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ABSTRACT

This works is part of a research line focused on the generation of a finite element numerical model of
the tympanic membrane (TM) based on experiments carried out on a cadaveric human temporal bone.
A high-speed digital holographic (HDH) system was used to obtain the acoustically-induce transient
displacement of TM surface of eight specimens during a transient test in the Eaton-Peabody Laboratory.

We are developing a methodology to generate the complete model of the TM system by validation of
numerical and experimental data. This study will help to better understand the mechanisms of
transmission of sound in the ear, where TM plays an important role in the transmission of sound energy
to the inner ear through the excitation of the ossicular chain.

Displacement measurements were obtained by an HDH method based on correlation interferometry
capable of measuring almost instantaneously the full field of view of the displacements of the visible
face of the TM (>200.000 points at 67.200 camera frame rate) [1-3]. The shape measurement is based
on the Multiple Wavelength Holographic Interferometry (MWHI) system, by means of lighting variations
with a constant optical path length (OPL) [4,5].

Based on the experimental data, the shape of the outer wall of the TM and the damping values are
evaluated. Other parameters (Young modulus, thickness, etc.) will be obtain by numerical-experimental
validation between test data and an iterative series of transient numerical simulations with ANSYS
software. There is very little numerical work on the time-domain response of the human auditory
system [6] and no one referred to a specific specimen. However, the authors have experience in
harmonic and modal simulations of these mechanisms, which is a starting point in this study [7-9].
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In this work, preliminary methodology for the determination of mode shapes obtained by experimental
data is presented. A new routine is programmed based on the post-processing of transient data of full
external face of TM during the test. The main objective is to have an accurate approximation of main
frequencies and shape modes that we can use further in the numerical-experimental validation.

In this sense, the time response of the system is processed in two different ways. Fast Fourier Transform
is applied to obtain the Frequency Response Function with different weighting window, one centred on
the initial impulse function applied and another one centred on the long-term response of the system.
In the first case, the FRFs shown the spectral distribution of the incident pressure wave. On the second
case, the whole modal response of the system can be identified, and natural frequencies and mode
shape can be estimated as well as damping values.

The methodology presented shows that we can obtained important information to characterize
dynamic properties of the system directly from this kind of transient experiment. In addition, sets a
range of starting values for some material properties that reduces the number of iterations in
subsequent numerical transient simulations.
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