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Modeling of Flexible Rotor Magnetic Bearing Flywheel System with Gyroscopic Effect
Using Singular Value Decomposition
( 1st Report: Precise modeling and control system design )
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Ming REN (Stu. Mem.), Kenzo NONAMI (Mem.)

This paper deals with a flexible rotor magnetic bearing flywheel system taking into consideration of the
gyroscopic effect. A flexible model has been derived based on the finite-element method. Further, a mode
separation has been carried out by the singular value decomposition method considering the equation of motion with
the gyroscopic matrix. Meanwhile, we also studied a vibration analysis based on a rigid model. Through the result of
relation between the natural frequency and the rotation frequency by experiment, the FEM model can be adjusted so
as to be similar to an actual system. Finally, the effectiveness of the reduced-order flexible model and stability of the
closed loop system with the H.,controller were verified through the simulation.

Keywords: magnetic bearing, flexible rotor flywheel, singular value decomposition, mode separation, gyroscopic
effect, vibration analysis, H..control, zero bias control.
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(a) Flywheel rotor and containment

AMX124 Flywheel

(b) Cross-sectional view

Fig.1 Overview of flywheel system.
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Fig.2 One dimensional finite element model.
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Fig.7 Block diagram of generalized plant.
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Fig.8 Bode plots of OHz.
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