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Study on wind vibration characteristics of rectangular concrete filled
steel tube bundle wind turbine tower
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Abstract; With the development of wind power resource advantageous areas gradually saturated, the focus of wind
power development has shifts to low wind speed areas with relatively poor wind resource conditions. Distributed,
high power, high tower and long blades have become the trend in the wind power industry. Based on the above, a
new rectangular concrete filled steel tube bundle wind turbine tower is proposed. The tower is made of rectangular
concrete filled steel tube bundles, which has the advantages of high strength, rigidity and energy consumption
capacity. To study the wind vibration response characteristics of this tower structure, the Kaimal pulsating wind
speed power spectrum was chosen and the wind load time curve was simulated using the harmonic synthesis method
to carry out the dynamic time analysis. Wind vibration coefficients and equivalent static wind loads were calculated
for the tower. The results show that the maximum displacement of the top of this new tower at rated wind speed is
911.84 mm, which corresponds to a horizontal displacement angle of 1/154 and meets the code requirements. The
tower components are of good strength and have a large safety margin. The wind vibration coefficient obtained by the
displacement-equivalent gust load factor method is lower. Under the equivalent static wind loads calculated by the
inertial wind load method, the structural displacements and basal shear forces are basically the same as those

obtained from the structural random vibration analysis.
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Table 1 Basic parameters of wind turbine generator

S5 Hfy e Bty
i FRUX IEC 11 2% BE U1/ kW 4500
A HEA/m 155 BE G/ (v/min) 10.2
BimE/m 140 R E R (kg/ ) 19200
B N/ (m/s) 10 B E R/ kg 42400
PIA R/ (m/s) 4 PR E &/ kg 27200
Y R/ (m/s) 20 e XU/ (m/s ) 4.5
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Table 2 Dimension parameters of wind turbine tower
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Fig.2  Structural diagram of wind turbine tower
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Fig.3 The first four modes of wind turbine tower
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Table 3 Frequency of the first four vibration modes of the tower
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51p 53p
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wind turbine tower top at rated wind speed
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of wind turbine tower

3.3 HRN S

HE G T A TR E R XIS R A R =
B, e 12 i, 38R B0 B B T R W R
X, 7EIE AR i b o & A2 0 ) 5878 R IIIE R TH
FET5 W EE A3 AR ¥ 5) N B KN ) R AETE ISR AZ
JEIX, 2495.49 MPa, R 5E 1 (1) f5e KPR A 47 30 K
11 100 m (= B4, $r v T3 {E R 2.78 MPa, /)N TR Bt
FWEEHIN I o, = 3.41 MPa, IR+ 1 2 R4 i
F A PTE T 100 m DL F AL, SR 1R
0.898 /NI EME 1, £f b, K WLIE# B1TH, 3
TR St A p — BAL F ook, R AR
(AR BT, LA — 8 2 45 R AE S b TR
CIBRR=T /Y

4 FER X TE

£
&
=l
T4 6 8 10 12 14 16 18 20
R/ (m/s)
B 1 EEmmLE st E
Fig. 11  Statistical values of the top displacement
of wind turbine tower
S.Mises S,Max.Principal
CF¥: 75%) CrH: 75%)
+9.549e+01 +2.784e+00
+8.753e+01 +2.479e+00
+7.958e+01 +2.173e+00
+7.162e+01 +1.868e+00
+6.367e+01 +1.563e+00
+5.571e+01 +1.257e+00
+4.776e+01 +9.519e-01
+3.980e+01 +6.465e-01
+3.185e+01 +3.412e-01
+2.389e+01 +3.582e-02
+1.594e+01 -2.695e-01
+7.981e+00 -5.749e-01
+2.5516—OZZ -8.802e-01

4 t
X X
-2
(a) BEHRL (b) REE LR ER S
12 SMERETEGNAZE

Fig. 12 Tower internal force cloud at rated wind speed
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Table 4 Parameters and equivalent static wind load

P — BRI Tk

by different methods

ViR (IS RS AR ) iy AN ) (P B AT BT AR IE)

R /m o, Ly wy/ (kN/m?) A/m?>
G, P,/kN B. P,/kN B. P,/kN
7 1.000 1.19 0.35 47.003 1.330 26.04 1.003 19.63 1.036 20.27
14 1.104 1.19 0.35 46.411 1.348 28.76 1.020 21.76 1.071 22.86
21 1.246 1.19 0.35 45.190 1.366 32.02 1.055 24.74 1.140 26.73
28 1.358 1.19 0.35 45.228 1.384 35.40 1.099 28.11 1.208 30.90
35 1.455 1.19 0.35 44.637 1.403 37.95 1.144 30.94 1.295 35.03
42 1.540 1.19 0.35 44.006 1.421 40.12 1.200 33.88 1.382 39.01
49 1.610 1.19 0.35 43.314 1.439 41.79 1.273 36.99 1.485 43.13
56 1.674 1.19 0.35 42.722 1.457 43.39 1.350 40.21 1.588 47.30
63 1.734 1.19 0.35 42.131 1.475 44.87 1.444 43.94 1.693 51.51
70 1.790 1.19 0.35 41.539 1.493 46.23 1.543 47.79 1.798 55.68
77 1.846 1.19 0.35 40.948 1.511 47.58 1.644 51.77 1.810 56.98
84 1.894 1.19 0.35 40.277 1.534 48.74 1.680 53.37 1.822 57.89
91 1.937 1.19 0.35 39.625 1.549 49.52 1.870 59.78 2.025 64.74
98 1.986 1.19 0.35 39.033 1.569 50.65 1.984 64.05 2.228 71.95
105 2.025 1.19 0.35 38.442 1.589 51.52 2.105 68.23 2.323 75.31
112 2.060 1.19 0.35 37.850 1.610 52.27 2.221 72.13 2.417 78.49
119 2.095 1.19 0.35 37.259 1.631 53.01 2.350 76.39 2.508 81.52
126 2.130 1.19 0.35 36.667 1.652 53.73 2.474 80.49 2.598 84.51
133 2.165 1.19 0.35 36.076 1.673 54.43 2.596 84.46 2.678 87.12

140 2.200 1.19 0.35 35.484 1.730 56.24 2.778 90.34 2.758 89.68
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Table 5 Tower response under equivalent static wind load

S8 R XA 2 P 7k CRFL I EIE) (BB BRI RIS

PE T H/ mm 902.29 1080.66 1125.14 1099.44
BSR4/ (KN - m) 144259 164 646 171681 158676
H 5 J1/kN 19577.7 19586.8 19593.7 19546.8
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