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Mechanical Analysis and Structural Optimization of Tower Frame
of Vertical Axial Fan Based on ANSYS
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Abstract: The statics analysis,dynamics analysis and structural optimization of tower frame of large vertical axial fan
were presented based on ANSYS. First of all, the size of tower frame was determined according to the power of fan.
Then, statics analysis for the tower frame was carried out. And, the strength check for the maximum strain of the
tower frame under the maximum load was discussed. Dynamics analysis including prestressed modal analysis, seismic
response spectrum analysis was performed. The optimization based on ANSYS was obtained by changing the thick-
ness of the tower frame to increase the inherent frequency so as to avoid the damage of tower frame induced by the
resonance of generator excitation. The mechanical analysis of the tower frame can ensure the lightest weight of the
tower frame under the premise of mechanical properties and reducing the manufacturing cost of tower frame.
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Fig. 4 The stress of tower frame
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Fig. 3 The displacement of tower frame
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Tab.1 The first six order natural frequency of tower frame Hz

[ 1 2 3 4 5 6
Na 1.036 3 1.039 7 4.953 8 4.969 9 12.427 0 12.463 0
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Fig.5 The first order modal shape of tower frame Fig. 6 The second order modal shape of tower frame
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Fig. 7 The third order modal shape of tower frame Fig.8 The fourth order modal shape of tower frame
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Fig. 9 The fifth order modal shape of tower frame Fig. 10 The sixth order modal shape of tower frame
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Tab. 2 The simulation data of earthquake

Fe 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

W%/ Hz 0.10 0.11 0.13 0. 14 0.17 0. 20 0.25 0.33 0. 50 0.67 1. 00 1. 11 1. 25 1. 43 1. 67

# E/(m/s?)  0.002 0.003 0.003 0.005 0.006 0.006 0.010 0.021 0.032 0.047 0.070 0.088 0.105 0.110 0.130

75 16 17 18 19 20 21 22 23 24 25 26 27 28 29
W%/ Hz 2.00 2.50 3.33 4.00 5. 00 6.67 10.00 11.11 12.50 14.29 16.67 20.00 25.00 50.00

E# E/(m/s?)  0.150 0.200 0.255 0.265 0.255 0.200 0.165 0.153 0.140 0.131 0.121 0.111 0.100 0.100
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Fig. 12 The sensitivity of various design parameters on the objective function
A B C D E F G H I
P5-Total P6-Geometry Mass | P7-Equivalent " :
P1-B P2-B P3-R P4- . : P8-Total Def Maximy
! : ! 4-R, Deformation! (kg) Stress Maximum| ol Deformation ()
2 Optimization Study
Objective | No Objective ¥ | No Objective ¥| No Objective ¥|No Objective ¥| Maximize ¥| Maximize ¥|No Objective ¥ No Objective
Target Value [
Importance | Default ¥|Default ¥|Default ¥| Default ¥ Higher ¥ Higher ¥| Default ¥ Default
¥ GDO Sample Set 1
Candidate A | =0.022 51 |=0.024 854| = 2.6929 |=1.0021 ;( 1.330 7| = 16544 E+05| = 1.224 2E+08 = 0.629 52
Candidate B | #0.02551 | “0.025 674| ~ 2.542 “1.0117 )(K):( 1.252 8| 115704 E+05| = 1302 5E+08 = 0.711 92
Candidate C | =0.020 51 |=0.021 885/ = 2.380 1 |=1.0085 |1/ r1.1675 +:15095E+05| = 1433 4E+08 = 0.83968
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Fig. 13 The best optimization scheme
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Tab. 3 The optimization data
28 B, /m By /m Ri/m Ry /m 1 B/ IR/ SN IR N3/
75 Hz (X10°kg) m MPa
1 0. 030 000 0.020 000 2.2500 1.500 0 1.036 30 1. 658 0.699 65 155.18
2 0.020 000 0.020 000 2.2500 1.500 0 1.033 00 1. 652 0. 700 06 142. 37
3 0. 040 000 0.020 000 2.2500 1.500 0 1.023 90 1. 664 0.698 06 157.07
4 0. 030 000 0.010 000 2.2500 1.500 0 1. 030 30 1. 653 0.700 43 154. 31
5 0. 030 000 0. 030 000 2.2500 1.500 0 1.028 70 1. 663 0.700 26 136. 48
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g%
ZH 1 B/ PO i/ SN . 71/

B, /m B,/m R, /m R,/m

e Hz (X107kg) m MPa
6 0. 030 000 0. 020 000 1.750 0 1.500 0 0.770 03 1.424 1.227 70 240. 05
7 0. 030 000 0.020 000 2.750 0 1.500 0 1. 260 70 1. 892 0. 441 30 98. 61
8 0. 030 000 0.020 000 2.250 0 1.000 0 1.096 00 1.451 0.952 35 163.19
9 0. 030 000 0.020 000 2.250 0 2.000 0 0.991 99 1.868 0.559 28 143. 09
10 0.022 958 0.012 958 1.897 9 1.147 9 0.875 52 1.341 1.267 80 202. 64
11 0.037 042 0.012 958 1.897 9 1.147 9 0. 888 24 1. 349 1.263 70 202. 47
12 0.022 958 0.027 042 1.897 9 1.147 9 0.879 66 1.346 1.270 70 197. 69
13 0.037 042 0.027 042 1.897 9 1.147 9 0.879 91 1.353 1.250 70 209. 96
14 0.022 958 0.012 958 2.602 1 1.147 9 1. 264 50 1.670 0.616 06 126. 38
15 0.037 042 0.012 958 2.602 1 1.147 9 1.262 70 1. 680 0.611 09 124. 81
16 0.022 958 0.027 042 2.602 1 1.147 9 1. 258 90 1.674 0.612 00 123.5
17 0.037 042 0.027 042 2.602 1 1.147 9 1.255 70 1. 684 0.612 38 124.5
18 0.022 958 0.012 958 1.897 9 1.852 1 0.837 08 1.632 0.863 74 205. 74
19 0.037 042 0.012 958 1.897 9 1.852 1 0.831 50 1.639 0.875 98 206. 16
20 0.022 958 0.027 042 1.897 9 1.852 1 0.821 59 1.643 0.863 07 206. 89
21 0.037 042 0.027 042 1.897 9 1.852 1 0.809 03 1.651 0.871 77 206. 35
22 0.022 958 0.012 958 2.602 1 1.852 1 1.166 80 1.960 0.432 15 104. 99
23 0.037 042 0.012 958 2.602 1 1.852 1 1.169 90 1.970 0.432 48 107. 36
24 0.022 958 0.027 042 2.602 1 1.852 1 1.151 00 1.972 0.43175 105. 04
25 0.037 420 0.027 042 2.602 1 1.852 1 1.164 50 1.981 0.435 88 112.35
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