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Fig. 1 Model of the wind wheel
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Tab.1 Vibration frequency of the wind wheel changing with the working condition under the same rotational
speed and the different wind velocity
. f’/s,l) ;@j fi/Hz  di/%  fu/Hz /% fo/Hz  d/%  fu/Hz  di/%
5 29.59 0.0 34.27 0.0 96. 25 0.0 104. 48 0.0
6 29. 81 0.7 34.91 1.9 96. 48 0.2 105. 36 0.8
7 30. 09 1.7 35.39 3.3 96. 83 0.6 105. 77 1.2
8 X 30.61 3.4 36. 33 6.0 97.11 0.9 106. 45 1.9
9 31.47 6.4 37.03 8.1 97.51 1.3 107. 39 2.8
10 32.14 8.6 38.18 11.4 97.69 1.5 108. 17 3.5
5 31. 84 0.0 36.51 0.0 98.21 0.0 106. 54 0.0
6 32.05 0.7 37.07 1.5 98.57 0.4 107. 27 0.7
7 32.41 1.8 37.62 3.0 98. 80 0.6 107.73 1.1
8 fi 32.77 2.9 38.50 5.5 99.19 1.0 108. 42 1.8
9 33.53 5.3 39.19 7.3 99. 50 1.3 109. 44 2.7
10 34. 31 7.8 40. 43 10.7 99.73 1.5 110. 28 3.5
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Fig. 2 The 1-order and 2-order vibration frequency of the Sl
wind wheel changing with the aerodynamic load ol
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Fig. 3 The 1-order and 2-order vibration frequency of the
wind wheel changing with the aerodynamic load

under ignoring the centrifugal force
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Tab. 2 Vibration frequency of the wind wheel changing with the working condition under the same wind velocity
and the different tip-speed ratio

A ;fﬁ fiy/He /% fu/Hz d/% [y /Hz /% fu/Ha  d/%
5 30.77 0.0 36. 54 0.0 97.09 0.0 105. 89 0.0
6 30. 30 —1.5 35. 60 —2.6 96. 36 —0.8 104. 90 —0.9
7 x 29.50 —4.1 34.10 —6.7 95. 83 —1.3 104. 14 —1.7
8 28.22 —8.3 31.68  —13.3 95. 27 —1.9 102. 98 —2.7
5 32.77 0.0 38. 50 0.0 99.19 0.0 108. 40 0.0
6 34.92 6.6 41. 81 8.6 103.12 4.0 114.11 5.3
7 f 38. 15 16.4 46. 24 20.1 106. 92 7.8 117. 89 8.8
8 41. 81 27.6 53. 38 38.6 110. 21 11.1 124,13 14.5
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Fig. 4 The 1-order and 2-order vibration frequency of

wind wheel changing with the working condition
under considering the the centrifugal force and

the centrifugal force
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Fig.5 Test principle of the static frequency
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Fig. 7 Model of the wind wheel

K8 UAE PR 20 K [ A5 A3

Fig. 8 Mode shapes and natural frequency of the wind wheel

4 PR G 3 0 O R A 1) 25 31R Bl (0 e 5 AN 4 2 LR
s 7 20 Al B S g B B R AR 307 30 AT
it AR 22 MU R 280 11 LRI e s A A A g 2% 4% 3l
JIEXE IO B A 23 N A AR A i % 3 T X 1 ) i 3
JEE 5 A 0 X3 Ay 2% ) 42 06 53 T X O P AR AL s 48] o
YESC&, () 00 1) 5E Jim It 6 #5109 IAU5E i R 3R 2y A
) TR YO LY i S 4 A Sk Bl e Sl RO [ 2
RORET B RS FR T B R FR (2 B S X FR 2 [ X AR L3
B X R L3 B X R

2.3 MiRER

WA 1,2 Br R s Rk 3 B
#3 REIRD SR MR R

Tab.3 Vibration characteristics and corresponding

frequencies of the wind wheel

BEPEm 1B RXAR TBWRR 2 BRROAR 2 Brd i

R/ He 23. 40 24. 90 72.70 77.20
4448/ Hz 23.90 25. 80 69. 50 80. 10
AR 22/ % 2.10 3.60 —4.40 3.80
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Fig. 9 Test principle of the dynamic frequency
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Fig. 12 Dynamic spectrogram of the wind wheel
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Tab.4 Compared between the experimental data and the calculated data under the same rotational

speed and the different wind velocity

v/ 1 B S % F 1B %l 2 By BOx i 2 [ 4 B

(me+s 1) f./Hz 8/ %% f./Hz 8/ % f./Hz 8/ % f/Hz 8/ %
5 31.50 1.1 40. 25 —9.3 105. 50 —6.9 114.00 —6.5
6 31.75 0.9 40. 75 —9.0 105. 75 —6.8 114. 50 —6.3
7 32.25 0.5 41.00 —8.2 106. 25 —7.0 114. 50 —5.9
8 32.75 0.1 41. 25 —6.7 106. 75 —7.1 115. 00 —5.7
9 33.00 1.6 41. 50 —5.6 107. 25 —7.2 115.50 —5.2
10 33.25 3.2 41.75 —3.2 107. 50 —7.2 115.75 —4.7
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Tab.5 Compared between the experimental data and the calculated data under
the same wind velocity and the different tip-speed ratio
. 1 By B X R L B %l 2 B 2 % FK 2 B %R
f./Hz 8/ f./Hz 8/ % f./Hz 8/ % f./Hz 8/ %%

5 32.75 0.1 41. 25 —6.7 106. 75 —7.1 115. 00 —5.7
6 34.25 2.0 45.00 —7.1 110. 25 —6.5 120. 50 —5.3
7 38. 25 —0.3 50. 25 —38.0 113.75 —6.0 125.50 —6.1
8 43.75 —4.4 58. 50 —8.8 118. 00 —6.6 130. 75 —5.1
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