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A Study of the FE Analysis Technique of Hybrid Blades
for Large Scale Wind-Turbine
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ABSTRACT: According to recent figures, 35% of the world’s blades are made using prepreg blades, by Vestas and Gamesa. They are the most
advanced in the market today. In this study, we investigated the validity of the finite element method (FEM) applied to an FE analysis of a hybrid
composite wind-turbine blade. Two methods were suggested for a composite FE analysis: using the equivalent properties of the composite or using
stacking properties. FE analysis results using the stacking properties of the composite were in good agreement with results of using the equivalent
properties. The difference between FE results was approximately 0.6~13.3%.
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Fig. 2 Geometry of hybrid blade

Table 1 Material properties of blade

UD (Glass)  Glass-epoxy  Carbon-epoxy

En (MPa) 43,100 39,000 142,000
Exn (MPa) 13,200 8,600 10,300
Ess (MPa) 13,200 8,600 10,300
Ui 024 0.28 0.27

U 0.45 0.47 0.46

v 024 0.28 0.27
Gi2 (MPa) 3,620 3,800 7,200
Gz (MPa) 4,550 2,930 3,520
Gz (MPa) 3,620 3,800 7,200

p (kg/m) 1,939 2,100 1,580
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Fig. 3 Blade regions according to variable lay-up pattern &
thickness
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Table 2 Lay-up pattern & thickness of blade skin

Thickness [mm] .
0 (e} O (e} Reglon
+45 0 0°/90
4x09%Y  52x09 4%x09 ®
o 4%x09 40 %09 4%x09 @
%"4/596‘%5/ 4x09  28x09  4x09 ®
4x09 12 %09 4x09 @)
4x09 8x09 4%09 @

(1) NxT: N=No. of ply, T=Thickness of ply

Table 3 Lay-up pattern & thickness of shear web & spar cap

Thickness [mm]
> ~ Remarks
+45° 0 90
[+45°/0°/  6%09 3x09  3x09 Shear web
0°/9N0°ls  6x09 3x09 3x09  Spar cap
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Table 4 Effective material properties of blade skin

Region Region Region Region Region
@® @ ©) @ ®

En (MPa) 31,100 35200 38800 39900 40,500
Ex (MPa) 18500 17500 15700 15100 14,700
E (MPa) 13,500 13,500 13,400 13,300 13,300
L2 0.260 0.256 0.247 0.245 0.244

LB 0.496 0.489 0.474 0.468 0.465

U3 0.649 0.677 0.726 0.740 0.749
G (MPa) 6,120 5,620 4,730 4,450 4,290
Gy (MPa) 4,320 4,370 4,450 4,470 4,490
Giz (MPa) 3,850 3,810 3,720 3,700 3,680
p (kg/ m3) 1,939 1,939 1,939 1,939 1,939

Table 5 Effective material properties of shear web & spar cap

Glass-epoxy ~ Carbon-epoxy = Remarks
Enn (MPa) 8,070 13,800 -
Ex» (MPa) 8,070 13,800 -
Ess (MPa) 8,670 10,500 -

U 0.229 0131 -

R 0.376 0.472 -

Ui 0.376 0.472 -
Gi2 (MPa) 3,280 6,100 -
Gz (MPa) 3,360 5,360 -
Gz (MPa) 3,360 5,360 -

p (kg/m) 2,100 1,580 -
4o
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J
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X, = Element x-axis if ESYS is not provided.
x = Element x-axis if ESYS is provided
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Table 6 Types of modal analysis

Skin Shear web Spar cap
Method Material Method Material Method Material

Type1 S uD S G/EY S G/E
Type2 S UD S C/EY S C/E
Type 3 E? UD E G/E E G/E
Type4 E uD E C/E E C/E

(1) Stacking property method
(2) Effective property method
(3) Glass-epoxy

(4) Carbon-epoxy
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Table 7 Results of modal analysis

Mode Type 1 Type 2 Type 3 Type 4
S, G/E S, C/E E G/E E, C/E

1 0.023 0.026 0.022 0.023
2 0.060 0.064 0.059 0.061

3 0.071 0.079 0.070 0.072
4 0.144 0.163 0.139 0.143
5 0172 0.183 0171 0.175
6 0.251 0.285 0.241 0.247
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