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ABSTRACT

Micro-acoustic devices such as hearing aids, sensors and micro-loudspeakers constitute challeng-
ing engineering design problems. This is mainly due to the strong coupling between mechanical
vibrations and acoustic pressure at micro-scale, making intuitive solutions non-trivial to achieve.
Such devices also show a high degree of sensitivity to small geometric variations since they cou-
ple high internal pressure levels with vibrations of elastic materials. This means that modeling
techniques must be able to capture localized effects due to small geometric features. Thus, ac-
curate modeling of the multi-physical problem is paramount if the device performance is to be
optimized based on a numerical framework, i.e. using systematic structural optimization meth-
ods. In this work the vibro-acoustic problem is formulated using a time harmonic formulation
and the coupled interface is described with an explicit boundary representation. One of the
popular approaches to model the vibro-acoustic systems is the utilization of body fitted meshes
to represent the geometry separating the two physical domains. However for shape optimization
this approach suffers from high computational costs due to re-meshing in each design iteration.
The presented work employs the CutFEM method [1, 2] in conjunction with level-set represen-
tation of the geometry which provides an implicit description of the design configuration from
the zero-level contour. That is, using a fixed background mesh and an advanced integration
scheme provides highly accurate physical solutions to the governing problem. The design pa-
rameterization is obtained using a nodal level set description which is directly linked to the
mathematical design variables. This, together with the use of image processing filters, allows
the use of a gradient based optimization tools and the inclusion of multiple, non-linear con-
straints. The developed framework for the optimization of strongly-coupled mechanical acoustic
interaction problems is first demonstrated by the benchmark design problem of determining an
optimized elastic structure which acts as a partitioner in an acoustic channel to minimize the
sound pressure towards the outlet section. Moreover, the design of a wave splitter is studied
where the acoustic waves emitted by a vibrating mechanical structure are tailored to have a
prescribed directivity dependent on the frequency of excitation. Finally, an application oriented
optimization case is considered to improve the performance of a simplified 2D model of a hearing
instrument by optimizing the shape of the suspension structure around the internal channel to
damp the structural vibrations caused by the incoming acoustic signal from the receiver.
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