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ABSTRACT: The work aims to investigate the dynamic responses of offshore wind turbine impacted by a ship and the failure
modes under different operating conditions. SACS software was used to establish a dynamic analysis model of the DTU 10 MW
monopole-supported offshore wind turbine and p-y curve was adopted to simulate the pile-soil interaction. The dynamic re-
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sponses of the offshore wind turbine were calculated under different impact speed, impact angles and wind load directions, and

the failure modes of the wind turbine under shutdown and operating conditions were investigated. The maximum nacelle accel-

eration and tower top displacement of the wind turbine under wind load increased by 8.5% and 68.1%, respectively, compared

with those under no wind load. With 5 000 t impact ship as an example, under the shutdown condition, the wind turbine suffered

failure caused by nacelle failure when the impact speed exceeded 2.13 m/s. However, under the operating condition, the wind

turbine suffered failure caused by the deflection exceeding the maximum allowable value for the impact speed exceeding 1.88

m/s. There is no obvious difference between the acceleration responses of the nacelle under the conditions with and without

wind load, while the tower top displacement under wind load increases significantly compared with that under no wind load.

Finaly, the critical values of impact speed are proposed according to the failure modes of the offshore wind turbine in shutdown

and operating conditions.

KEY WORDS: offshore wind turbine; monopile-supported; ship impact; dynamic responses; wind load effect; finite element

Bt i XU IR kR, R AT,
AR b RAIL 2 18] & A 1 0 o] R Mt e g 4
AR AN B XML 2 (] il AN A2 1 XL &5 44
WORRI &5, 2t TAE N G i B A 6] 72 B Y
i B0 R, T RS ARG I X & B LAY
B 30 AN AR A 5T, X e e ANE W is 1T
A W B B SO S BRI FHAE -

Bl AL &R, BB T 2B AT AR
&Rl XS & B HLZH 22 A e i B T RO
Moulas ZEMIT & T —FhAE LM A BRICEUE 20 Hr 7 1
(NLFEA ), LLVFEARL RUBLIEAE -5 05 0 66 48 e & 2 #5130
AR T . Hao 251 I RT ML A FROCAE ¥ LS-DYNA H
BT A5 UKL LE T A 42 ek XUBIL %) o 1, 6k AS ) it
&R XMLEIT i PEREHEAT T BIFSE A LA 3 2103
WEFE T A2 5 2 W =X S35 7 & A A [R) i 43 7 8
il 48 3 32T 255 4 g i) I AR A T CBIESE TR RA
P 5 RUHLAY B R RE A& A AL, T e A4y
B A A BIE 48 P 25 5, DA T A [R) 2 78 XUIL 1 o 48
e, JXF 5 ma KL B 4 P e 9 S 86T T L4k . SACS
AR D AR S A ST B R 2 A
B SACS X[ % i V-5 2R T T R T
%[15-1710

HHET, BN XA o XL E A T R f i
SR TAE, SR L wF o AR EERE T 5 MW LN I XL .
Bifi 5 HP AR R D B AR IR 5T Rk, KRITPRRALE 4
BCR T AT R A, E A DA AR R T R
IXAILEY B ) o7 Rk B 2 3 Ul 9 o Rl AsE, 3R iF
RREZEA % B2 e, i XL KT
FI7 I, WAHLIZS S s F 4 W sim, Zmg2s
SN S — 2 R FRER R RROR, B
S A ESTE I E 1 WAL |5 6 - Ry A S | A N 2
& TS s e KWL ER,, JFRE DTU 10 MW
I B RUHILEG FA) BilE F5 50 7 el B AF 5, A XU s
FEAE T B9 RSO o AR SO 98 T AR 6 XL S il
MR B A B B — @ B T8 5 2 U SE B v
VRIS

1 itEE

1.1 HfEsh AR

A0 50 1 RUHILRIE i 2 i 2 ) R 2 Bl AR lE
B R (1),

[M){E}+[Cl ) +[K (e} ={F (1)} (1)

A M) BT [CIAT CBHJE s [KTN)
SCWIRE s {3 RiReln it ; {FYR) X yma, Hi,
{ F}={ FaerotFuavetFeurrtFanip} » Faero MR ; Fuave
KB IRATT R 5 Four MFTLATER 5 Fonip J AR AR 5 fir 28
P 7E AR S SRR XA 28R 90 48 o A 28068 JRUAIL
FRSEIN , BOHE YR R oy 2 22 6% o LA ) R0 3 J X
H 2203, FEARKE R

E() =M F(1,)+ 1 (6,) =K (6,) = CE[ 30 |
§|:t(n+l)/2:| = §'|:t(n—1)/2:| +& (6, )(tia +1,)12 2

g(trwl) = é(tn )+ é|:t(n+l)/2:|[n

A Un-1)2 =
(tn +tn—1)/2 5 t(n+l)/2 =(tn+1+tn)/2 5 ‘g(tn) N é(tn+ilj2) N
(1) P 1, BTSSRI | 1.y A 41
FE 1,0 P2 SRS
1.2 RE#Eit&EER
1.2.1 4MEBIRLIA

AR I RT A3 Sk H R AL, B A TR T X
HUE AT RER A8k o o 5 WG TR 2, % R HX
YIAR 5200 5 it i X370 AT LA 3k 78 2 # K_E &mik
S A, A R AL AR, fE i ) ) 34 22 A
o WHLTE SEBR TAE i i RS2 i XL, 7Tl 3 5 e
RIEBENUB AL SE I, H XS0 R A o R, X
TR, Rl S ) JURP Y 25 08 ) i G B
o B, AR E & R # 17 08 X Tt
ey 38, Hedei RHE ) B9 8E WE T (114 mis) ;

Lia=t,—tas L, =00



- 100 -

2023 4 6 A

Xt B B XA, 5 B8 I U1 A RO BEAT AL, RITE
VAL 9 0 m/s 23S NS5 T Ak Y 11.4 m/s,

1.2.2 MHREFH

R MR -3 &t ( Blade Element Mo-
mentum Theory, BEM ) 580 B Xfmfdk. & 5kt
U R o> B A B, X ST B RTAR iR . A
P BRR VR X se R B SR gE, RS
R - Ji 1) AR 31545 AR R AR 4 ik B Ry 0 A
JifE . FERTES MR EAHE A sE L (3) A
:Tit (4) [18—20]:

do = % PW?BC(C, cosp+Cysing)sr (3)

dT:%pwﬂBc«qgn¢+cgam¢y6r (4)

X p NSRBI, WA RURE; B X
MG CONMPERIZE o AWM C. Cy
BRI Z T RBCNBE 1 2480 or MR
MK ; r R SRE PO,
1.2.3 EHRESE

PR g AR 450, Ve T Ly
AR T A ESS, KW B S5 BT RUR
JE , A T3 B i XA 2T DA PR S B XAy b o4 1 9
DI FHm AR SR T 4 IR (R 4 M i i ) B2Y
FIRLAE , 35 B KU bR (] 4520 (5) 315

O = P 10 ()

K o NG5 2 e BE AL B B T AR b 4 U
AR, KNIM?; B z RREAL KR BB us
AT BRI 22505 N 2 0 A Y XU B AR AE R 8
wo NIEARNE, KN/M?,

1.3 SACS % COLLAPSE ##Rit&Eifi 12

SACS #f COLLAPSE #ibit AL anE 1 fr
IR X AT faf 28 B, (RS R I T B C R (5 S
KRR R QA R BE i o SRS HEA TR AR BE 224
CALFEZME SRR FRE IR (R 52 M ) RN S Bl 1) 8 2540 ( A
AR MEAE AR ). fE 2R NI kRt R,
SE SR I R L TR, - 5 e i ) s AR i o A%
FTHH o ISR AR S BB, DU FH 1S A5 8 & R o B
DI RCRERG L ANE T Bk B T BT I AR, SRS
HE NI, EE A RIS 2.

2 HETTHE&ER

A JXUATL 18 40 B A B

ASCLLPF R K 2EBER N Vestas A ] 3 [F]
W& B DTU 10 MW RUJHLFERL TR S, KUABILEY
FEFITSHILE 1, Mg TR SACS #Ar i
A FRICHRIDLIE 2, RHLEEREZE R 3T /KRN 40 m,

21

X FAL ARG,
Ei TR
AR B oA

BT
ORI | [BERHRIRERAR
(RufERE, | | RiEEg
FEREREM) | | /3080
i F A BT 2 L
L) B ) P B A
AR
JURIBERERE o TE2 R R BRI AR R AR o,
£ W AEIIREIEAR,

W5 e R
IR AT LR

BB RS A 22

Fl1  SACSZ#{} COLLAPSE fiHei |4 i i
Fig.1 Flow chart for calculation of COLLAPSE module
in SACS software

#£1 DTU10 MW RS
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Fig.2 Schematic diagram of monopile wind turbine model
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Fig.5 Nacelle acceleration responses (a) and tower top dis-
placement responses (b) at different impact speed
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Tab.4 Nacelle acceleration under different impact angles

m/s?
1E4# JULEE
x [A] v 1] x 1] v 1
o] 4.833 1.721 4.646 2.526
B/AME 5721 -1.479 -5.255 -2.860
FEME —0.444 0.121 -0.305 -0.167
i ifiE 2 5.277 1.600 4.951 2.693
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Fig.10 Nacelle acceleration response under wind load in

different directions
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Tab.6 Nacelle acceleration under wind load in
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Tab.7 Tower top displacement under wind load in different

different directions directions
m/s? m
Wagorm R RME CPEE ARiER WETre RRME RAME CFBE bREE
0° 2.514 -3.103 -0.295 2.808 0° 1.681 -0.208 0.737 0.945
90° 2.546 -3.055 —-0.255 2.801 90° 0.979 -0.869 0.055 0.924
180° 2.586 -3.006 -0.210 2.796 180° 0.277 -1.532 -0.627 0.905
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Tab.8 Nacelle acceleration and tower top displacement values under different impact speed
T B /(m-s72) A RS /m
1m/s 1.5m/is 2mis 1m/s 1.5m/s 2m/s
. . SN E 2.417 3.625 4.833 0.954 1.431 1.909
LT )
f/MHE -2.86 —4.289 -5.721 -0.783 -1.174 -1.566
PR IZPNI:N 2.514 3.782 5.063 1.681 2.166 2.655
BT T
f/ME -3.103 —4.634 —6.159 -0.208 -0.642 -1.076
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Fig.12 Statistical distribution of tower top motion responses: a) nacelle acceleration; b) tower top displacement
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