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Occluded ear simulators:
Determination of the dimensions
Following the design approach, the present
step consists in matching the acoustic input
impedance to that of average real ears for
each of the five age groups. This condition is
satisfied by imposing the appropriate acoustic
impedance near the microphone location.
This impedance is reproduced by means of a
network of Helmholtz resonators, each
resonator being composed of an annular cavity
coupled with holes or with an annular slit.
An analytical model of the ear simulator has
been developed in order to determine the
dimensions of the Helmholtz resonators. This
model, taking into account the thermal and
viscous boundary layer effect, turns out to be
useful for the quick computation (few
seconds) of the input impedance of the ear
simulator and the comparison with the
specifications.
Besides, a numerical model of the ear
simulator has been developed in order to
validate or adjust the dimensions determined
analytically. The finite element model makes
use of the (τ,v) formulation [Joly, Acta Acust
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consists of a set of two coupled equations
involving the temperature variation (τ) and
particle velocity (v). Note that this formulation
is particularly adapted to mechanical and
thermal boundary conditions and provides
suitable results taking into account the thermal
and viscous boundary layer effect.
The modulus (in dB re. to Pa.s.m-3) of the
acoustic input impedance of the ear simulator
as function of frequency (in Hz) for the
neonates group is shown in Figure 1. Both the
analytical result (blue solid line) and the
numerical results (green crosses) show a good
agreement with the average input impedance
of neonates ears (gray solid line) in the
frequency band [250-8000] Hz.
It is worth noting that, since the impedance of
the human ear evolves over time and growth
until the maturity of the ear, the dimensions of
the Helmholtz resonators are different from
one age group to another. Thus, five occluded
ear simulators have been designed, i.e. one for
each age group.
Moreover, the dimensional tolerances and the
associated deviation of the acoustic transfer
impedance of the ear simulator have been
determined by Monte-Carlo simulation.
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Figure 1: Modulus of the acoustic
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input impedance (in dB re. to Pa.s.m )
for the neonates group as function of
frequency (Hz). Solid gray line and
error bars: average input impedance
and standard deviation of the data
gathered in literature. Blue solid line:
analytical

result.

Numerical results.

Green

crosses:

