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Structural Design of Multi-Megawatt Wind Turbine Blade
by Classical Lamination Theory
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ABSTRACT: This research presents a method for the initial structural design of a multi-megawatt wind turbine blade. The structural data for a
2-MW blade were applied as the blade structural characteristic data of the reference blade. Tenkinds of blade models were newly designed by
replacing the spar cap axial GRRP with a GFRP and CFRP These terms should be defined. at different orientations. The axial stiffness coefficients
of the newly designed models were made equal to the coefficient of the reference blade. The required numbers of layers in each section of blades
were calculated, and the lay-up designs were based on these numbers. Verification results showed that the design method that used the structural
data of the reference blade was appropriate for the initial structural design of a wind turbine blade.
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Fig. 1 Coordinate system and stress of composite beam
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Table 1 Specification for reference turbine system

Title Description
Type 3 bladed upwind
Rotor diameter 820 m
Rotor swept area 5281 m2
Hub height 78.0 m
Power regulation ;2;332 ds peed, pitch
Rotor speed 17.47 RPM (rated)
Rated power 2,000 kW
Cut-in wind speed 4 m/s
Cut-out wind speed 25 m/s
Rated wind speed 115 m/s
Design wind class E‘?f=((;.[1rg§=42.5 m/s,

Annual mean wind speed at hub height 8.5 m/s

Required turbine life time 20 years
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Fig. 2 Stiffness calculation point for structural design
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Fig. 3 Axial stiffness coefficient of GFRP model
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Fig. 4 Axial stiffness coefficient of CFRP model
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Fig. 5 Twist coupling coefficient of GFRP model
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Fig. 6 Twist coupling coefficient of CFRP model
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Fig. 7 Lay-up design example(GFRP 20 deg blade)
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