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Vibration mode analysis of blade based on the wind turbine with horizontal axis under icing conditions
MAO Jun,FU Churtian, CHEN Hong yue, YU Y arr hong
(S chool of Mechanical Engineering, Liaoning T echnical University, Fuxin 123000, China)

Abstract: In this paper, a three dimensional finite element model of the blade of wind turbine with horizontal axis w as carried out
under the icing conditions. The resonance of impeller blade structure was analyzed under the icing conditions and the naturalfre
quency of blade was compared. According to the research content,the geometric parameters of the impeller blades were deter
mined, and the 3D solid drawing of the blades was performed using the Pro/ E softw are. The Fluent soft ware was used to simw
late the icing conditions of three dimensional blade, and the ANSYS structure analysis software was used to simulate the frozen
blade. The Lanczos Block was used to perform the analysis of gravitational preload of the blade. The multr body dynamics metlr
od was used to determine the vibration type, mode, and maximum displacement of each order of blade. The numerical simulation
and analysis results of the first 10- order of blade were obtained and compared. The results show ed that the main vibration mode
of the blade is shimmy and waving, and the blade has a strong resistance ability to torsion. Therefore, the design of blade should
strengthen the bending rigidity, w hich provides reference for the design and optimization of wind turbine blade.
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Tab.1 Cross section data of the blade

42/ m FREEK S/ m AR/ m HFAC)
1.375 1. 070 24.7 14.9
1. 800 1.033 22.7 11.6
2.650 0.955 19.5 7.4
3. 500 0.876 18.0 4.8
4.350 0.796 17.0 3.1
5.200 0.717 16.0 2.0
6. 050 0. 638 15.0 1.2
6. 900 0.558 14.0 0.7
7.750 0.478 13.0 0.3
8. 600 0. 400 12.0 0.2
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Fig. 1 Airfoil of blade toe of wind turbine blade
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Fig. 2 Airfoil of blade tip of wind turbine blade
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Fig.3 Axial view of linear casing of the blade
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Fig.4 Entity model of import ANSYSblade
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Fig.5 Three dimensional entity blade
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Fig. 6 Entity model of frozen blade
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Fig. 7 Rotor machine mesh
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Tab.2 The first 10-order natural frequency of the wind wheel

A HL 1 2 3 4 5
iR/ Hz  2.0169  2.0195  2.0232  6.4525  6.5643

A H 6 7 8 9 10
PiF/Hz 6.9867 12.4703 12.9842 16.1843  22.8342
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Fig. 8 Four important vibration modes
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