
Buckling resistant blades
Innovation description
The potential for load alleviation and increased critical buckling load through the use of unbalanced fibre layup has
been documented for a large number of design cases through simulations and laboratory experiments.
The inherent directional properties of composite materials has been used to increase the critical buckling load of a
70m carbon/glass hybrid wind turbine blade. The effect of changing the fiber orientations of the less stiff, off axis glass
fiber plies was studied via nonlinear finite element buckling simulations. The orientation of the stability plies was
found to influence the onset of the Brazier effect, which further influenced blade stability and buckling
failure location. Although both blade weight and laminate thickness remained constant, an increase in critical buckling
load of 8% was achieved with a negligible change in bending stiffness. The more stable blade allowed for removal of
material leading to a decrease in maximum laminate thickness and a drop in blade mass of 3.3%. Modifications to the
ply stacking sequence and carbon fiber usage were also considered and were found to affect the buckling load but not
necessarily the optimum fiber orientation of the stability plies
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Impact
• Increased buckling resistance
• Retain buckling resistance with lower blade weight
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Buckling locations for the 11 different stability ply orientations.

Transverse strain at 23m span exhibiting the influence of the Brazier effect for the stability ply orientations (a) 0°, (b) ±45° and 90°.

CBL: critical buckling load U2 = flapwise bending deflection at blade tip. E 11 = minimum
logarithmic strain in carbon fiber. UR3 = maximum twist at blade tip.


