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ABSTRACT

Small acoustic devices such as hearing aids and smartphones undergo strong interaction between
structural vibrations and acoustic pressure which is vital for their performance. Therefore, any
optimization of such devices must include an accurate modelling of the fully coupled physical
problem. Also, since broad spectrum frequency content is crucial in most engineering applica-
tions, the time-harmonic problem formulation can be very time consuming and hence a bottle-
neck for an efficient optimization setup. Therefore, a time-dependent formulation is a promising
alternative to partially remedy this limitation. The time domain also provides the possibility to
investigate transient phenomena. Thus, in this work we employ a time-dependent formulation of
the coupled vibro-acoustic problem, on which we base the optimization framework. Regarding
the optimization of coupled problems, another set of concerns arise. That is, since the interac-
tion takes place at the interface between solid and fluid, and we wish to investigate and utilize
resonance phenomena in the applications, the design and modelling methodology must be able
to accurately describe the physics at the interface in question. This can be problematic using
standard topology optimization, which is why we choose to work with an explicit boundary
representation and subsequently shape optimization. In the present work we therefore employ
a level set approach to implicitly describe the geometry where the zero level describes the inter-
face between solid and acoustic regions. Moreover, in order to utilize gradient based optimizers,
which allow the use of multiple, non-linear constraints, the level set function is parametrized
on a fixed mesh and its nodal points are used as design variables. The geometry described by
the zero level set is captured and modelled using an immersed boundary method CutFEM [1, 2]
which operates on fixed and unfitted meshes. Employing CutFEM approach in level set based
shape optimization also allows to facilitate an efficient computational framework for large scale
optimization problems. Advantages of transient optimization is demonstrated in problems in-
cluding acoustic signal shaping and the minimization of acoustic pressure over a broad spectrum
of frequencies in a certain objective domain.
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