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Semi-analytical solution of in-plane nonlinear wind turbine blade system
based on the time-domain minimum residual method
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Abstract: This paper develops a dynamical model for the in-plane motion of wind turbine blades,
systematically deriving nonlinear partial differential governing equations based on Hamilton's principle.
The model incorporates gravitational loads, aerodynamic loads, and geometric nonlinearities induced
by large deflections, to establish a continuous system characterized by second-order nonlinearities.
Through Galerkin discretization with assumed cantilever mode function under constant rotational
speed, the original partial differential equations are reduced to a second-order nonlinear Mathieu-
Duffing system featuring both parametric excitation and direct external excitation. To investigate the
bifurcation characteristics of this nonlinear dynamical system, an innovative time-domain minimum
residual method is proposed and implemented. The results reveal rich nonlinear dynamical behaviors
under parametric excitation: stable periodic oscillations dominate specific parameter regimes, while
transitions to chaotic responses emerge through control parameter variations.
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