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Fig.2 Flow chart of ABC algorithm
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| P RS R 2

A
i M T ¢
3o Py |, Y 1 y
s e PP s et P T
TMD |<-|
]
TARFER

S FAEH

B == ‘F%B%lfltﬂf:iw%éﬁ | B

I_. |
| wesnzs |
L

| BEEERS

B 7 FAST i £ RHLE K AE & B A 2 AT in &2

Fig. 7 OWT fully coupled model analysis process in FAST

3.2 TMD B4 0E

i3t A E R I R T 58 UE 5 T XL
TMD Wi [ H B fa A A5 8 ) A 1k 5 59 TMD I8 %
i RV 3 B TS o Bl 7 m RN 1. 0 m WG
N, 142G JC TMD 35 7 150358 43 % Hif S5k | 45 2k e
NN 8.9 Frow. M IE AT, Pifk 5 TMD A7 25 i
Pl T A2 AR B Sy 3 0 R 0 U b R i T
RIS S e
3.3 TMD MBS

AR SCHEHL 4 FPAR R E B0, LA R R 25
INFE R VEAN BRI SR S 4 ] TMD %R [R5
ARG 1 RHLAE RO R T8 B 00 0 W 25 3500
FBRTT 30 s BUHE AT GE A5 B wi R AR o 25 e IR
3O T AT 45 T80T g S5 B o 25 08/, 45 T
LA TMD 2808 - 80O W3R 3.

15
10
0.5

0

05

10

S/m

"0 100 200 300 400 500 600
t/'s

B8 3 f T 6 A0 7 B 4 42 Rl 2 R
Fig. 8 Control effects of tower top displacement in

the time domain

0.4

------- FETMD
ZEMFST —— 45 TMD
03F V4
g ool |
= 0.2 ;
01F

0 02 04 06 08 1.0
f/Hz
B9 36 TH6 A # 01 42 Rl 3 R
Fig. 9 Control effects of tower top displacement in

the frequency domain

A=2"15100% (9

O3
A hy e R AR E 22 B IR o0 A TMD 45
W) 13 B 14 22 50, R T8 TMD 25 K4 M 1o s 1 2.

%k 3 &t TMD % %Rk 2% &

Tab. 3 Vibration reduction effect of optimal TMD

parameters
T B 6 oA N2 3% o o 22 9/ 3/ 4
1 0.33
2 0. 44
3 1.51
4 38.53

T 1 KAL) T00 358 57 A% s Ja 4 ol ek SR 4n &
10 fros. & 10 IF45 &3 3 £l T, %0 KXHE
PUF T8 1, TMD Xof 38 6 15035 057 B s o 22 0/ %6
M 0. 33 % s A WGk T 00 2, TMD X #3715 356 43z
FEARE 22080/ IN 3 R 0. 44 Yo 5 8 RGH DL | T80 3,
TMD Xif 35 1] 100 5 07 B b o 22 08 /N R Ry 1. 51% 5
S HL T8 4, TMD Xt 35 8 T008 07 % A o 22 /N 3
1 38.53%. LEA A TVEA 46 A5 0T 45, A X T IE R



438 A # # L X # % 62 %
0.20 0.010 - - - FXTMD
0.18 0.008 — HTMD

/)XU/H)T
g 0.16 b= 0.006 LM
“ 014 = 0,004 |
012 0.002
0.10 e . .
550 555 560 565 570 575 580 0 0.2 04 0.6 0.8
t/s f/Hz
(a) THL 1 () T8 1
0.30
:%iﬁg 0.025 =y
0.020 — HTMD
0.25 1
E g 0015
%) ~
0.20 = 0.010
0.005
0.15 1 1 1 1 1
550 555 560 565 570 575 580 0 02 04 06 08
t/s f/Hz
(=
(b) T 2 by T2
025 - -~ TMD 0.030 =D
— HTMD ---
0.20 —— AHTMD
g 0157 . 0020 1 jags
“ L
0.10 :q EZ ARG
005 | 0010
0 1 1 1 1 1
550 555 560 565 570 575 580
ts 0 0.2 04 0.6 0.8
f/Hz
(e) T 3
() T4 3
0.08
0.06 0025 - - -JFETMD
020 + — 4 TMD
e 004 0020 e
G 002 g 0.015 ,/
< i
0 0.010 :
0.005 | b
-0. 2 1 1 1 i i us
550 555 560 565 570 575 580 el -"*'M«— L
t/s 0 0.2 0.4 0.6 0.8
(A T4 f1Hz
H10 AW Ir & TIOUT 8 & W3 A% (d) T4 4
12 | 3 R & T BT UL T 6 TES AL A A 8
Fig. 10 Time domain control effect of tower top = 4 % R

displacement under various design load cases
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Abstract: Due to its large height and small cross section, offshore wind turbine (OWT) is prone to
vibration and deformation under the wind and waves. The passive control method commonly applied in
the field of industrial buildings, such as the tuned mass damper (TMD), multiple tuned mass damper
(MTMD) and tuned liquid column damper (TLCD) is widely used to control the structural response
of the OWT under extreme and fatigue conditions. The research on passive control of 5 MW jacket-
type OWT is carried out. Simplified numerical simulation model with two degrees of freedom (2-
DOF), the OWT first order bending degree of freedom and the TMD horizontal movement degree of
freedom is established under random excitation. The stiffness and damping parameters of TMD are
optimized by artificial bee colony (ABC) algorithm with the standard deviation of the tower top
displacement as the optimization objective. The aerodynamic-hydrodynamic-structural dynamic-control
system fully coupled simulation model is established in FAST for dynamic analysis, the applicability of
optimized single-frequency TMD and the mechanism of reducing vibration under operational and
parked conditions are studied. The result shows that the TMD based on the 2-DOF simplified model
and optimized by the artificial bee colony algorithm can effectively reduce the standard deviation of the
tower top displacement. The dominant frequency of the tower top displacement is the fundamental
frequency of the OWT under the parked condition, the simplified optimization design model of TMD is
reasonable and can be applied to the optimization design of TMD parameters for the first order mode of
the jacket-type OWT. The wind frequency dominates the structural responses under the operation
states, so for the control of the responses of OWT under such load cases, the influence of random

excitation of wind and wave should be considered.
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