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Fault Detection and wave-control of imperfect

cyclic symmetric systems
The seminar will be given in English
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Cyclic symmetric systems have many uses in the industry, including ultrasonic motors,
propulsion, sensing and in bladed Jet turbines disks. Imperfections or defects (aka mistuning)
render these systems imperfect and may cause substantial loss of efficiency, excessive vibrations
and restricted energy flow. The seminar focuses on identification of the localized stiffness
imperfection and its severity, by examining the perturbation of the system's doublet mode shapes
from the initial ones of a perfectly symmetric system. The positions of the imperfections are
obtained using Autoresonance excitation with modal filtering, and the mode shapes are obtained
by finding an excitation which results in a pure standing wave. A second application of the
mathematical development is geared to creation of optimal traveling waves (which have common
applications in cyclic systems), overcoming the system's mistuning. This is achieved by locking
on to an optimal spatial phase of excitation, amplitude ratio and frequency, using online gradient
descent based methods. An experimental setup consisting of an acoustic cyclic symmetric system
was constructed to validate the findings. The system is composed of a chain of Helmholtz
Resonators connected by their necks. Using a lumped equivalent model, it is possible to
approximate the dynamics of a system to that of a chain of masses and springs. Excitation of the
system was achieved via loudspeakers, and sensing via microphones. The control loop was
implemented via Dspace control system. The experimental results are in agreement with the
analytical findings.
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