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NOISE CONTROL FOR A BETTER ENVIRONMENT

Revised mount structure to reduce the structure-bone noise in
bone-conduction earphone
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ABSTRACT

Bone-conduction earphone was used to transfer sound information by exciting the
temporal bone in human using uniaxial exciter. Most of bone-conduction device was
implemented on a glass structure and sound leakage can be found at attached
position due to insufficient anti-vibration mount module supporting the uniaxial
exciter. In this paper, negative stiffness concept was used in mount module to
minimize the structure-bone leakage sound in glass structure by change the location
of uniaxial exciter. The model of bone-conductor was built including the uniaxial
exciter and the proper location of mount module as well as the required dynamic
stiffness were determined from the simplified model. Test setup regarding the
mounted uniaxial exciter was prepared and the performance of proposed mount
module was evaluated from the response data, transmissibility and sound pressure.
Keywords: Mount module, Negative stiffness, Leakage sound, Vibration transmissibility,
Bone-conduction earphone
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1. INTRODUCTION

Bone-conduction technique!"® was frequently used in a sports industry as one of
wearable hearing device to provide sound information to humans indirectly by vibrating
temporal bone in human with uniaxial exciter. Wearing person with bone-conduction
device can recognize selective sounds from the responsible device, such as music, and it
is possible to perceive environmental conditions with ear simultaneously. In addition, the
bone-conduction device can help the handicapped persons in hearing parts by vibrating
temporal bone in human.

The uniaxial exciter is one of main mechanical component to generate excitation
into human bone and conventional products have been developed to implement it on the
leg of glass structure. The excitation to the human bone direction should be sufficient
enough to carry wanted sound information and the excitation spectrum should be evenly
contributed through all frequency range of interest. However, the excitation also
contributed on the structural-bone noise in glass structure since the uniaxial exciter
transmits same vibration energy into supporting basement as reaction motion. The
unexpected structure-bone noise plays critical role at the generation of annoying sound
for persons nearby and it may be impossible to use it in quiet place like library. One of
countermeasures is to apply sufficient mount module to isolate any vibration from exciter
into basement floor®-® and the attached location of uniaxial exciter at the lag of glass is
corresponding to the basement floor.

The passive mount module was widely used in mechanical industry because both
the installation and maintenance cost are cheap and reliable vibration isolation
performance can be obtained by proper design of mount module over the vibration
sources. The mount module can be classified into two mechanical components, spring
and damper, and mass-block is also used to control the transmissibility in a vibration
path®-®_ The design requirement of mount module over the vibrating system of interest
can be derived from the theoretical model including supporting mount module. The
mount module can be modelled with equivalent spring and damper components and the
vibration transmissibility can be expected according to the selected value of mount
parameters in all frequency range. In application to the bone-conduction device, the
location of damper and spring component was based on the location of uniaxial exciter
and leaf-type spring and rubber-type connecter were assigned as spring and damper
components, respectively. In particular, a positive offset of exciter was applied for the
bone-conduction device so that additional stiffness can be derived in the direction of a
temporal bone and partial negative stiffness can be expected in an opposite direction. So
the leakage sound into the basement floor (or glass leg structure) can be minimized from
the revised mount module structure.

The prototype of bone-conduction structure was prepared to conduct the vibration
test under applying for the revised mount module design concept and response data,
acceleration as radiated sound, was measured under the white noise input at the uniaxial
exciter. Pre-pressure was assigned during the measurement process by attaching small
mass and its weight force was the same direction of excitation at the mass-centre of exciter.
Transmissibility was calculated from accelerations in both excitation position and glass-
leg position and leakage sound was calculated at 50cm distance from the bone-conduction
device. Experimental result reveals that the transmissibility can be obtained less than 0.2
at all frequency range and leakage sound can be controlled by less than 72(dB).

2. CONCLUSIONS
Revised mount module design concept was suggested by assigning some offset at
the uniaxial exciter to provide partially negative stiffness effect at the mount location and



efficient location of mount module components, both leaf-type spring and rubber-
connecter, was determined using the simplified system model. Experimental result show
that the proposed mount module structure was efficient to control the leakage sound at
the glass-leg position by the measurement of acceleration transmissibility and radiated
sound.
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