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Comparison analysis about ultimate load and fatigue load of floating wind turbines

ZHANG Youwen, WANG Yingguang
(School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; According to the load cases in IEC61400-3, a 5 MW wind turbine developed by NREL will be used as a basic model for the
research, and a FAST code will be applied in order to conduct the Aero-Hydro-Servo-Elastic coupled analysis of the wind turbine. For
the short-term loads resulted from simulation in time domain, a Block-Maximum method coupled Gumbel distribution will be applied to
predict the ultimate load of the wind turbine; The MLife software, the rain flow counting method, the linear cumulative damage law and
the S-N curve as the background theory are used to calculate the fatigue load of the wind turbine. Under different working conditions
the floating wind turbine, monopile offshore wind turbine and onshore wind turbine’ s ultimate and fatigue loads are compared, and the
effect factors of floating wind turbine’ s dynamic response are discussed. The results show that for land-based wind turbines and
monopile offshore wind turbines, wind is the main load source. But in terms of floating wind turbines, wave is the main load source;
wind turbines’ design should be based on the specific environmental ( metocean) data to avoid resonation; within a certain range of
assembly error, mass imbalance hardly has any impact on the loads.
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2 BEIHE

Fifi b JRUHILA5 7 38 R B 288 iy 559 57 28 A () B0 3 1)K 3 TEC 61400—-1 F1 TEC 61400-3 T.#% DLCI.1,
1.2 4735 X B o, O B B rh e A - RG B v, = 12 m/s, W Kaimal KUp50E , KUAIL
AR , Dt A0l R Ak e 3 7 DRSS Ay v 2 7 AR HP X R ah S v o X 3 S A7 R AT IR 2y 5 9% 57 i 15
ﬁ'*ﬁ,)iEXRLHL A9 T A IR R A ( RootMyc1 ) AW R B ( YawBrMyp ) | pra Sy - o o [ 7 R
(TwrBsMxt) &R B B ( TwrBsMyt) AT BIR 28y 5 95 55 28 Amr RT3
21 WREBFIHERE

TEC61400 A2 FGE 4N 5 AR 4l J 399 280 Aoy T 000 4 30 2y, R R A A R R L L0 3 T 0 XL
BLERAT L, A E AR P, T A XML 1

Py=PIL > L] = [PLL > L,|X =x]f.(x) dx (1)
Hirp L (x) WIS REHLAS 3 X E@ﬂ%%*%%%gﬁﬁ;L Ry AL Ay BEHL AR 5, X 45 A [A) PR3 Bt ATL AR & 11

R PL > L, | X = x] JEATRS AT 45 24 109 0 b M 5 | DTS 21 H bR 2548 44 L2k
il o ELAEBUME LG (FR TR RO, T 2R S T Iy PR AL A B A 25 Bl el i



%3 FRAC A i XA UL FR AT -5 982 57 84 X LE 20 BT 59

XRS5 FOTA 20 2 10 min B2 JE B, XUPLE T 4r 20 4F, 20 4F4E47 20 x 365 x 24 x 6 =
1051 200 4~ 10 min BEL, WXHLR AR (B0 Ly, > Ly ) p, < 171051 200 =9.513 x 107, FHHR
SIHUAE IR Gumbel S35 HEAT AN S BR AR A7, RIVHE A 20 i o B 8 gy A s )2 370 3 B N e (g B
AHE ST ) IO RAR , A5 35 20N ORI ECZH M, #1700 H] Gumbel 4341 180G 4020 M, A 4 XL
RN RIS 5 a T AR R B, 2 (2) F1(3) 205028 Gumbel 34 R KRN B pREK .

(x-p)

Flosu,p) =e™ 7 (2)
f(x) _ ;e(xﬁu)e_(xl—;m (3)
A s P SR A 2 KON BR G 30,8 24 Gumbel 73 A B9 S
T (4) F o BRI SR fifp IXURIL ) RARE 3% i 5

Fz(l —1jA (4)
Py

Ly =p —=Bln(-1In(F)) (5)
TF 58 W R FAR K ARUSR 125 () Gumbel 23413 AT A5 2IRE B Re e A AR B0, IR LR (4) W 240w, B I KA
SRILAUA K
22 EFHEIHERE
WFFE AN S 80 (2 vt RS B A S-N 28 R BEIE JERE | L) MATLAB A4 T E. i F NREL
W2 1 MLife" " 13 XUHIL A% 55 2T
Mg Miner 2RSS XML BRI 2FL D R

D= Zf (6)

s n, N DT OLEATIEIRREL N, 8 S-N EE%%iXﬂ“ T AT I Y P A U\éﬁt
BERAAE) (AR AR A8 SR AT I 280 (18T X5 (X 8 A7 1) 90 97 WA A AR S e, I ) MLife $EAT9% 97
FATHAR WK Goodman 44 1% 146 IE (#5245 %Eﬁ@%,ﬁﬂfﬁ ):
- Z N(L RT) (7>
Horp, L™ SRk T [ s B (R e, v, 5 L 3@?

LY ult _l LMF |
N; = LL. RF (8)
2 i

] Lult _l LMF |
LY=L 9
i i (Lull _l LiM I j ( )

Horp, L™ R KU R 2R 5 L A P35 (E s m A Wholer 355 L™ W5 MG JE WA 359085 L™ A
55 i MG EIABTE . X Wholer F85, 7E 1T AR R 55 ZAar B m = 10, 715 f Ul & R )G
T 57 Z AT AT m =3,
TERFFE RHILE 57 28 far B 2 B335 KL Y S5 80 R 2 fe7 ( DEL, Damage Equivalent Load) , DEL B[l A 48%%
Uk B0 38y LA 1 7 31 3 - 390 1% 2 28 4e LA 14 1 E‘J‘fﬁ fhﬁ{éiﬁ%ﬁﬁf LB
D= 2 ﬁ W (10)
=T (11)

Lull _ | LMF | m
N = 1 12
?DEL (12)

) R 2 g M (L ik 5



60 ped T P %33 4%

Fovp, 2 O DEL BB s T 8 ar i g 18] 5 o Sy B SRR ER KL N Oy S-N i b 0007 7 38 Ay e 1L A 55
G&ﬂﬁﬂ:ﬁ\ﬁo W Goodman F4) 1 1 E 20 (12) 15
> (g (L,")™)
DEL =| (13)

eq

n

2 FENE B UL A R S AS B FAST 15 5017 10 2H B AL B 2 DR A 7% 55 1138 o0 b, )
E(Z(rL, (LiRF)m)) m

DEL,, =| 1 (14)

eq
Z n;
J

3 BUE T
31 HEER

B 1.1 505 EAEAY 1.2 5RO B DA K 2.1 759 B R 2 1155 05 T A B 00 2% S 5o BIR 2
R 1 R, AL E A kKN « m, HiH A—Onshore, B—Monopile, C—ITIBarge_8 s, D—ITIBarge_12.4 s, E—
ITIBarge_18 s( FIAl) ; MR 2.2 49 55 8Mar 58 J7 1%, W Milife 315575 21 A S5 R BIR B AT 3% 2 B

F1 RKARR T F2 RAHESHRTE
Tab. 1 Ultimate loads of wind turbines (kN - m) Tab. 2 Fatigue loads of wind turbines (kN - m)
T  RootMycl — YawBrMyp  TwrBsMxt TwrBsMyt T RootMycl — YawBrMyp  TwrBsMxt TwrBsMyt
A 2.208e+04  1.20le+04 2.397e+04  1.352e+05 A 6.34e+03 2.66e+03  4.69¢+03 1.35e+04
B 2.190e+04  1.120e+04 2.851e+04  2.273e+05 B 6.21e+03 3.39¢+03 7.54e+03 2.16e+04
C 2.368e+04  1.653e+04  8.239e¢+04  5.207e+05 C 8.90e+03 3.83e+03 1.95e+04 1.05e+05
D 2.741e+04  2.373e+04  1.294e+05 7.253e+05 D 1.18e+04 4.66e+03 2.47e+04 1.31e+05
E 2.449e¢+04  1.722¢+04  1.150e+05 5.470e+05 E 9.86e+03 3.78e+03 2.26e+04 9.40e+04
32 ZROW
W4 R UL BT BN 3 4 s
3.00e+04 NA 1.00e+06
ZE 2.00e+04 — = ;
< w5 C = 5.00e+05
= 1.00e+04 - =
%_ il D %
0.00e+00 ‘ = XE 0.00e+00 = :
RootMycl YawBrMyp TwrBsMxt TwrBsMyt
(@) (b)
B3 RULIR B 2
Fig. 3 Ultimate loads of wind turbines
1.50e+04 NA 1.50e+05 NA
£ 1.00e+04 =B £ 1.00e+05 =B
= 5.00e+03 — = 5.00e+04 —
= Mo = il
0.00e+00 X E 0.00e+00 & E

RootMycl YawBrMyp TwrBsMxt TwrBsMyt

(a)
B4 AL 55 #fir

Fig. 4 Fatigue loads of wind turbines
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