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Computational method for whirl-flutter instability
analysis for flexible propellers

This thesis is dedicated to the development of the FerBeam finite element framework in Python from
scratch. It aims at a investigating whirl-flutter phenomenon for flexible propellers mounted on flexible
wings. Equations of motion were thereby developed in the fixed frame for the stator and in the rotating
frame for the rotor and finally coupled together using an innovative coupling algorithm applied to the
context of finite elements. The framework proved it’s capabilities to handle user-imputed arbitrary
beam structures. The uncoupled part of the framework is fully verified using a commercial software but
the coupling algorithm remains only partially verified.

Stability of the resulting periodic equations of motion is tackled using a Floquet analysis and it’s time
integration is studied, revealing a numerically stiff behavior. Through the choice of stiff integrator
namely the BDF formulas, "tensorialization" and parallelization of the problem, large computations
could be done in a reasonable amount of time allowing to build precise stability diagrams.
Results reveal that, for a typical 4-bladed wing-propeller structure, 2 unstable regions are found, the
first one being due to whirl flutter and the second due to divergence at larger rotation speeds. Impact
of the blade dynamics is found to be non-negligible for high speed instabilities with up to 15% of blade
flapping due to vibrations of the blades. Necessity of taking into account wing dynamics is highlighted
as it greatly deteriorates stability for very flexible wings with large energy exchanges between rotor and
stator parts. Not taking into account coupling disregards the existence of the first unstable region
leading to dangerous and unpredicted failures due to whirl flutter, further showing the necessity of
coupling.
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