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Applications of non-intrusive model order reduction approaches

in long wind turbine blades with large-deflection effects

Ozan Gözcü and Suguang Dou

DTU Wind Energy, Technical University of Denmark, Frederiksborgvej 399,
4000 Roskilde, Denmark

High-fidelity beam models are widely used in the state-of-the-art load analysis tools for wind turbine
design and certificate. As the wind turbine blades become lighter, longer and more flexible, the large-
deflection effects of blades can not be ignored. In order to capture the influence of these nonlinear
effects, nonlinear finite element or multi-body formulations are used to extend the applicability of the
beam elements. However, such high-fidelity models require a large number of elements (e.g. 30) and the
resulting number of equations is even larger (e.g. 180).

While linear model reduction has been used in early studies of small wind turbines, nonlinear model
reduction techniques are rarely applied in the field of wind energy. As the wind turbines become more
powerful and also larger, it is relevant to study nonlinear model reduction techniques for large wind
turbines. In order to reduce the computational expense without compromising the accuracy, we investi-
gated the applications of non-intrusive model order reduction approaches in long wind turbine blades with
large-deflection effects. The resulting reduced-order models can capture the large-deflection responses of
blades by using a small number of reduction basis vectors (e.g. 15).

The generated nonlinear reduced order models have a wide range of applications in wind turbine
analysis and design, including (a) speedup of simulation of single turbine or a farm of turbines, (b)
generation of nonlinear ROMs of blades from 3D finite element (FE) models (c) further generation
of low-dimension linearized model suitable for controller design, and (d) combination with nonlinear
reduced-order models of Computational Fluid Dynamics (CFD) for analysis of Vortex Induced Vibration
(VIV) problems in wind turbines.
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