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Modal Analysis on the Impact Factors of Horizontal-axis Wind

Turbine Tower
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Abstract Taking a large tower of horizontal—axis wind turbine as an example, the factors affecting horizontal-axis wind turbine tower
are analyzed by the test of four factors and three levels, the modals are calculated using matrix analysis. The finite element model is built
and the modal analysis is completed by using the finite element software of ABAQUS. The factors including bottom of the tower openings,
the total mass of the cabin and wind wheel (with hubs), the overall eccentric of the cabin and wind wheel (with hubs), and the wall
thickness and diameter of the tower are considered in the modal analysis. Through the research of the factors on horizontal —axis wind
turbine tower, the results show that the significant factors are the total mass of the cabin and wind wheel (with hubs) , and the wall

thickness and diameter of the tower, however the factor of the bottom of the tower openings could be ignored; the impact of the overall

eccentric of the cabin and wind wheel (with hubs) on horizontal —axis wind turbine tower is determined by the degree of the overall

eccentric of the cabin and wind wheel (with hubs), the bigger bias is, the bigger affected degree is.
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Table 1 Data of the tower model
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Fig. 1 3D solid model of the tower
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Fig. 2 Enlarged view of the openings
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Fig. 3 Finite element model of the tower
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Table 2 Impact of the openings of tower
bottom on tower modality

EERTES g A TR /Hz JE 11 /Hz
1 0.37774 0.37883
2 0.38128 0.37884
3 3.9876 4.0230
4 4.0230 4.0243
5 7.2643 7.3170
16 21.115 22.391
17 25.552 28.312
18 27.784 30.109
19 29.044 32.744
20 29.618 32.766
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Table 3 Impact of the overall eccentric of the cabin and
wind wheel (with hubs) on tower modality

[ A 4 5 B 44 i L>/Hz Al 0> /Hz,
1 0.37774 0.37903
2 0.38128 0.37968
3 3.9876 3.9889
4 4.0230 4.0253
5 7.2643 7.2697
16 21.115 21.116
17 25.552 25.553
18 27.784 27.979
19 29.044 29.127
20 29.618 29.614
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Fig. 4 Plot of the total mass of the cabin and wind wheel
(with hubs) vs. the first natural frequency of the tower
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Table 4 Test of four factors and three levels

K& R x/m L x/m R /m t m/m
1 3 0.02 2 0.014
2 4 0.024 2.5 0.028
3 5 0.028 3 0.022
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Table 5 Group table of test data

R % R j/m t /m R 5/m t m/m
1 3 0.020 2.0 0.014
2 3 0.024 2.5 0.018
3 3 0.028 3.0 0.022
4 4 0.020 2.5 0.022
5 4 0.024 3.0 0.014
6 4 0.028 2.0 0.018
7 5 0.020 3.0 0.018
8 5 0.024 2.0 0.022
9 5 0.028 2.5 0.014
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Table 6 Impact of the wall thickness and diameter
of tower on tower modality

% 1 2 3 4
1 0.25515 0.26108 2.9329 29714
2 0.30210 0.30425 3.1933 3.2351
3 0.33904 0.34418 3.4339 3.4774
4 0.40057 0.40378 3.7947 3.8277
5 0.43679 0.44092 4.1525 4.1891
6 0.41052 0.41407 3.6322 3.6653
7 0.53694 0.54159 4.7222 4.7530
8 0.52092 0.52386 4.1938 4.2220
9 0.56071 0.56324 4.5979 4.6298
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