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Abstract

In the talk, | will present research path which took me from spectral analysis of time delay systems
to development of time delay algorithms for vibration suppression and control of flexible mechanical
systems. The talk will start with an outline of an ‘easy to apply’ QPmR routine for computing
spectrum of quasi-polynomials including analysis of spectral properties of retarded and neutral time
delay systems. Interestingly, the undesirable closed loop neutrality can arise if time delay algorithms
are applied to vibration suppression and control of flexible mechanical systems. This phenomenon
will be targeted for several case study applications with the aim either to make the neutrality ‘safe’
or to remove it by structural adjustment of the controller (compensator).

The state derivative feedback will be targeted as the first case study motivated by control of
mechanical systems where accelerometers are used to monitor the system motion, including
vibration. In theory at least, the neutrality of such closed loop may arise if an arbitrary
communication delay is present in the feedback path. The aim of the proposed control design is to
make the closed loop strongly stable, i.e. stable under such emerging small delays. The acceleration
feedback is also applied in delayed resonator, which forms the second case study. After the
neutrality analysis for the original resonator feedback with a lumped delay, an adjustment of the
control algorithm is proposed consisting in substitution of the lumped delay by a distributed delay.
Next to the signal filtering by the distributed delay, the main benefit of the feedback adjustment is
the retarded spectrum of the closed loop.



Analogously to the delayed resonator adjustment, substitution of the lumped delay by a distributed
delay proved useful in the design of input shapers used to pre-compensate the oscillatory modes of
flexible mechanical systems. The retarded spectrum of zeros of the distributed delay shaper is
particularly important in its inverse application within a feedback loop —the concept proposed to
pre-compensate the oscillatory modes induced by both reference and disturbance changes.
Interestingly, the inverse shaper resembles the compensator in the repetitive control concept to
handle the periodic inputs of the feedback loop. Also in this case, the closed loop neutrality needs to
be removed to turn the feedback to an applicable form. Next to theoretical analysis of the given case
studies, experimental results will be presented in the talk.



