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Tab.1 Geometrical parameters of 15 MW wind turbine blade

BRAE /R %K /m o flifi/rad EESha/c JBK/m B/ m g AL gy e
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 ég
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-W3-270blend 7
0.44 4.48 0.04 0.30 51.38 —0.12 FFA-W3-301 & S?
0.33 5.15 0.08 0.31 38.47 —0.24 FFA-W3-330blend # P
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 f
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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Tab.2 Main similar parameters of blade aeroelastic model

HH AL R %L AR H JEL R 2 T A5 A B A A AL A A Y
JUm#i R C,, 1:70 117 m 1.67m 1.67 m
KL C, 1:70%° 72.79 m/s 8.7m/s 8.7m/s
WL C, 70°%: 1 0.555 Hz,0.642 Hz 4.682 Hz,5.882 Hz 5.463 Hz,6.049 Hz
B C, 1:70° 65252 kg 369.27 g 369.27 g
LW L C 1:70° 4.65496 X 10" N/m* 0.0277 N/m” —
BHJE L C, 1:1 0.3% 0.21% —
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Fig.1 Comparison diagram of theoretical stiffness and actual stiffness of main beam
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Fig. 2 Schematic diagram of overall design and production of aeroelastic model
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Tab.3 Comparison analysis of dynamic characteristics of aeroelastic model and prototype structure
J B 4 A oS AR A Y TS R AT ES RS e
B8 5 A 5
P A2 /He PR W/ Hz  HEHR P R/ Hz  SERR P i /Hz
w2/ % W2/ %
1 0.555 4.724 18 4.682 0.7 5.463
' (0.565) ’ (0.559) ' (0.653)
9 0.642 5.835 8.57 5.882 9.5 . 6.049
’ (0.697) ’ (0.703) (0.723)
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Fig. 3 Schematic diagram of wind tunnel aeroelastic model

measurement system
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Fig.4 Definition Schematic diagram of wind direction angle

in wind tunnel test
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Fig. 6 Flutter critical wind speed of pre-bending and non-pre-

bending aeroelastic models
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Tab.4 Comparison of inherent frequency between modal calculation results of each blade and prototype structure

1B AR/ Hz 26 BG4/ He 3B EAA MR/ Hz 4B BEAMR/Hz  SBEA MR/ Hz 6 By [ 4745 %% /Hz
J B 25 g 0.555 0.642
KT 0.649 0.692 1.632 1.923 3.654 4.605
i 3 m 0.583 0.630 1.608 1.916 3.593 4.541
A 4 m 0.566 0.632 1.607 1.924 3.585 4.525
WS 5 m 0.533 0.616 1.566 1.883 3.574 4.496
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Analysis of flutter effect in the pre-bending state of wind turbine blade

GAO Mu-en', KE Shi-tang"*, WU Hong-xin"*, ZHANG Chun-wei'”,
TIAN Wen-xin', LU Man-man'
(1.Department of Civil and Airport Engineering, College of Civil Aviation, 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)

Abstract: Most wind turbine blade pre-bending designs use the static aeroelastic analysis method. This approach often overlooks
the aeroelastic coupling instability caused by the interaction of blade aerodynamic force, inertial force and elastic force. This over-
sight is particularly significant when considering flutter performance of ultra-long flexible blades of around 100 meters. To analyze
the influence of different pre-bending sizes on flutter critical state of blade, aeroelastic model of the blade was designed based on
the stiffness equivalence principle of the main beam. Wind tunnel tests revealed differences between the flutter interval and the criti-
cal wind speed of two pre-bending blades of a 15 MW wind turbine. Further analysis was conducted on four pre-bending blades us-
ing the corrected Blade Element Momentum Theory-Geometrically Exact Beam Theory (BEM-GEBT) coupling calculation meth-
od. This analysis compared and analyzed the flutter critical wind speed, aerodynamic force distribution and displacement spectrum
characteristics of blades with different pre-bending sizes, revealing the flutter coupling modal mechanism. The research shows that
the results of BEM-GEBT coupling calculation method align well with those of wind tunnel test. As the pre-bending size increases,
the flutter critical wind speed of flap-edge coupling increases, and the flutter interval range remains essentially the same. The diver-
gence rates of lift coefficient and pitching moment coefficient of different pre-bending blades are positively correlated with the dis-
placement divergence rate. The average wind pressure curve shows significant changes in the pre-bending range of 3~4 m. The
flap-edge coupling effect is larger than the flap-torsion coupling effect, and the flutter coupling frequency is dominated by the first-

order flapwise frequency.
Key words: ultra-long flexible blades;pre-bending effect; wind tunnel test;aeroelastic coupling; flutter instability
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