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(54) Title: VIBRATOR DAMPING

(57) Abstract: The invention relates to a vibrator of the variable-reluctance type for generating vibrations in a bone anchored hearing
aid, i.e. a hearing aid of the typein which the sound information is mechanically transmitted via the skull bone directly to the inner
ear of a person with impaired hearing. The vibrator comprises in the known way a vibrator plate (4) and a bobbin base (3) with a
vibrator gap (7) therebetween. Said vibrator gap (7) between the vibrator plate (4) and the bobbin base (3), or some other spacing
in the vibrator where a relative movement between two surfaces is generated during the vibratory function, is at least partially filled
with a fluid or gel (6) for providing the main part of the damping of the resonance frequency of the vibrator. Preferably, the fluid
or gel (6) comprises ferro-magnetic particles, a so-called ferro-fluid, in order to keep the fluid in place and increase the magnetic

conductivity in the magnetic circuit.
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A vibrator for generating vibrations in a bone-anchored hearing aid
apparatus.

The present invention relates to a vibrator of the varia-
ble~reluctance type for generating wibrations in a bone
anchored hearing aid, i e a hearing aid of the type in
which the sound information is mechanically transmitted
via the skull bome directly to the inner ear of a person
with impaired hearing. The vibrator can be used for con-
ventional, bone anchcred as well as implantable bopne con—
ducting hearing aids. '

For persons with impaired hearing, the hearing aid devices
which are most commonly used today are those based on the
pripciple that the sound is amplified and fed inte the an—
ditory meatus and stimulates the eardrum from the outside.
In order to prevent acoustic feedback problems im these
devices, the auditory meatus is almost completely plugged
by-a hearing plug or by the hearing aid device itself.
This causes the user a feeling of pressure, discomfart,
and sometimes even eczema. In some cases lt even causes
the user problems like running ears due to chronic ear in-
flammations or infections in the auditory canal.

However, there are other types of sound transmitting hea-
ring aids on the market, i e bone anchored hearing aids
which mechanically transmit the sound information to a
persons inner ear via the skull bone by means of a vibra-
tor. The hearing aid device is connected tc an implanted
titanium screw installed in the bone behind the extermal
ear and the sound is tramsmitted via the skull bomns to the
&oshlea (inner ear), i e the hearing aid works irrespecti-
ve of a disease in the middle ear or not. The bone ancho-
ring principle means that the skin is penetrated which ma-
kes the vibratory transmission very efficier.

This type of hearing aid device has been a revolution for
the rehabilitation of patients with certain types of im-
paired hearing. It is very convenient for the patient and
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almost invisible with normal hair styles. It can easily be
connected to the implanted titamium fixture by means of a
bayonet coupling or a snap in coupling. One example of
this type of hearing aid device is described in US Patent
No. 4,498,461 and it is also referred to the BaHA® bone
anchored hearing aid marketed by Entific Medical Systems
in @dteborg.

Other types of bone conducting héaring ailds are described
in US Patent 4,904,233 and our Swedish patent application
800020719,

A common feature for the hearing aid devices which have
been described zo far is that some type of vibratory gene-
rating means, vibrators, are required. Different types of
vibrators are well krown in the art. There are a number of
known vibrator principles today. In traditional as well as
in bone anchored hearing aid devices it is normally used a
vibrator principle whick was described already by Bell in
1876. There is a detailed description of this principle
applied on a bone anchored, bone conducting hearing aid
device in "Oun Direct Bone Conduction Hearing Devices®,
Technical Report No. 195, Department of Applied Electro-
nice, Chalmers University of Technology, 1556. Other vi-
brators of this type are described in our Swedish patent
applications 0062072-F and 06802073-5.

In order to reduce the risk for acoustic feed back pro-
blems in the hearimg aid it is necessary to damp the reso-
nance frequency of the vibrator. In this context it is re-
ferred to Swedish Patent No. 85.82426-3 in which it is il-
lustrated a vibrator comprising a vibrator plate and a
coil which is wound arcund a bobbin base having a core and
two side walle. It also comprises means for damping the
resonance freguency of the wvibrator inm the form of a
spring provided with & layer of damping material or a bu-
ilt-in demping meterial.
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It has turmed ount that this type of vibrator with a dam-
ping spring not always gives an optimal fonctiomw of the
hearing aid. The damping spring i= a mechanically compli-
cated and exposed part in the hearing aid.

It is an object of the present inventicm to provide a vi-
brator device having a more rugged damping system and ha-
ving only a few mechanically sensitive parts. hccording
to the invention the vibrator comprises at least one gap
or spacing in which a relative movement between two surfa-—
ces is generated durimng the vibratory function and which
gap or spacing at least partially is filled with a fluid
or gel for providing the main part of the damping of the
resonance freguency of the vibrator.

According to a preferred embodiment said fiuid or gel is
arranged im the vibrator gap between the vibrator plate
and the bobbin base.

Accordimg to a further preferred embodiment the fluid com-
prises ferro-magnetic particles, forming a so-called fer-
ro-fluid.

In the following the invention will be described more in
detail with reference to the accompanying drawing which
illustrates a cross-secticnal view of a preferred embodi-
ment of the vibrator.

The figure shows a cross-secticon through the centre axis
of a vibrator 1 of the variable-reluctance type. The vi-
brator comprises a coil 2 which in the known way is wound
around a bobbin base 3 having a core 3a and two side walls
3c, 3d. In the two side walls there are two annular perma-—
nent magnets 8 arranged. The entire coil and magnet ar-—
rangement is housed in a casing 1la which forms a part of
the magnetic circuit and protects the vibrator and reduces
magnetic leakage. The bobbin base and the casing are made
of a material with high magnetic conductivity. The vibra-
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tor further comprises a vibrator plate 4 attachaed to a
spring 5 which spripg im turn is attached to the casing
of the vibrator. In order to damp the resonance Ireguency
of the wvibrator, the gap 7 betweem the vibrater plate &
and the upper part of the bobbin base, in this case the
and surface of the core of the bobbin core 3z, is £filled
with a fiuid or gel 6.

Through its viscosity and capillary properties the fluid 6
has the ability to damp the resonance frequency of the vi-
brator and thereby reduce the risk for acoustic feed back
problems in the hearing aid. In order to kesp the fluid in
place, but alsc in order toc increase the magnetic conduc—
tivity of the magnetic circuit, the fluid is preferably a
so-called ferro-fiuid, which fiwid in additionm te the flu—
id itself {(oil, bydraulic oil) comprises small ferro-mag-
netic particles to make the flrid wagnetic conductive.

If the vibrator 1 is squeezed together and if the surfaces
of the vibrator plate .and the bobbim base which then are
pressed zgainst each other are adapted toe each other, for
instance if the surfaces are plane and smooth, there is a
risk that the ferro-magmetic particles are crashed by the
pressure. Therefore it could be an advantage to provide
the surfaces with certain irregularities so that the fer—
ro-magnetic particles in the fluid could be kransported to
areas wheze they are pot exposed to such pressure. These
irregularities could for imstance be designed ag circular
grooves, holes, cavities, bosses or the like while the
contact surfaces otherwise are plane and smooth.

In the exampte illustrated here the fliuid or gel & is
schematically illustrated in the gap between the vibrator
plate 4 and the bobbin base 3, which gap or spacing is e%—
posed to the magnetic field. It should be understoocd, ho-
wever, that the fluid or gel could be disposed in another
gap or spacing in the vibrator where there is z relative
movement between two surfaces during the vibratory femc—
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tion but without the magnetic field, for imstance on that
part of the vibratcr plate which is faced eway frow the
bobbin base. This location is symbolically illustrated by
reference numeral 5~ im the figure.

As an zlternative the fluid or gel could be disposed in a
gap whera therea is a relative side movement petween two
surfaces when the vibrator is working, for imstance om the
outer edge of the vibrator plate. This is symbolically il-
lustrated by reference numeral 67 im the figure.
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CLATIMS

1. Vibrator of the variable-reluctance type for genmerating
vibraetions in a bone anchorad hearing aid, i e a hearing
aid of the type in which the sound information is mechami~
cally transmitted via the skull bone directly to the inner
ear of a person with impaired hearing and which comprises
a vibrator plate (4) and a bobbin base (3) e h ar ac -
tearized in that the vibrator comprises at least
one gap or spacing in which a relative movement between
two surfaces is generated &uring.the vibratory fumction
and which gap or spacing at least partially is filled with
a fluid or gel (6) for providing the main part of the dam—
ping of the resonance frequency of the vibrator.

2. Vibrator according to claim lcharacterized
i n that sald fluid or gel (6) is arranged in the spacing
between the vibrator plate (4} and cther parts of the vi-
brator.

3. Vibrator according toclaim2characterized
i n that said fluid or gel {(6) is arranged in the vibra-
tor gap (7) between the vibrator plate (4} apd the bobbin
base {3).

4. Vibrator accﬁrﬁing toelaim2characterized
i n that seid Ffluld or gel (6) is arranged in the spacing
between the vibrator plate (4) and tha casipg (la) of the
vibrator.

5. Vibrator according toclaimécharacterized
i n that said fluid or gel {6) is arranged in the gap
between the outer edge {§a} of the vibrator plate and the
casing (la), in which gep there is 2 relative side move-
ment between the vibrator plakte (4} and the casing (&}
when the vibrator isg working.
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6. Vibrator according toclzim leharacterized
i n that said fluid or gel (6) comprises ferro-magnetic
particles, forming a so-called ferro-fluid.

7. Vibrator according toclaim 6 characterize ek
i n +hat the contact surfaces of the vibrator gap (7} are
provided with cavities, holes or the like where the fsrro-—
fluid particles can be collected when the contact surfaces
are squeszed together in the wibrator gap.
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