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Abstract: At present, offshore wind power is developing continuously in Bohai bay. Ice~induced vibration re-
sponse is an important problem faced by offshore wind turbines in Bohai bay. Based on the integrated numerical
analysis software of offshore wind turbines, the dynamic response of single pile offshore wind under floating ice load
is studied. This paper focuses on investigating the variation law of load dynamic response of monopole offshore wind
turbines, studies the influence of different ice load numerical models, ice thickness, and ice velocity on monopole off-

shore wind dynamic response, and carries out the influence law of single pile offshore wind dynamic response of ice—
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breaking cone structure. The results show that the calculation results under different ice load numerical calculation
models are quite different. The tower foundation load and mud line load calculated by Matlock double tooth model are
the largest, which are 2.2 times and 1.3 times of that without floating ice, respectively; The dynamic response of
single pile offshore wind turbine increases with the increase of ice thickness, and the change of ice velocity has no ob-
vious effect on the structural load of single pile offshore wind turbine. After the ice=breaking cone is adopted, the ice
load acting on the single pile offshore fan is significantly reduced, and the shear and bending moment at the tower
foundation and mud surface line of the monopile offshore wind turbine are greatly reduced. The maximum values of
the shear and bending moment at the tower foundation are 82% and 95% of the structure without an ice—breaking
cone, respectively. At the same time, the ice—breaking cone structure can greatly reduce the ice load on the structure,

and its maximum ice load and standard deviation are 5% and 7% of that structure without an ice—breaking cone, re-

spectively.

Key words: offshore wind turbines ;ice—induced vibration ;numerical analysis ;ice—breaking cone
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Fig.1 Diagram of dynamic ice load model
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Tab.2 Combination of ice—wind load cases

VKR /m 0.1,0.2, 03,04

UK/ (mes™) 0.1,0.2, 0.3,0.4

3 #R5WE

3.1 AEKEMETEER KT

ERPSENGY, €= % €L UL W IN
2 KA 28 118 A 2 X H . 2R AN ) K 2 6 i A 7
THELE, BRI b AL T A2 oK faf 25 ] . SR F Mat-
lock BT AR A 150, LA XUAIL T 22 VK far 2 5 K, e
K214 3 500 kN ; R HEAE R 26 R OB B HEA T35
PR RUHIL T A2 UK Air 2885/, B KAEZ9°4 1900 kN.ISO
o5 WU I RUHL B ST R AR K fr 2 TR 2R 56 2 20 Ok
FHISO ML AR KIE 0.2 m F , vk 1 2 19
KAEH 3 000 kN, K vk fif 0 BB T3 45 R 5 45
JEFEAT R HE AT, R ) Matlock B k47330, 3
GERAE P R EE S/l

5000 —— —
Matlock PAGALR  — o - Matlock XA 455 Y
soool T AEFEAABTY — 150 MR
z ] ! N 1 N 4 N 4 . I u
3000 p——p—A—p—i—p—
# ¢ : T r . ;o ) r
£2000F 11 {1 i
% '-' ,," s L. i Vo ;4' 1 V4 L 1,4‘ .
1000F B VRV REVEVEVEVEVEVE YRV R
J " Ji

800 805 810 815 820 825 830 835 840
1)/
(PKJEE:0.2 m, K 0.2 m/s)
B3 R RERALE T 890k Ay A ol
Fig.3 Comparison of ice load between different ice

models (ice thickness:0.2 m, ice speed:0.2 m/s)

B ORI o 3 LT KU - 1, RIAC D5 1) 35 3 |
YETHT LR AL ST 1) 7 A [R] K SRR T #9952 4%
PEULIE 4. F0rp 35 IR DR THITZR Y ) LR B b v 2
R R AR DA B A DG DA R 68 IO 14 4y 28 9 I
LR

7 3.0

6 -

‘ 125
wal 20E
& K
E3r L

. - 15

" I e T
ﬁ;ﬁKﬁ” Ma\\oc\ﬁ;‘é‘u g &,\at\oc\(g&\xl g AHE\ }}"}C,}& s

UREAEAY
(a) I HE
2o[ ek —e— R (007)) -0 e () |
B R (Y1) - O- B R ()

22 17
¥ 19F ¥
=16} =

5&
e -
= 10¢ il
.t 13
‘1‘.._ = 1—""—"-' —»-79\3 ,w;{-\\::-:.g %1\3
/jc,ﬂmﬂ i&t M at\‘)‘:k Elj\ﬁ’fﬁwj‘;‘\og\( 1}7\‘\{1 k% ;\;@}5 917;5[7“% e
PR
(b) eIk

H4 REREBAAER FTRALREOEALE RTHR
Fig.4 Comparison of tower base and mudline loads

under differnet ice load models

WME 4R TEKVERT B3 8Y ) 538 5 52 0K
R SR R AP S B, LY sh AR AR T R R B
AN VKRB RS HE 5 T DA S 2 R B
BER 25 5 A0 P T HA UK 28U T BB AL, Matlock
XU A A T B 45 S e K, B L 5 ) 5 4 0 B KAE 57
FRTCIEKER T 12,2455 1.34%.

F G T 26 BY J) 55 25 50 2 R TR DK 2B (A R 1
By 7 o7 AR T AR R T S A e e PR UKYE
T VR T BY g DL RS A7 vk SR sl e SR R
P AT KR AN . P 4 (b) Al PR T2k 5T 7 A K
B AZ VKSR SN VE T (bR o 22 55 KA 730 o T K
YEHIT 19 22.005 5 7.0 , B AR 3 501 R T2 vk A H
T 55155 2.04% . 53 I AR G LB 2L,
SR i i R i A TES A N U E - R e
Ak s R IRIBL, 5 7= e 25 R 9 55 3R
3.2 UKIE vk E XTS5 4 Bh 77 0 K2 B 2 M

AN B R0 R R AR A SR 5T AE AN (]
UK LA S oK R, BRI 1 XL A2 45 4 K 3 B 3l 1Y)
) g 3 R . B 5 SR G5 A TEAS [R] KR DL K oK T
BRI b RAILIT 32 DK Aar 2805 KA 25 S 3 - UK 3%
Wi I K T P 388 o o 34 o



160 PN QR 2] 2022 4F

4500 kN
820
3500 920
~ 1020
K 1120
) 1320
* 1420
100 - 1520
1620
500
0.1 0.2 0.3 0.4
5 R Eokik vl Bk G kAT R K AL VKR /m
Fig.5 Comparison of ice load under different (a) R KME
ice thicknesses and speeds 0.4
kN
P 6 S ST P B B i W5 0 3 g A I£
SRt 3R 3.3 4 005l 9 AN R RGPS ORISR 1Y 80
S 5 T 2 o AR 0 A 2 5 558 tos
HI 1 6 LA K3 3 R 4 nl 1, B B D) K e i 2 v 155

I A 2, S80S 9 K
A5 885 4 5 8 TR AR B B (R A K LA
S H1 ) AR KR (0.2 mis) AN UK JEE £ 2 5

180
l 205
230

Sy e KA 5519 : 912 KN 1 070 kN .1 210 kN BA % ol 02 03 0.4

1350 kN, 3 05 23500 4y = 17% 33% LA I 48%; AR ] vk UKJ% fm

JE (0.2 m) T, AN [R] vk 3T 4 85 Bk B g 5 R AH 73 31) (b)prifizz

A7:911 kN .1 070 kN, 1 100 kN DA Az 1 180 kN, 14 figi H6 REKEARZKGETFTHETARKMEATEZ
SR 17% 21% VI J2 30%. A FE T 17 2% e Kl , Fig.6 Comparison of maximum and STD tower base shear force
[F] Pk 5 VK JE S i 2R AR T 22 3 B R s under different ice thicknesses and ice speeds

x3 AEKESKETEESEALBTRAE

Tab.3 Maximum tower base and mudline load for different ice speeds and thicknesses

VKR /m VKiHE/ (m-s™") FEFLTT J1/KN WIS HE/(KN-m) Ve sy J1/kN VT 4E /(KN +m)

0.1 8.39%10? 6.27x10* 1.48x10° 9.55%10*

0.2 9.12x10? 6.24x10* 1.73x10° 1.00x10°

o1 0.3 9.24x10? 6.33x10* 1.85x10° 1.04x10°

0.4 9.71x10? 6.42x10* 1.96x10° 1.06x10°
_____________________________________________ o

0.2 1.07x10° 6.59%10* 2.66x10° 1.17x10°

02 0.3 1.10x10° 6.72x10* 2.88x10° 1.24x10°

0.4 1.18x10° 6.88x10* 3.10x10° 1.28x10°
_____________________________________________ o

0.2 1.21x10° 6.95x10* 3.60x10° 1.34x10°

03 0.3 1.28x10° 7.13x10* 3.92x10° 1.43%x10°

0.4 1.39x10° 7.36x10* 4.23x10° 1.49x10°
_____________________________________________ o

0.2 1.35x10° 7.33x10* 4.53x10° 1.52x10°

04 0.3 1.45%10° 7.57x10° 4.94x10° 1.62x10°

0.4 1.63x10° 7.83x10* 5.37x10° 1.70x10°
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Tab.4 STD values of tower base and mudline load for different ice speeds and thicknesses

K5 /m UK/ (m-s™) PERLGY JI /KN PE LA/ (KN -m) Ve 5T J1/kN JE L 24/ (kN -m)
0.1 4.02x10 2.41x10° 1.78x10? 4.87x10°
0.2 5.25%10 2.51x10° 2.32%10? 5.82x10°
o 0.3 6.06x10 2.57x10° 2.58x10° 6.28x10°
0.4 6.68x10 2.63%10° 2.84x10? 6.65x10°
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA L
0.2 8.89x10 3.45x10° 4.63x10° 1.04x10*
o 0.3 1.06%10? 3.61x10° 5.16x10? 1.14x10*
0.4 1.19x10? 3.76x10° 5.65x10° 1.21x10*
........................................... L
0.2 1.28x107 4.69x10° 6.99x10° 1.53x10*
o 0.3 1.54x10? 4.93x10° 7.79x10? 1.68x10*
0.4 1.74x10? 5.16x10° 8.49x10° 1.79x10°*
........................................... s
0.2 1.68x10? 6.08x10° 9.38x10? 2.03x10*
o 0.3 2.02x10? 6.40x10° 1.04x10° 2.23x10*
0.4 2.28x10? 6.69x10° 1.14x10° 2.37x10*
U6 T 28 280 A 0 ik 33y 52 DGR LA B D2 52 i) B T TTRE R E IR
R LAY THT 2R 75 R A 4] AR ] K (0.2 m/s) R, AN ] 12} e TeIIE
VKRR Y6 1T 2 25 A 45 K {H 5393 O+ 1.00x10° kN»m, Lol K| RER | Rk | bR
1.17x10° kN+m, 1.34x10° kN+m L) f% 1.52x10° kN -m,
KU 5339109 - 17% . 34% LA K% 52% , V8 1 2 25 5 o £ 7
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