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Nonlinear coupled model and TMD vibration control of barge-type
floating offshore wind turbine under combined wind and wave action
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Abstract: Capable of capturing offshore wind energy, the floating wind turbine is one of the primary research interests for research-
ers in the wind energy community. Researchers usually adopt two-dimensional low-degree-of-freedom simplified planar models for
offshore barge-type wind turbines, where the model parameters are identified by the nonlinear least square method. In this case,
the accuracy of these models depends highly on parameter fitting. Given the unique structure of offshore floating wind turbines and
the surrounding environment, a multi-degree-of-freedom coupled dynamical model is necessary to yield more realistic dynamic be-
haviors. In this paper, we present a coupled dynamic model with 16 degrees of freedom for the multi-body system of barge-type off-
shore floating wind turbines under the combined action of wind and waves. The model accuracy is verified through numerical simu-
lation using OpenFAST, developed by the National Renewable Energy Laboratory (NREL). In particular, the modified Blade El-
ement Momentum theory is used to calculate the blade aerodynamic load, the linear potential flow theory is used to determine the
wave load, and the quasi-static method is used to obtain the tension of the mooring systems. Besides the generator torque control
and blade pitch control, a bi-directional tuned mass damper (TMD) is placed in the nacelle to mitigate the structural vibration of
the floating wind turbine of the barge-type, where a limiting device is introduced to limit the TMD stroke. Subsequently, the con-
trol parameters are optimized by the method of exhaustion and the genetic algorithm. The simulation analyses show that the model
proposed in this paper accurately alculates yields the dynamic response of the barge-type offshore floating wind turbine. The bi-di-

rectional TMD with collision mechanism is efficient in mitigating the structural response.

Keywords: vibration control; barge-type floating offshore wind turbine; nonlinear coupled model; bi-directional TMD ; combined

wind and wave action
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Fig.9 Standard deviation of displacement response of tower under different stiffness and damping
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Tab.3 Control parameters obtained by two optimization methods

/ﬁt/ﬂﬁﬁ% kTMD,r/(N.m 1) kTM[)}-/(N'm 1) C'TMUJ/(N'S'm ]) C'TMDy/(N'S‘m 1) TMD E‘i%/kg
GF 45k 10910 1987.2 6076.9 2359.0 40000
ALk 10626 2785.3 6038.7 2383.6 40000
FATRRRE, B R AR E . v LIRS # 17 #2
4 RS il LA DA P 2 SR L A, PR R B

P13 (a) ~(d) Ry B2 0 X g & B ML AE AT/ JE XL
] TMD 5 il '~ (% 45 ¥4 i 2l 62 78 i 72 181, 43 53] e e
TR TMD 767 6 848 O 6 08 54890 m (¢r)
FIE B8 1) (go) @ R BE b AU AR R o h B 13 7T
UL, BB AE LG A XL TMD S 77 28 XL 3 28
AR IR S ARG SRR . 8E TMD A IF
I T AR 2R FE A2 B B AR & I i 1 i
W IR R — TR G . A Al
5 B W 07 A o 22 0 PFA 48 AR X TMD #5461 F 7
& B 5 L B8 bR 7E 22 4 0.0150 m, A X IG5 b T
52.88%0 ;% 5 G\ % AL B8 A5 fE 22 0.0128, 3K B T
21100 4 il 0 5 B B 9N 1) R ) 57 B8 A o 22 43
S 0.1678 F10.1376, 43 Bl ik 2 T 11.7% F142.0%
B4 H AR . B 13(e) ~ (D) AR TMD % T 4

B K R O AR T AR T RE

X B S T PN /40 BT TMD fl 2 461 %% 5% ] LA &
B, F- 5 9N FEE SR ) 4 3h 5 0 R 4 B 00T
B RS AR PR . AT REJE B TR A R
o T M R SR R B RE — s R B )
x rmARSh . A AR R B, KGR ] R —
SRV A A AR AR TR AT R — A5 R T TN XL
B4 By, T A SR BB 5 8 KR A% A A1 158 KU i
1o 30°, ZE b ARk, XL TMD £ y 5 [6] 9% 30 35
il VR T HE ] .

Wb P B SO AR AR I ] . 5] 14
(a)~(d) R BT 650 B0 (L8
DR ) 452 % Wil 7 14 B 38 3% %% B (power spectral den-
sity, PSD) . & 14(a) #1(b) A WL, - 15 8 £2 A1 40
P HA — AT XA 1w B s K 14



16

438 &

w

FEMEE /()
(=

— XU TMD#% 8 i

i

.:Illu

130

FEPIE ()

100
1] /s
(a) FEBRE

(a) Platform surge

30

200 0

— WA TMDE

(d) Tower lateral displacement

100 150
] /s
(@) SEZEA 4 7S

50

(e) x-direction stroke of TMD oscillator

o
=]
=

0.012

0.5F

IR IRS) / m

v

— XA TMDE R ) |
i SEYEE

50 100 20 %30 100 150 200
AE] / s A /s
(b) FENE (o) BEHRA AL
(b) Platform pitch (c) Tower longitudinal displacement

3

______ i

m

B L

e g l’ﬂ

& E

i i

w Bl

E B

* L
200 % 30 100 150 200 3050 100 150 200

IHE] /s B ] /s
(e) x5 [E TMDYR 1772 (f) yJ5 I TMD#E 7472

(f) y-direction stroke of TMD oscillator
B 13 XL 33 3% i A %) LE A TMD k517 2
Fig. 13 Comparison of FOWT vibration displacement time-history and TMD oscillator stroke

@ 1 BUETMDEH 2 — XWJiE TMD#: 8l — XA TMD#4
cogl 1 R L0108 - X
B ; Zoo0st !
B 0028 a 0.006f i
%‘E n Ego.om- 1
%)@_ 0.01 !} % !
i : & 0002
%01 0z 03 04 05 % 01 02 03 04 05 02 04 06 08 10
SiZR | Hz W/ Hz ARiZR | Hz
(a) FH1EE (b) FEHIE (c) SBLRRY i
(a) Platform surge (b) Platform pitch (c) Tower longitudinal displacement
2.0 60 5
= — A TMD w4 — WwET™MDEH| = 12 — A TMDE
& 13k i - Tt 5 - ot o, 107 - gk
g £ 40 & 4l
~ | ~ <&
o 1.0b 1 = 30 ool
# 1.0r } 5 =6
2. = 2 g4
w Of % jofy g
o & 10 ®
B Ty Ol
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
Wi / Hz Wi / Hz iR /| Hz
(d) B2 2 75 CLuviE:s Rz ) M AN

(d) Tower lateral displacement

(e) Blade flapwise displacement

(f) Blade edgewise displacement

B 14 45 /76 TMD il R 0 8% T ik 2 JE Xt L

Fig. 14 Comparison of displacement power spectral densities between the case with and without TMD control

(c)F(d)A] UL, B SR GN A 1) 52 B 446 P 4> F2 00, &
P 5 6 38 286 A% Wi JBE 52 A 4 K . A, AE L]
TMD #& ] T, - & F3E 48 PSD fh 28 ) 0 {5 35 9 i
/N o TR TC AR A Az G LR PSD i 2678 55 Y
FRURL RN, KUHLT- 65 B2 O\ R0 35 28 G ) A0 1) 4% 2
Y e & 4 90 2 T 64.99% . 36.63% F 23.23% .
46.32% . LW HIET G AR Shae = A b TR
WECF- ) &b, H 42 ) 25 B0 8 ik 0 el 4 FH 3= 22 4R
TR . FERS AN ¢, H OB L S AR X
JNE P W AEL 24 g 8 A A 3.02 435 5 76 55 48 1#) g 1 P B

e B Ji AV Ak e (L 24 O e Y 6.65 47 . R B AL
O\ 1w g FOON i) g 1 Fy BE b AR L g A0k I 25 23 531)
$E1E T 68.83%0 F161.26% ., HIML AT L, 5 2 5 1
PEIRPR B 1 S E R, XL TMD X7 & FES 3675
P4 R R B AU p A AR o P 14 Ce) A CD 2350 D i
FrAR AR I A B R8BS AR I . Ty
PR 3h 32 2 i B T B, SR AU S AN AR
T ALAE AR Y X TMD X R Js R S8R A B

3RS B BB B TMD & #8 1 R]UL Y- & Al
BE SRS IRAE ] oAb, 3R 450 I T PG W b



Bl

Lo UL KURER A AR T T B R b sCRL Bl R A B2 5 TMD i 20 5 11 BT 5% 17

i) TMD FIXLE TMD %% B, F & HEE ZE P A7 1]
3R Bl 092 8% B o 22 Bl IR R, I LT TMD >R
ALJa) TMD Hoxt B2 e S8 i3 4 n] i, A i
[ TMD X 25 ¥ 9% 2 A — i 22 il 28R LA A e o

i) TMD X 55 — I [ (4 41 3 42 il ROR AW .
n, HUFE y J7 [ A B TMD 5 2 1 RIS R g m) fr
¥ o HER] UL, XA He B ) TMID X 45 44 4k 81 1 £
i VR o 5 o3 A T, RORH

x4 ZTHAFEG T EERCBREERRRE

Tab.4 Displacement standard deviation and damping rate of each index under three different controls
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