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Abstract

This study analyzes the fabric skin of a wind turbine blade. The fabric skin is a membrane structure that
was analyzed using a static Fluid Structure Interaction (FSI) method. For this study the blade of large 5 MW
wind turbine was selected. In order to examine the validity of the analysis, a variety of reference data were
used. Before conducting static FSI analysis, a Computational Fluid Dynamics (CFD) analysis and modal
analysis were done. Then interaction analysis was conducted. FSI analysis was done with imported
Aerodynamic data that resulted from the CFD analysis. The resulting observations about the membrane
structure, inherent tensions, deformation of the final structure, and aerodynamic forces caused by deformation
are reported.
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Table 2 Comparison of Natural frequency
[Square membrane]
Table 1 Material property of square membrane Natural Natural
u
Prestress Frequency(Hz)
a,b 0.2 m Frequency(Hz)
(N/m) [Reference datal )
E 119 GPu 5] [Analytical data]
p 790 kg/m? 10 39.66 39.43
t 0.0001 m 20 56.08 55.76
v 0.3 30 68.69 68.29
40 79.56 78.85
Ansys Workbench Pre-stressed modal analysis 50 88.67 88.16
& A&t Tﬁﬂo}""ﬁ‘r A58 Are Bz P4
7 aFHES v ofdle] Fig. 2 ¢ Table 2 7 Figure 2 °lA = < Slxeo], AE&Z2Ia3& AME
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MODE 1 MODE 2

MODE 3 MODE 4

MODE 6

MODE 5

Fig. 2 Mode shape of square membrane
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Fig. 3 Geometry of shell membrane
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Table 3 Material property of shell membrane Table 4 Comparison of Natural frequency
[Shell membrane]
L 55 m
Natural
1 21 m Natural
Mod Frequency(Hz) - (H2)
f 5 m oae [Reference datal reduencyitiz
[Analytical data]
R 15 m [7]
H 0.1 m 1 2.34 2.26
9, 16 rad 2 2.34 2.52
E 6 GPa 3 3.52 3.38
4 .52 .
p 1.6 10° kg/m? 3:5 377
5 4.47 4.44
v 0
6 4.47 4.57
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Fig. 4 Mode shape of shell membrane

Fig. 5 O-grid mesh of NREL blade (full shot)
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Fig. 7 Distributed airfoil types of the NREL-5MW
wind turbine blade

Fig. 8 DU_40 airfoil attached with fabric skin
geometry
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Fig. 10 Total deformation of fabric skin true
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Fig. 11 O-grid mesh (up), boundary condition
setting of CFD (down)
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Fig. 12 Aerodynamic data about AOA[0°] (left) and
AOA[10°] (right)

3.3 Static FSI analysis
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Fig. 14 Total deformation after FSI analysis
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Fig. 13 Imported pressure from CFD to membrane
structure
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Fig. 15 Total deformation after FSI analysis
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Table 5 Comparison of C,, C, [AOA - 0°]

il Ll R 1 318(%)
Cy 0.1492 0.1338 10.32
Ch 0.0246 0.0239 2.85
AOA = 0°

Table 6 Comparison of C,, C, [AOA - 10°]

e A e $ 318 (%)
Cy 0.8048 0.8111 0.78
Ch 0.0502 0.0516 2.71
AOA = 10°

29 Fig. 16, Fig. 17 3 Table 5, Table 64
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