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Characterization of Frequency Separation in Polymer Membranes
Mimicking a Human Auditory System
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Abstract The basilar membrane, an important functional part of the cochlea, is responsible for spectral separation
of vibration signals transmitted from the stapes. In current study, scaled-up polymer membranes designed by
mimicking the human basilar membrane were used for investigation of the frequency-separation characteristic.
Displacement field formed on each polymer membrane was acquired by Laser Doppler scanning vibrometer and
post-processed frequency-wise. The locations of the maximum displacement along the centerline were identified
and collected for individual frequency range to produce the frequency-position map of individual polymer
membrane. The influences of the membrane thickness and material properties on the variation of the frequency
separability were discussed.

Keywords: Cochlea, Basilar Membrane, Polymer Membrane, Laser Doppler Scanning Vibrometer, Frequency-
Position Map
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Fig. 1 Basilar membrane in a stretched cochlea
(modified  from  http://147.162.36.50/cochlea/
cochleapages/overview/history.htm)
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Table 1 Polymer membrane samples used in current
experiment (PET: polyethylene terephthalate,
PU:  polyurethane, PP: polypropylene, PE:
polyethylene, PI: polyimide)

Thickness Elastic
Sample index Material (um) modulus
H (GPa)
macro_01L PET 100 7.0
macro_02L PET 75 7.0
macro_03L PET 50 7.0
macro_04L PU 100 0.006
macro_05L PE 30 0.15
macro_06L PP 30 13
macro_07L PI 10 2.5
Apex
Base i
........ x.distancefromthebase. ...,
x=0 7 -
x=L

scaled-up

configuration of a
polymer membrane mimicking the human
basilar membrane (upper) and half-section
drawing of a mechanical cochlea implementing
the polymer membrane (lower)

Fig. 2 Geometric
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Fig. 3 Layout of the experimental setup for
measuring the vibration of polymer membranes
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Fig. 4 Displacement envelop developed along the centerline of a polymer membrane (material: PET, thickness:
100um) stimulated by unit sound pressure of: (a) 800 Hz, (b) 1000 Hz, (c) 2000 Hz and (d) 3000 Hz
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Fig. 5 Frequency-position maps of the polymer membranes extracted along the centerline
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