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A rapid assessment method of natural frequencies of large floating wind turbine

tower systems
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Institute of Deepsea Sci-Tech, Sanya 572000, China)

Abstract: Tower of a floating wind turbine is a high-rise and slender flexible structure excited by wind, wave, turbine rotation and
other complex excitation sources. A rapid evaluation of the natural frequency and mode of the tower is the key to the design of floating
wind turbine system. In view of the current situation that the modal analysis of floating wind turbine tower is mostly based on the
assumption of fixed tower bottom and does not consider the influence of floating foundation and operation of the wind turbine, an
accurate and efficient evaluation method of natural frequency of large floating wind turbine towers is proposed. The variation
characteristics and rules of natural frequency of floating wind turbine towers are studied. The results indicate that when the wind
turbine is parked, there is a deviation of about 10% in the natural frequency of the tower obtained from the simplified model of the fixed
bottom. The influence of floating foundation should be considered in the evaluation of the natural frequency of the tower. The natural
frequency of tower slightly decreases when considering the effect of the upper rotor aerodynamic added mass when the wind turbine is
in operation. The results can provide a reference for the design of floating wind turbine towers and control strategy.
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Fig. 1 Simplified model of a floating wind turbine in frequency domain

=
_>
5
i

1.1 R HZEEE
B X RWLE IR B 2 E T &= A 7S A Bz g, o g5 Mg i1z 3 & S8 E RS AT S i



55 4 19 TR AL AL 2R G0 A R PO A O 12 37

8, PR AR IR IR G o RMER G A RSl a8 nT A3 O — 5 R 0 S R R L 18] 15
TR — A5 37 34 8 ol EE A9 79 EL 3 3«
Tosc =—m X — c,.% (1)

T Tose N AR 0 BN 11 85 m,, R SBT3 805 ¢, A LB BE)E R B % & 001 2R S R
DI ALRS AU

HRAR 205 5 A D K o F1XUEE 15 12 52 0 s A3 445 8T AR Y HLRE A1 95 DX (GTR ) FAS 34 5
DX (BPR) f{ 4 S I35 10, 18— 204 HH S S RN B R R s L RBOR A A

GTRIX :

-N T,Q,
m = T,0, el =T - (QZ ng) o0, . (2)
wzld"'(Qn_Nng) 1, (“)Id) +(Q!2_NgT!2)
BPRIX :

= Q,
0K (B)0] o1 K (B) 00|

Q.
[00+K,(B) 0] +[ 0l +K(B) Qs ]
K ARG BRI AR s N LS L s TR Q, 53 5 R A Bh e AR T ARG 1 I 55 7, Ty
F Qo539 Ry 2 AL S S B0 RN B e JE AR R T - iR Q i Al 5505 T, 0 Q23 30 i R BhfE ) e S AR
XT3 A 0 S 5 1, R ARG AR A I 5 KRN K23 3310 R LU B34 25 B 1 25

RIILEE Xt RNA, 0] LSSt s sl e .
(M, +A)p+CH=F,, -F, (4)
M AFTC 53R RNA A5 A0 B sl BRI 2 B R 3 B ARG 5 b o T b 235911 3578 RNA 1Y
RS HEE RN BE (7] 25 F A1, 43 B3R VE T RNA L A far 28 i i RS (A AR b 2R ISR 560 RNA 1)
YEH 1) 4t o
1.2 FUERHNFEER
PEBER FH = 4ERRALAR S5 F GRABALL 4 B 2080 3 L N > BT, WS B AT — AN N AN B0 N+ 1S5 6
WM EE RS, iz sh R LIS
MS+C8+K8=F,_ +F, .. (5)
M C R K 3 ) 3% B 0 22 G0 1 T A I SEL 2 A B I 5 & .6 1 & 43 1| B s B 4 s (%
RN W F, o, 200 7R AR AR AR 22T 055 28 St B0 it 1) S0 g 28 ) o
PSSR A 4 Jay AR AR 25 IR o M RT3 K, AT L e 4% B G R R R I A T A 2 A
N7 MRPE R IT Y S, AT DR T R R I BE SR R A 4R RS TR — A 6x6 AR RE .
PRI 565 b BT U, LB W B B ) R O

. M., M, ' K/ ..., K/,
M = l:Mi Lk-1 Ml]z I,A:" K' = l:Ki Lh-1 K}; I,A:' (6)
ko -1 b k-1 bk

b, M RTKE 230 ACER kAT b 3 R A% RN BE 7 A B/ A 9 i R i g
M5 Rayleigh BB B , 4544 B BELIE 15 A5 A oo A0 B AR BE R R A 5%, 35 AR (RS A BB AR € nT AR
ZVSR

o’ w

K(B)T,[0,+K,(B)0,] [T0+Kp(,B)TBMwIﬁKi(ﬁ)QB/w]),

K(B)T,[ 0u+K,(B)Qy/w]

w

_[TQ+K,,(B)Tﬁ][Qﬂ+Kp(5)QB} %(3)

C.= oM, + a,K, (7)
Hr o, a2 5B HRIEAT OG0 T RIS LA 3R 4k
1.3 FHEHNFEER
TR B 7 ar 2R XV VE T AR SE MR T R ) 0 R A3 o MR S S SR 0 S 1 B S RN B8 55 [
R, A B R 0 B BT B AR R BRI 4% 3 pR A K B ) R B BRIt PR Y B 3 AR AT LA



38 W T R o542 %

FoRN
(M, +A)E+CE+KE=F,, - F, (8)

Hodr, M (A, CORUK, 50 50 R T7VR B4 5 R J5 e R e 3437 L 4 B R i K [l 5 T 2R B e 5 € €
HNE Sy BB TRTRUR BIOE RS o J3E A B ) Bk s P, R 0 590 3 7 A T 2 L A 0 T ey 8 e o A A
P 2 B BEAHEEAR AR T g 1)
14 EEZEXRXHRG LD S FER

BB AR RN BB SRR RN A ZZ ) 2R FH IV %422, BE SRR A0 61 B8 55 P A (9 (52 B8 AT LG o) e 460 3 1 T,
RERR , MIEZTAR A0 8 5 RNA B9 A LU o 55 W B T, R B R 4 o R

E=T8, ¢=T,0 (9)
1 0 0 0 Az, -Ay]
01 0 Az, 0  Ax,
Ti: 0 0 1 Ayz —Axi O i=1,2 (10)
000 1 0 0
000 0 1 0
000 O 0 1

FH s Ax, Ay, Fl Az, 53 7 F R TE TR SRy 30 AL B 2 T 35 2R T it o5 9 AR AR FIZE RNA Jmy i Al b 32 T B 28 Tt 3 i
S AR
e 2 EAE T RNA BB sh far 28 A E FH TR0 L 07K 8h 7 far 28, AR P8 AR 155 — e A
F,=F, s Fo=F,_ ., (11)
LA ()~ (11), AR IE RN R G A SR AR LS K B ) 2 AT
(M, + MT,+ AT, +MT +AT)6+(C.+CT,+CT)é+(K +KT)8=F,. +F,, (12)
X (12)h ABES F,, M F,, BESE o 5 E WAL B
S=u-e" (13)
F=F 4 F o= (font L) e (14)
KA f, . T 23 00 5 B [0 TC G LS & VR IR A 1 F . FNHE DT F o, WS PRI, W) R 45 iz 3l 7 72 2
(2)FEsms Al IR R A (15) 0 M CTF K A B XL ZR G 00 o & BELJE R D1 2 4 e -

(~0’M + i0C + K)u = f,,. + fors (15)
M=M +MT +AT +MT, + AT, (16)
c=C +CT, +CT, (17)
K=K +K,T, (18)

2 AN AR GE A R DAL 7 vk

21 EESH

A 2 Ge iz 37 R (15) 2% B TN RR1E T #E al LA O

-0’M + K =0 (19)

T B BN 5T i AR PR S AR T 055 I, B Wk TARE , IR BR R g (B A TG 55 A B N 5T it (A, o
A5 BTG WA N BT i, M SRR T O, R AR AE AT DA B O R A AR (19) 3-4% , Horh M=M +M T,+A,T,+
M T +A,, T, #575 FE 505 R BN BT o, DU AR R R 2 — A AR Ze Pk In) 8, 75 2858 2ok ik ARy ke SR A e
TE T A o RV CRUHIL 2R G0 [T AT 01 2% 1) 6 A QR A LB 8] 2 B, B S 2 S AR IR I 28 R JE 95 28, Bl o=
@, WU PR AR BTN BT 2t A X8 10 o BT 4 RIS £, AR ARRIE 7 BR SR A 0, , FI T o, —oo, |14 15 25 2 75 16 L S B 22
Ko AW, W w, S BT KA FR G0 A3 5 AN 2, W HHT w, B MR AR Y o, , Bl =0, , BESTREE T
FRUEAToR i, ER X — IR oo, T B ARG EZK



55 4 19 TR AL AL 2R G0 A R PO A O 12 39

E A A, —
RNAZH — |
LU TR FTp—

| Aebrptsgnre T, | M +K=0 AL
I Kitho, WEER

RAEA

PR Bt AR P M,
JUA etk WIS FERE: K,

| bbrfene T, |

TR FE M,
PERSE IR 4, HeoouH  A474e)
FiK B W EEFERS: K,

B2 258 S AR AT S A B B e SR A 28 8 A A3 i

Fig. 2 The flowchart for solving the natural frequency of the system considering the frequency-dependent added mass
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Tab.1 Main properties of NREL-5 MW wind turbine and tower
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Tab.2 Comparison of first order natural frequency of NREL-5 MW floating wind turbine tower
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Tab.3 Various simplified methods of NREL-5 MW floating wind turbine
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Tab.4 Comparison of first order natural frequencies of tower in various simplified methods of NREL-5 MW floating wind
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Fig. 8 First order natural frequencies of NREL-5 MW wind turbine tower in various simplified methods
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