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A equivalent stiffness modeling has been performed for extracting the equivalent stiffness
properties which are orthotropic elastic model from a large scale wind turbine rotor blade so
that structure model can be constructed more simply for the three dimensional static
aeroelastic analysis. In order to present the procedure of equivalent stiffness modeling, NREL
SMW class wind turbine rotor having the three stiffness information which are flapewise,
edgewise and torsional stiffness was chosen. This method is based on applying unit moment at
the tip of the blade as well as fixing all degree of freedom at the blade root and calculating the
displacement from the load analysis to obtain the elastic modulus corresponding to equivalent
stiffness referred to the NREL reports on blade divided into 5 sections respectively. In addition,
one section was divided into 3 parts and the trend functions were used to make the equivalent
stiffness model more correctly and quickly. Through the comparison of stiffness between the
reference values and calculated values from equivalent stiffness model, the investigation of
the accuracy on the stiffness values and the efficiency for constructing the model was
conducted.

Key Words: Equivalent Stiffness Model (5744 22), Wind Turbine Rotor System (£ ZHA|AH!), Aeroelastic
Analysis (S B8l Ad)

7|543 G = shear modulus

GJ = torsional stiffness
a = slope between stiffness and elastic modulus I, = second moment of area in flapwise direction
o= displacement from load analysis I,,= second moment of area in edgewise direction
EI. = flapwise stiffness J = second moment of area in torsional direction
EI, = edgewise stiffness L = section length
E, = elastic modulus in axial direction M, = moment in flapwise direction

¢ =slope from load analysis M, = moment in edgewise direction
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T = moment in torsional direction
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Table 1 Specification of the NREL 5SMW turbine rotor
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(c) Deformation (d,) applied by moment (M)
Fig. 9 Results of the static load analysis using equivalent

stiffness model assigned by initial elastic modulus

on section5
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Table 2 Slope values form the fitted trend function

Slope Slope Slope
Section (El to E.) (Elto E.) (GJto G)
Part1,3 Part2 Part1,3 Part2 | Partl,2,3
1 3.750 3.196 5.150 1.589 -
2 7.021e-1 1.156 3.871 1.089 3.824
3 8.012e-2 | 1.914e-2 | 3.188¢-1 | 8.036¢-1 | 2.656¢-1
4 1.710e-3 | 8.660e-3 | 2.876¢-1 | 6.965¢-2 | 3.233e-2
5 3.280e-4 | 9.074e-4 | 5.722¢-2 | 1.265¢-2 | 3.210e-3
Table 3 Calculated Elastic modulus based on the
displacement from load analysis using the
improved model
E. (Partl,3) E. (Part2) G(Part1,2,3)
Section
[Pa] [Pa] [Pa]
1 3.121¢9 1.793¢9 3.610e8
2 1.710e9 5.958e8 7.852¢7
3 8.462¢9 1.065¢8 3.027¢8
4 1.082¢10 3.094¢8 4.982¢8
5 1.702¢8 4.156e7 5.902¢7

Edgewise Stiffness [Nm’]

Torsional Stiffness [Nmz]

Fig.
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