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Fig. 1 Configuration of (a) a wind turbine and

(b) a blade at two coordinate systems
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Table 1  Elastic modulus of graphite/epoxy laminate at

different moisture concentration; G, =G, ,

Gy =0.5G,, u, =0.3, B, =0, B, =0. 44
AC/% 0.00 0.25 0.50 0.75 1.00 1.25 1.50
E/(GPa) 130 130 130 130 130 130 130
E,(GPa) 9.5 9.25 9.0 875 85 85 8.5
G,(GPa) 6.0 6.0 6.0 6.0 6.0 60 6.0

iz Z;Iaigg—[:mgéll‘i$§§:cn =G]2 ,023 =0. 50]2,
i =0.3,0,= -0.3x10°K™" |, =28. 1 x 10 ° K"
Table 2 Elastic modulus of graphite/epoxy laminate at

different temperatures G; = G,,, Gy =0.5G,,,

tp=0.3,0,= -0.3x10°K™", o, =28. 1 x10 * K"
Temperature T(K) 300 325 350 375 400 425
E, (GPa) 130 130 130 130 130 130
E, (GPa) 9.5 85 80 7.5 7.0 6.75
Gy, (GPa) 6.0 6.0 55 50 4.75 4.5

x3 RNLASH
Table 3 Geometry parameters of a particular multi-layered

composite beam

Length (m) Width(m) Thickness(m)
10 0.03 0.01
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(b) Torsional damping ratio
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Fig. 2 Damping ratio-twist angle curves when

AC=0.00%, T=300K, ¢ =60°
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AEROELASTIC STABILITY OF COMPOSITE WIND TURBINE BLADE
UNDER HYDROTHERMAL ENVIRONMENT "

Zhang Kangkang' Li Liang'™ Luo Jie' Li Yinghui’
(1. College of Science, Anhui University of Science and Technology, Huainan 232001, China)
ge o Y 8y
(2. School of Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract The aeroelastic stability of the composite wind turbine blade under hydrothermal environment is inves-
tigated in this paper. An Euler-Bernoulli beam model is used to describe slender blade. Hydrothermal effect is
introduced through constitutive equation based on composite beam theory. The governing equation of the coupled
bending-torsion (flap-feather) vibration for the composite blade under hydrothermal environment is then estab-
lished based on the generalized Hamiltonian principle. The characteristic equation of the blade linear free vibra-
tion is obtained from the governing equation, and the assumed-modes method is used to calculate vibration char-
acteristics. Furthermore, the effects of twist angle of section, hydrothermal effect and ply angle on blade aeroelas-
tic stability are discussed. The following conclusions are drawn: (1) torsion motion is prone to aeroelastic insta-
bility since the damping ratio of torsion is very small, but the aeroelastic stability can be improved by increasing
twist angle of section; (2) the increasing of temperature aggravates the instability when aeroelastic instability oc-
curs; (3) the influence of moisture concentration on aeroelastic stability is very little; (4) the effect of ply angle

on aeroelastic stability is large.

Key words wind turbine blade, hydrothermal effect, ply angle, aeroelastic stability
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