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Fig. 1 Basic steps of uniform design method
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Fig. 2 Simplified mechanical model of tower structure
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Table 1  Ultimate load
28 TH 13 THLS T.H6.2
M /kN+m ~4924.9 ~2664.5 -2344.7
M /kN-m -116.2 583.7 876.2
M_/kN+m 678.9 676.4 -1579.8
F /N 19.2 3.5 -509.5
F kN -133 -433.0 -52.2
F_/kN 1056.2 1032.5 1021.3
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Fig. 3 Nephogram of tower stress and deformation under

6.2 working conditions
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Table 2 Structural parameters at top of tower
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Table 3  Table of factors and levels

N T/mm H/mm N T/mm H/mm
1 14 800 6 24 1000
2 16 840 7 26 1040
3 18 880 8 28 1080
4 20 920 9 30 1120
5 22 960 — — —

HN—IRR 5 T— B H—E %,
x4 US(9)HEEITER
Table 4 Uniform design table U, (97)

N S=2 N S=2

1 1 3 6 6 8
2 2 6 7 7 1
3 3 9 8 8 4
4 4 2 9 9 7
5 5 5 — — —
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A FROTI AT R 4 IR 3% 4 v 19386 07 S8 ik R6 [EFRBMETEEITMNIER
AT AR, %5 2R R R 2 MR [RIZKSE T I 28 0 R Table6 Evaluation index of fitting degree for regression models
I EAH w M RN A o R8T A R gk 5 o] 7 R R &
s o w 0.9572 0.9163 0.8996
x5 RBRARRER
o 0.9948 0.9896 0.9862

Table 5 Experimental scheme and results

R K KF S
N T/mm H/mm g/MPa  w/mm
1 14(1) 880(3) 10255  644.95
2 16(2) 1000(6) 102.66  644.24
3 18(3) 1120(9) 102.94  647.00
4 20(4) 840(2) 10275 635.95
5 22(5) 960(5) 10325 643.30
6 24(6) 1080(8) 10341  646.86
7 26(7) 800(1) 103.17  637.76
8 28(8) 920(4) 101.78  641.18
9 30(9) 1040(7) 102.37 64499
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Table 7 Test index of significance level for regression model
[l 5 F T, T
w 54.76 545.33 7.40
o 286.19 1009.95 16.92
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Fig. 4 Comparison of experiment values and regression values
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Table 8 Comparison of optimization results

SR T/mm H/mm o/MPa  w/mm mlkg
LA HT 22 960  103.39  640.07 301950
ek 12 800 10247 638.64 301220
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OPTIMIZATION OF WIND TURBINE TOWER STRUCTURE
PARAMETERS BASED ON UNIFORM DESIGN

Zheng Yuqiao, He Zhe, Zhang Lu, Pan Yongxiang
(School of Mechanical and Electronical Engineering , Lanzhou University of Technology , Lanzhou 730050, China)

Abstract: Aiming at problems of tower structure optimization of large horizontal axis wind turbine having no obvious main
influencing factors, the design and numerical simulation for the top tower junction is presented in this work. The uniform
design method is proposed as the U;(92) static strength experiment of 2 elements (thickness and height) for the top tower
junction. The numerical results show that the relationship between the maximum deformation (stress) value and the 2
elements (thickness and height) at the top tower junction is linear (hyperbolic parabola) distribution, as well as the height
change has more directly influence than that of the thickness on the stress value of the tower. The optimized tower structure
decreases the maximum stress, the maximum deformation and the mass of the top tower by 0.89% , 0.22% and 0.24%
respectively. It provides a theoretical basis for the multi-objective structure optimization in designing wind turbine tower.

Keywords: wind turbine; towers; structural optimization; computer simulation; static analysis



