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ABSTRACT

This research considers model-based H.. Loop shaping controller design for vibration
control of flexible structures. The study is based on experimental rig comprised of a torsion beam
with 45 transverse rigid rods that increase inertia such that the four lowest natural frequencies are
24.4, 4"97.0, 73.1 and 97.6 rad/s, Disturbance and control force actuation is achieved using voice
coils, while position (torsional angle) sensing is based on optical detection of a reflected laser
beam. Real-time controller implementation is based on an xPC target system with PCI-6024E
A/D and D/A card.

The full-order dynamic model, based on system identification, has 240 states but a
reduced order (12 states) model is used for the controller design. The controller design is based on
the mixed-sensitivity robust performance criterion: ||W,(s)S(sHW,(8)T(s)|- < 1. The influence of
the performance weighting function W (s) and the robustness weighting function W,(s) on the
performance and the stability are presented. W,(s) is designed to specify a bound on the
unstructured modeling uncertainty arising from the model reduction process. Its gain is designed
in three different ways. The five of different frequency responses of W (s) is selected to
compensate for disturbance amplification effects. Controllers were numerically synthesised in the

transfer function domain using a model matching method.
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The Hy, controiler was assessed experimentally and found to achieve stable operation and
expected levels of vibration suppression for low frequency excitation when W,(s) was designed
stmilarly to the open loop transfer function from the disturbance force input. The gain of W,(s)
has very small influence on the performance and the stability as long as W.(s) covers the
uncertainty bound. Increasing the order of the model used in the controller synthesis to 16 states
did not improve performance as the limiting factor was found to be numerical errors in the design
procedure,

For comparison, the 12 states model was also used to design LQG controllers of which
the performance can be specified easily by choosing quadratic weighting matrices R and Q that
specify the co-variance (mean square value) of expected disturbance forces and SeNnsor noise.
Although the LQG controllers gave good performance, the stability can not be guaranteed by
choosing only Q and R parameters. Selecting the ratio Q/R too high can cause system instability

as was observed in the experiment.



