Effect of magnet position in electro-magnetic transducer of middle ear implant
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Abstract. The paper is devoted to modelling and numerical analysig®fmiddle ear with an implantable middle
ear hearing device. The main focus is put on elec- tromechbhobdupling between the biomechanical subsystem of the
middle ear and electrical subsystem of the implant. Thetreleeechanical coupling describes the interaction between
electrical and mechanical systems, and it is defined as mealidependence of magnet position relative to the coil’s
transducer centre. This is a novel approach, that generatesesonances, instabilities, subharmonic and also ichaot
stapes vibrations depending on a voltage excitation. Kirthe stapes motion from numerical simulations stimwddig

the floating mass transducer is compared to experimentadtsgserformed on the human temporal bones. The findings
of this research can be used practically to develop a beitestiuction of a floating mass transducer.

I ntroduction

Sound transfer through the human ear is disturbed very tiéeause of clinically significant hearing deficits
[1]. If a hearing loss is mild or moderate, it can be improvgdcbnventional hearing aids (non-invasive, not
requiring surgery) that consists of a microphone to pick opnsl, amplifier circuitry that makes the sound
louder and a miniature loudspeaker to deliver the amplifahd into the ear canal. However, patients with
moderately severe or severe hearing loss have to be equigtteahore technologically advanced devices, such
as implantable middle ear hearing devices (IMEHDs) thah&dysed here.

Results and discussion

The model of the IME presented in [2] is now modified and imebin order to fulfil the purpose of this study.
First of all, it is assumed according to the physical systemstruction, that the coil is fixed to the can of the
FMT (the improvement of the previous model). Moreover, tiiRi& presented as nonlinear dependence of the
magnet position related to the coil (the modification of thevipus model). The new model of IME with the
schematic view of the middle ear is shown in Fig.1. Magnéeft §hosition relative to the coil) is important for
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Figure 1: Electromechanical model of the implanted middie(a) with resonance curves obtained for different magmiét s (b) and
regions of subharmonic motion (c).

stapes vibration as presented in Fig. 1b and c because igjehha resonance curve, that is amplitudes and
resonance peaks (Fig. 1b). Moreover, improper magnetipogian cause subharmonic stapes vibrations. That
is harmful from medical (practical) point of view.
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