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ABSTRACT

This thesis proposes novel control strategies for a multi-axis active vibration
isolation system (AVIS) with unknown payload mass and subject to unstructured
dynamics. The results are applicable to the design of controllers for a general purpose
bench-top AVIS. The overall objective of the work is to study ways to control an
AVIS in order to isolate vibration to an acceptable level without destabilizing the
closed-loop system or generating excessive drift. This should be achieved for a range
of payloads with nonspecific shape and mass. The problem is considered as a controller
design for a linear time invariant (LTI) system subject to both constant real parameter
uncertainty due to unknown payload and non-parametric uncertainty due to unstructured
dynamics. The uncertainties are introduced into the system by using a linear fractional
representation (LFR). The performance of the multi-axis AVIS is defined in terms of
effective transmissibility which is the maximum singular value of the transmissibility
matrix. The overall isolation performance index is defined as the 3y norm of the

transmissibility matrix. In addition, the worst effective transmissibility is considered in



terms of the #{,, norm of the transmissibility matrix. A key aspect of this work is the
development of model-based conditions for robust stability and performance that are
less conservative than those used previously. This is achieved by adapting the quadratic
Lyapunov function that incorperates the kinetic energy of the uncertain payload mass.
Quadratic constraints obtained from the positive semi-definite property of the uncertain
mass, we also incorporated in the conditions. The optimal output feedback controller
synthesis method based on robust stability and performance criteria has been developed.
The resulting controller existence conditions are expressed as BLMIs, for which the
solutions can be obtained by iteration schemes. A modal sky-hook-damper controller
is used to initialize the iteration. Simulations show that the proposed synthesis technique
results in controllers that perform well under realistic conditions. An AVIS lab-prototype
has been constructed for experimental validation. The experiments show that the trend
of actual performance agrees well with the simulation results. It was observed that the
critical point for instability due to non-parametric uncertainty is at the no-load condition
and the worst effective transmissibility occurs at the maximum allowable mass. And
so the experimental tests focus on these two conditions. The experiments have been
used to investigate the feasibility of the control approach, and to identify difficulties
that might be encountered in practice.
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