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Abstract: The basilar membrane (BM), one of organs of cochlea, has the specific positions of the maximum amplitude
at each of related frequencies. This phenomenon is due to the geometry of BM. In this study, as the part of the research
for the development of fully implantable artificial cochlea which is based on polymer membrane, parametric studies are
performed to suggest the desirable artificial basilar membrane model which can detect wider range of frequency
separation. The vibro-acoustic characteristics of the artificial basilar membrane are predicted through finite element
analysis using commercial software Abaqus. Simulation results are verified by comparing with experimental results.
Various geometric shapes of the BM and residual stress effects on the BM are investigated through the parametric study
to enable a wider detectable frequency separation range.
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Fig. 1 The configuration of BM and schematic of
experiment: (a) the artificial basilar membrane
model composed of a polymer membrane and a
stainless substrate, (b) the layout of the
experimental setup
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Fig. 4 The FE model for simulation: (a) FE model of basilar
membrane for comparison with experiment (b) A
exploded view of FE basilar membrane and air
model
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Table 1 The bandwidth of the frequency separation in
three FE models which are varied their width of
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Table 2 The bandwidth of frequency separation in three
FE models which are varied their width of right

left side side
Width of left Frequency range Bandwidth Width of right | Frequency range Bandwidth
(mm) (Hz) (Hz) (mm) (Hz) (Hz)
3.375 730 ~2770 2040 12.0 460 ~ 1910 1450
2.750 750 ~ 3050 2300 10.6 560 ~ 2400 1840
2.200 760 ~ 3130 2370 9.10 730~ 2770 2040
C
— e e
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Fig. 6 The standard shape of FE model of basilar ?
membrane in parametric study =7
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Table 3 The bandwidth of frequency separation in three
FE models which are varied their widths of left
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Table 4 The bandwidth of frequency separation in two
FE models which are varied their shape of the

and right side slope
Width of | Width of | Frequency range |Bandwidth Frequency range Bandwidth
Sh fsl
left (mm) | right (mm) (Hz) (Hz) ape o slope (Hz) (Hz)
3.375 9.1 730 ~ 2770 2040 Exponential 1650 ~ 5810 4160
2.375 8.1 930 ~ 3510 2580 Trapezoidal 1510 ~ 5310 3800
1.375 7.1 1220 ~ 4340 3120
0.675 6.4 1510 ~ 5310 3800 i a
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Table 5 The changes of the bandwidth of frequency
separation due to the width-directional residual
stress on the FE basilar membrane model. Each
analysis is performed with corresponding the
magnitude of stress

Residual stress | Frequency range Bandwidth
(Pa) (Hz) (Hz)
0x10° 1650 ~ 5810 4160
1x10° 1700 ~ 5850 4150
2x10° 1740 ~ 6230 4490
3x10° 1790 ~ 6260 4470
4x10° 1830 ~ 5950 4120
5% 10° 1870 ~ 6330 4460
6x10° 1910 ~ 6370 4460
7% 10° 1950 ~ 6770 4820
8% 10° 1990 ~ 6800 4810
9% 10° 2030 ~ 6840 4810
10x 10° 2060 ~ 6870 4810
11x10° 2100 ~ 6900 4800
12x10° 2130 ~ 6930 4800
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