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Fig. 1 Wind turbine tower coordinate system
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Fig. 2 Design variables for different section shapes
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Fig. 3 Flow chart of iterative solution process
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Fig. 7 Optimization iterations of steel tower volume

FEN AT T A A e AR A P AR
A B IS (H =10 m) 76 B A R Ak B B
) Ay AR L R 5 TR, R RTE L BT A
F8 £ 8 23 BT 4% A O AL B B 2 AN [a] 84, 4 ) 2
M., A F ., AR UK.



558 A # # T

¥ ¥ # % 56 %

x5 ARMGMAHEFERYFTHH=10 m)
Tab.5 The loads of different stages at the bottom of

tower (H=10 m)

, M.,/ M./

LB B : F.,/kN F./kN

(kN +m) (kN +m)

BBt 1 166 545 3200.23 1508.68  9931.57
B Bt 2 155 789 3188.23  1392.20 9755.75
i Bt 3 155 501 3276.21  1383.17 9 600.07
BBt 4 159 385 3141.15 1426.60 9 480.23
BBt 5 154 879 3286.22 1383.80 9 463.27

3.2 ARIEE T &R BRI (551 2)

AL A b SO B 0 v KU 4 T vk
FEEZROEAR 7 15, 6 AN (] e B2 1 85 28 3R 47 0 26 I
HEAk 8 B 48 12 1= B AL T R o 8 80 3% 0 v
. TEAS AT b, i A i 3k 3 AR X5 Ay [ £ A 0
JIT LA DA RS R f A 480 2 48 R FBEJE ¢ A Ry st
A, BT A (i LAY 5 5 B0 1 e A [R]. 2
A 15 3 B R R T Y BRI 88 AR R AR AR
FEloh 1. 625~2. 150 m, BEJE 2 3 19 48 6 35 [l 0
0.01~0.10 m.

AR 2 B X BE 2R 00 2R I Bhig s | T Ut K
MLAY TAERE S B R 7. 5~13. 5 r/min, 1] LL15 £
I35 T W22 38 31 0 2222 T 10 400 38 24 3R 5%
4, W35 6.

F 6 REBERBIEIME LKL

Tab. 6 The frequency constraints for different tower

designs
o R 2y A
WK 3t la w1 >>0. 675 Hz
WI-Z% 15 it 2a 0. 225 Hz<"w; <<0. 375 Hz
3a @1<20. 125 Hz, w2>>0. 675 Hz
F-F&i 3b 0.225 Hz<w»<<0. 375 Hz

3¢ w><20.125 Hz

AT 53 WA RAEAT 28—, X R
JEE 14 DR R B AN 2 R T 3 2 SRR 8 AL e i AR
AT OLAL B 3E A 9 X (L) ~ (1D L (1) SE 8k
Ve AT RE A DL AL 1T 5 28 T4 L ORI SE R A f 1k 51
3 (DX A] B8 M LA B HEAT O Ak L K6 50 2 75 RE A
RS2 b aa

XF 80~170 m [ 10 P[] g B 1 95 B8 adk 47
B, GE T A A I R A5 )

JE AR R AR SR UL 7. P M Yes” 3R
AN BT R 2 A No” U R A
e, NRP A LLE X TR e mE, A
S FTAT B 15 2R 26 YRR RE Bl R 20 By, i HL B
e BE I I B A AT o 1 T R R
it

T ARHEEEE - S HhAUHEHTER
Tab. 7 The statistical results of the first step

optimization for different height towers

WMt W22 8t F-Fvt
5 /m

la 2a 3a 3b 3c
80 No Yes Yes No No
90 No Yes Yes No No
100 No Yes Yes No No
110 No Yes Yes No No
120 No Yes Yes No No
130 No Yes Yes No No
140 No Yes Yes No No
150 No Yes Yes No No
160 No No Yes Yes No
170 No No Yes Yes No

Wk 2 T HEBR T A A
T AR 2 A B TT IS AL, SR 5 R R R R U
TER AT AT AT % BT 2 R 09 58 — 20 IR k.
AR FIh, Rt 120 m = B8 5808 R ) 5 e A7
Sk AR T AR 120 m MR A
M- &1 (2a) T Z-Z2 & 11 (3a) R 7E B AT 17 1%
T o BT LK 3 79 o 152 1R FH 52 2 i DA 510 =X (1)
ik — LAk, A Rk 8 iR, &2 —
B ARAC IS AT AT BT HRI N2 B3 (2a) , 1 56
T (3a) NRETH A @, <<0. 125 Hz BYBR L4 H
Sk, RGBS 3] T 120 mofE R R %
By et i, AR 50,793 9 m?, — By Al
AR 5 )R 0. 240 0 Hz 11,537 7 Ha.
T 1 O A A5 20 A B A BT AT SR KU 38 BE T T 4 B
Bt —E MEm =%,

£8 120mBEE - FRUER
Tab. 8 The results of the second step optimization

for 120 m tower

BB 55 o /Hz  w/Hz  KE/m®  1ess
Ml-ZZi%it  2a 0.2400 1.537 7 50.7939  Yes—>Yes
F-Zi%it 3a 0.1653 1.2534 83.0441 Yes>No
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Frequency-based optimization method for wind turbine tower
under multiple constraints

CHENG Geng-dong“', XU Xiang-dong', LIU Xiao-feng’

( 1. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,
Dalian 116024, China;
2. Goldwind Science & Technology Company Limited, Beijing 100176, China )

Abstract: A frequency-based optimization method for single tubular wind turbine tower under
multiple constraints is proposed. The cross section parameters of tower are design variables, and
minimizing the material volume of tower, which is considered as a cantilever structure is objective
function. The natural frequencies of tower are constrained to ensure the tower being stiff-stiff or stiff-
soft or soft-soft design. The wind loads are calculated by commercial software Bladed, and according
to specification of wind turbine tower, the strength, stability and fatigue are included in constraints,
these factors make the optimum structure conform to the practical design. Since the load evaluation by
Bladed is very costly, the whole optimization process is broken into several stages. At the beginning
of each stage optimization starts by using the previous optimum design as its initial design and the
wind load of the initial tower design is recalculated. In each stage, optimization problem is solved by
method of moving asymptotes (MMA) under the fixed wind load, and the sensitivities of the natural
frequency, strength and fatigue constraints with respect to design variables are obtained by analytical
method. A numerical example for improving the existing tower design demonstrates the optimization
method. Furthermore, a classification of high wind turbine tower is developed based on the
relationship between tower natural frequency and working frequency range of the wind turbine to be
installed. By the above optimization method, it can help to decide that which type of the tower design
is the potentially optimum candidate for specific height and turbine, and provide valuable suggestions

for optimum design during concept design stage for wind turbine tower.

Key words: wind turbine tower; optimization design; multiple constraints



