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Stress Analysis and Sizing for a Glass/Epoxy Composite Wind Turbine Blade
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ABSTRACT

This paper presents a method and procedure for stress analysis and sizing in development of structures of a
large composite wind turbine blade. Structural requirement of IEC standard was reviewed to set up
appropriate analysis method and procedure. Several structural layouts were examined in a viewpoint of a large
scale wind turbine blade. For the critical load cases, stress analysis were performed using finite element
method. Stacking sequence and thickness of a laminate for each part and location were determined
considering stress levels and producibility. Nonlinear geometric analysis was performed to check stability

problem due to local buckling of a skin structures.
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Table 1 Basic parameters for Wind Turbine Class
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Table 2 Engineering constants of the composites

En Ez Gz St St Sur o
(GPa) (MPa) kg/m’

UD 3450 855 3.84 | 1025 57 96 1857
Fabric | 20.3 199 114 341 336 165 1784
Foam | 0.105 0.105 0.04 | 3.11 100
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Fig.1 Planform of a 7S0kW class wind turbine blade
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Table 3 Lay-up Pattern & Thickness
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Fig. 2 FE model of a 750kW class wind turbine blade
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Table 4 Wind turbine situations of wind speed
Wind Speed Pitch angle RPM
12.7m/s 1 26
25m/s 15.5° 32
70mys ) 53.2
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Table 5 Displacement & Stress distribution

displacement | Max stress | Min stress
12.7mv/s 791mm 29 MPa -30MPa
25m/s 188mm 22 MPa -16MPa
70m/s 11313mm 544MPa -414MPa
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Fig .3 Deformed shape & stress distribution of blade

under 70m/s aerodynamic load(0°layer, o0 ).
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Fig. 4 Deformed shape & stress distribution of shear
web under 70m/s aerodynamic load( £ 45 layer, 0 ,y).
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Fig .5 Buckled shape(3 times magnified)
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Fig.6 Local buckling at 70m/s
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