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Efficient Super-element Structural Vibration Analyses

of a Large Wind-turbine Rotor Blade Considering Rotational
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ABSTRACT

In this study, computer applied engineering(CAE) techniques are fully used to efficiently conduct

structural and dynamic analyses of a huge composite rotor blade using super-element. Computational fluid

dynamics(CFD) is used to predict aerodynamic loads of the rotating wind-turbine blade. Structural vibration

analysis is conducted based on the non-linear finite element method for composite laminates and

multi-body dynamic simulation tools. Various numerical results are presented for comparison and the

structural dynamic behaviors of the rotor blade are investigated herein.
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Fig. 4 Computational grid of the windturbine rotor
blade

43e+
20e+
03e+
86e+
69e+
Sle+

e+ ——

17e+

00e+

30e+

58e+!

87es
160+
45+
i
1980+
3690+ T‘Z
[ Sates
“7.12e+ Y
B g30n

RIeyashae
Sasaanaaa
29222222

Fig. 5 Pressure contour on the blade surface
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Table 1 Machanical material properties of the com-
posite blades

UD
E11(GPa) | E22(GPa) | G12(GPa) | v12 p(kg/m’)
43.1 13.2 3.62 0.241 1,939
SIT(MPa) | S2T(MPa) | SIC(MPa) | S2C(MPa) | SS(MPa)
916 41 759 124 38
Balsa
E(GPa) v p(kg/m’)
3.72 0.1 151
Upper Skin

N\

Lower Skin

Shear web

Spar cap

Fig. 6 Configuration of present composite blade
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Fig. 7 3D finite elements of a blade
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Table 2 Comparison of the 3D FEM and S.E. blade's
static displacements

Direction 3D FEM Super element
X-Displacement 70.83 mm 70.84 mm
Y-Displacement 17.59 mm 17.59 mm
Z-Displacement 0.033 mm 0.032 mm

Z-Rotation 0.025 rad 0.025 mm

Table 3 Comparison of natural frequencies between
the 3D FEM and S.E blade's

Mode 3D FEM (Hz) | Super element (Hz)
st 1.10 1.10
2nd 1.76 1.76
3rd 3.30 3.30
4th 5.82 5.82
5th 6.69 6.70
6th 10.48 10.53
7th 10.95 11.04
8th 12.54 12.62
9th 14.59 14.73
10th 15.73 16.04
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(b) Deformed shape
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(a) Initial shape
Fig. 10 Initial and deformed shpae of composite blade

(¢) Z-Direction deformation
Fig. 9 Displacement responses at blade tip
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