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Tab. 1 List of geometrical parameters of 15 MW wind turbine blade

BRAEG/R) I /m M /rad  EEMAG/) JEK/m B4 /m MRS SRR R
1.00 0.50 —0.02 0.37 117.00 4.00 FFA-W3-211 —
0.95 1.99 —0.03 0.35 111.15 3.43 FFA-W3-211
0.77 2.90 —0.30 0.31 90.29 1.71 FFA-W3-211
0.64 3.50 0.00 0.29 74.67 0.73 FFA-W3-241
0.54 3.96 0.02 0.29 62.91 —0.18 FFA-W3-270 blend
0.44 4.48 0.04 0.30 51.38 —0.12 FFA-W3-301 é
0.33 5.15 0.08 0.31 38.47 —0.24 FFA-W3-330 blend il
0.25 5.68 0.12 0.32 29.30 —0.25 FFA-W3-360
0.15 5.65 0.19 0.38 17.55 —0.21 SNL-FFA-W3-500
0.02 5.21 0.27 0.49 2.34 —0.02 circular
0.00 5.20 0.27 0.50 0.00 0.00 circular -
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Fig. 1 Comparison of theoretical and actual stiffness of blade aeroelastic model girder( Section size unit:mm)
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Tab. 3 Structural dynamic characteristics analysis of aeroelastic model and real wind turbine blade
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Blade root reaction method for predicting flutter critical wind speed of
15 MW ultra-long flexible blades based on aeroelastic tests

LU Man-man', KE Shi-tang"?, WU Hong-xin"?, GAO Mu-en', TIAN Wen-xin', WANG Hao'"’
(1.Department of Airport and Civil Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2.Jiangsu Key Laboratory of Hi-Tech Research for Wind Turbine Design, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China; 3.College of Mechanics and Materials, Hohai University, Nanjing 211100, China)

Abstract: Flutter is the primary challenge that has to be overcome for the development of super-large wind turbine blade. Although
the vibration wind tunnel test based on an aeroelastic model is the most effective solution, similarity ratio and measuring accuracy
of the model cannot be solved accurately by traditional methods. In this study, a novel aerodynamic-stiffness mapping integrated
three-dimensional complete aeroelastic model design method of super-long flexible blades based on the principle of equivalent stiff-
ness of main beams is proposed for the first time. Later, synchronous full-wind angle wind tunnel tests of vibration and force mea-
surement are carried out using the high-speed photography technology and a high-frequency six-component balance. The nonlinear
dynamic response spectral characteristics of NREL-15MW super-long flexible blades are discussed systematically. A comparative
analysis of flutter performances and critical instability state of wind turbine blades based on blade tip deflection and blade root reac-
tion force is carried out, which proves the feasibility of forecasting flutter performances according to blade root reaction force. The
blade root reaction force method for flutter instability forecasting of super-long flexible blades is put forward. Results show that the
proposed aeroelastic model design and experimental method can simulate dynamic performances and flutter behaviors of wind tur-
bine blades accurately and effectively. In the test, it finds that the super-long flexible blades flutter in pitch angle ranges of 93°~96°
and 284°~287°. In the flutter ranges, the flutter critical wind speed decreases firstly and then increases with the increase of pitch an-
gles, reaching the valley (5.4 m/s) at 94°. The blade root reaction force and blade tip deflection have consistent divergence and
strong correlation. It is suggested that the wind turbine blade enters into the flutter critical state when the flutter index of blade root

reaction force is 6==>2%.

Key words: 15 MW super-long flexible blades; aeroelastic model design method ; synchronous vibration and force measurement;

flutter critical wind speed ;blade root reaction force method
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