 ARRAE: -

S ENTUA R F R R IR infR R R G N 288D

AT 25

FilgEc RO EEE - RV EEST RS R
20,030 kKN-m » FHEFEEME 272,73 sk EE

HBA o BRI BN R B AR HE AR B T 1 Ry
& J70E » HZEE R50% o [5]0F HH B 1477 8l

BB ALIS R B EEREUR - HE(LIEEA
R o BSR4 1 Bl PR e 52 (L S5 Y A A
M o IR B R R B AR
RIS R RFYMy SREE SR SRR (T > £ Ry 2%
sTELRIE T AR D) LR (25 m/s)2 %8 - 3Rk
JEVBAE A rh s A AR IR NI (o R =
I AR RHTERE

Case 3. #8[m] ffy K 2 Bl [ 7 £ B2 5 VB
ZAHVE DB EE FEM S > MEEREES
E2FEEME B LT B AT E LAY

Case 2. EHIEEHEE T H2ACHHER FrEIE

B o BRI R RAS R R-6,801 kKN >

9 TERREERTRGER
Case | F,(kN) | F, (kN) F,(kN) M, (kN-m) | M, (kN'm) | M, (kN-m) Note
1 2,315 -62.55 -2,201 10,080 -957.7 3,285 i A HE T Ek B 2L
2 649.2 -470.7 -2,158 9,937 20,030 -12,560 | B REFEHEIE G
#10  FfkfRE S RAE R BRI R
Case Time (s) Mean wind speed Rotor speed 1.5 X Trowr Note
(m/s) (rpm) (s)
1 210.4 11.4 10.53 174.42 1.5 x Yaw NP
2 287.25 25 10.57 272.73 1.5 x Surge NP
T R EsREE R R R
Case | F,(kN) | F,(kN) F,(kN) M, (kN-m) | M, (kN-m) | M, (kN-m) Note
3 1,847 33.6 -6,801 10,320 2,026 2,859 ?k%ﬁﬁ%;ﬂﬂ
4 542.2 -655.4 -6,553 12,180 17,880 4,631 RE R E ZE
12 EE R R E T AR IR R
Case Time (s) Mean wind speed Rotor speed 1.5 X Trowr Note
(m/s) (rpm) (s)
3 163.45 11.4 9.81 30.62 1.5 x Heave NP
4 291 25 10.41 272.73 1.5 x Surge NP
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Case 1
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T 1T 17 13 T T 1= T _%,_“__,ﬁ,___ﬁ TT 18 Ik et o T=18 T 11 8 T3] 8 T 18
(=) (=1 f=J (=4 (= (=] [=] =1 [=1 (=] [=]
18 - 48 i 18 + 18 e e e 18 8 18 F=E e
o o o (=] o
F 18 3 18 - 18 g r 1% ~t-8 1% s 1% T HE 18 =% (g
e
R
=
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< ¥ g ¥ m._m s rl 0 1% =% SV [ 571% |/ 1%
jul
z _m o
L A L - | Im e @) o - o e o - 42 ke o - o |- 12 | Je
% g =% 3 E 8 3 3 3 8 3 3 3 g
£Ex 4
m
18 i et it : i {gr/{El/{gl={8E {8 /{8 =8| )8
p==1
o
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]
'
L1l ilg I =T | 2 L 2 Ll 2 L 11g L o | o o o % =] L il | o Q
eI~ g ©F Qg e o o o M186420 41MMMMM1 wmmﬁmmsﬁmmaﬁ1u4w 2w1ﬁ%Rﬁﬁ M%Mﬁ M1MD._1J
NN~ (=]
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Time (s)
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Wind speed

Rotor speed

Power

(MW)

Wave height

Platform

pitch (degree)

Main shaft

Yaw bearing

REB BT 526

(m/s)

(rpm)

(m)

bending Wave height Power Rotor speed Wind speed

moment (kN-m)

tile

moment (kN-m)

FRTVAZLRE = RS R RimRE R R N 22D

Case 3
16 T T T T T T
14— —
12f B
10 1 1 1 1 1 | 1 =
150 200 250 300 350 400 450 500 550
12 T T T T T T T
10 .
1 I L I 1 I 1
150 200 250 300 350 400 450 500 550
12 T T T T T T T
- -
10 //\/\_’f
o = 1 | | 1 1 1 =
150 200 250 300 350 400 450 500 550
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Dynamic Analysis of Giant Floating Offshore Wind
Turbine under Extreme Operation Gust Condition

Ting-Jiun Wu'~  Wei-Nian Su>  Chin-Cheng Huang’

ABSTRACT

This paper presents the dynamic analysis of a floating offshore wind turbine (FOWT) consisting of
DTU 10 MW reference wind turbine (RWT) and the substructure of LIFES50+ OO-star semi-submersible
platform. The extreme loads on the main shaft and yaw bearing under the extreme operation gust (EOG)
model as defined in IEC 61400-3-2 were calculated using the FAST v8.16 software developed by NREL.
The simulation results showed that the rotor speed was quite unstable due to drastic changes in wind speed
of the EOG model. Also, the overspeed situations occurred in all of the extreme load calculation cases. The
extreme bending moment load cases of the main shaft and yaw bearing were found under the cut-out wind
speed of the EOG model. The extreme load cases of the main shaft (thrust) and yaw bearing (axial force)
occurred owing to the gust period close to respectively the natural periods in surge and pitch of the floating
platform, which had an effect on the power generation up to 36.4%. The effect of long-period gust will be
significant as the natural period of the floating platform increases with the growth of wind turbine size in
the future. It is suggested that the characteristics of the pitching motion of the floating platform should be
taken into account in the structure design and stability regulation.

Keywords: Extreme operation gust, IEC 61400-3-2, DTU 10 MW reference wind turbine, LIFES50+
OO-star, semi-submersible platform.
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