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(57) Abrégée/Abstract:
A vehicle audio device Includes a vibrator (30), a first threaded member (20), a second threaded member (32), and a ring-shaped
resilient member (25). The first threaded member (20) includes a tubular portion (22), an external thread (22m) formed on an outer
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(57) Abrege(suite)/Abstract(continued):
surface of the tubular portion (22), and a flange (24) formed on one end of the tubular portion (22). The resilient member (25) Is

fitted around the tubular portion (22) of the first threaded member (20) so as to axially oppose the flange (24) of the first threaded
member (20). The second threaded member (32) includes a ring-shaped portion (32f) axially opposing the resilient member (25)
from the side of the resilient member (25) not opposing the flange (24) of the first threaded member (20). Internal threads (32w) are
formed on an Inner surface of the ring-shaped portion (32f) and are engageable with the external threads (22m) of the first
threaded member (20). The vibrator (30) iIs mounted to one of the first and second threaded members (20, 32). The other of the
first and second threaded members (20, 32) Is mounted to a vehicle interior trim panel (12). The resilient member (25) Is clamped
and resiliently deformed between the flange (24) of the first threaded member (20) and the ring-shaped portion (32f) of the second
threaded member (32) through engagement between the external threads (22m) and the internal threads (32w).
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(57) Abstract: A vehicle audio device includes a vibrator (30), a first threaded member (20), a second threaded member (32), and a

PN ring-shaped resilient member (25). The first threaded member (20) includes a tubular portion (22), an external thread (22m) formed
on an outer surface of the tubular portion (22), and a flange (24) formed on one end of the tubular portion (22). The resilient member
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v={ (25) is fitted around the tubular portion (22) of the first threaded member (20) so as to axially oppose the flange (24) of the first
R threaded member (20). The second threaded member (32) includes a ring-shaped portion (32f) axially opposing the resilient member
& (25) from the side of the resilient member (25) not opposing the flange (24) of the first threaded member (20). Internal threads (32w)
& are formed on an inner surface of the ring-shaped portion (32f) and are engageable with the external threads (22m) of the first threaded
N member (20). The vibrator (30) is mounted to one of the first and second threaded members (20, 32). The other of the first and second
threaded members (20, 32) is mounted to a vehicle interior trim panel (12). The resilient member (25) is clamped and resiliently
deformed between the flange (24) of the first threaded member (20) and the ring-shaped portion (32f) of the second threaded member
(32) through engagement between the external threads (22m) and the internal threads (32w).
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SPECIFICATION

AUDIO DEVICES FOR VEHICLES

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to audio devices for vehicles and in particular to audio
devices including vibrators that are mounted to interior trim panels of vehicles, which interior
trim panels at least partially define the vehicle cabins, so that sound i1s produced due to
vibrations applied to the interior trim panels by the vibrators.

Description of the Related Art

A known vehicle audio device of a type described above 1s disclosed in PCT
International Publication WO/01/15489 as electromagnetic transducer assemblies 1n the form of
sub-assembled drive motors. One of the sub-assembled drive motors 1s shown 1n FIGS. 5(A)
and 5(B) and 1s labeled with reference numeral 90. The drive motor 90 generally includes a
motor base 96 and a vibrator 92 coupled to the motor base 96. The motor base 96 is secured to
a headliner 94 defining a surface of a vehicle cabin. A steel cap and a magnet configure the
vibrator 92. The motor base 96 includes a tubular portion 96t and a flange 96f. The tubular
portion 96t has an outer peripheral surface with external threads 96m. The flange 96f extends
outward from the base end of the motor base 96. The motor base 96 is secured to the headliner
94 via the flange 96f.

The vibrator 92 further includes a ring-shaped guide member 93 disposed at a lower end
of the vibrator 92. The guide member 93 has an inner peripheral surface with internal threads
93w. The vibrator 92 may therefore be mounted to the head liner 94 by engaging the internal
threads 93w of the guide member 93 with the external threads 96m of the motor base 96 and
thereafter tightening the internal threads 93w until the guide member 93 contacts the flange 96f

of the motor base 96.



CA 02555443 2006-08-04
WO 2005/102780 PCT/JP2005/007583

However, using this mounting structure of the vibrator 92 to the headliner 94 through
the tightening of the internal threads 93w against the external threads 96m makes it likely that

the tightened condition cannot be maintained due to potential loosening of the threaded
connection during a long period of use. In particular, if the mount base 96 or the guide member
93 is made of resin, such loosening may easily occur when the temperature varies within the
vehicle cabin, since the resin material typically has a large linear coefficient of thermal
expansion. When loosening occurs, a clearance may be produced between the external threads
06m and the internal threads 93w, causing insufficient transmission of the audio vibration

produced by a voice coil 92b of the vibrator 92. Consequently, the desired sound may not be

effectively produced.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to teach improved audio devices that
can effectively produce sound without experiencing the potential loosening of a threaded
mechanism coupling a vibrator or resonator to an interior trim panel.

In one aspect of the present teachings, audio devices are taught that are adapted to be
mounted to an interior trim panel defining a surface of a vehicle cabin. The audio devices are
adapted to vibrate the interior trim panel in order to produce audio sounds. The audio devices
include a vibrator, a first threaded member, a ring-shaped resilient member, and a second
threaded member. The first threaded member includes a tubular portion, an external thread
formed on an outer surface of the tubular portion, and a flange formed on one end of the tubular
portion. The ring-shaped resilient member is fitted around the tubular portion of the first
threaded member and axially opposes the flange of the first threaded member. Here, the term
“ring-shaped” is used to mean a complete circular ring or a partial circular ring, such as a C-
shaped ring, which may include a cut portion along the circumference. The second threaded
member includes a ring-shaped portion axially opposing the resilient member from a side
surface not opposing the flange of the first threaded member. The second threaded member
also includes internal threads formed on an inner surface of the ring-shaped portion and
engageable with the external thread of the first threaded member. The vibrator is mounted to

one of the first and second threaded members. The other of the first and second threaded
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members is mounted to the interior trim panel. The resilient member is clamped and resiliently
deformed between the flange of the first threaded member and the ring-shaped portion of the
second threaded member through engagement between the external threads of the first threaded
member and the internal threads of the second threaded member.

With this arrangement in a mounted state, the resilient member is clamped and
resiliently deformed between the flange of the first threaded member and the ring-shaped
portion of the second threaded member. Therefore, due to the restoring force of the resilient
member, the external threads of the first threaded portion and the internal threads of the second
threaded portion may be forced axially in opposing directions. Consequently, the external
threads and the internal threads may closely contact with each other within the engaging region.
For at least this reason, any potential clearance or axial displacement may be reliably prevented
or inhibited between the first threaded member and the second threaded member within the
engaging region of the external threads and the internal threads. Any potential loosening of the
engagement between the external threads of the first threaded member and the internal threads
of the second threaded member may be eliminated or inhibited even if the vibrations of the
vehicle body have been continuously transmitted to the vibrator or the interior trim panel, or
even if a difference between the axial length of the external threads and the axial length of the
internal threads is caused due to a difference in the linear coefficients of thermal expansion ot
the materials used in the audio device. As a result, the audio device may effectively produce
the desired sounds via the vibrations of the vibrator.

In one embodiment of the present teachings, the first threaded member 1s made of resin
and is fixedly mounted to the interior trim panel. In addition, the second threaded member 1s
also made of resin and fixedly supports the vibrator in a direction perpendicular to the axis.
The second threaded member movably supports the vibrator in an axial direction.

Since the first and second threaded portions are made of resin, the overall audio device
may have a relatively light-weight construction. Therefore, the loading with respect to the
weight applied to a voice coil of the vibrator may be reduced. As a result, any problematic
reductions of the sound pressure produced by the audio device may be avoided or minimized.

In another embodiment of the present teachings, the resilient member has a modulus of
elasticity in the range of about 0.05 MPa to 5 MPa. Setting of the modulus to be equal to or
more than 0.05 MPa may prevent the vibrations of the vibrator from being absorbed by the
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resilient member so that a sufficient sound pressure may be obtained. In addition, the setting of
the modulus to be equal to or less than 5 MPa may effectively absorb any potential difference
between the axial length of the external threads and the axial length of the internal threads
caused by a difference in the linear coefficients of thermal expansion.

In a further embodiment of the present teachings, the audio device further includes a
stopper device disposed between the flange of the first threaded member and the ring-shaped
portion of the second threaded member. The stopper device serves to limit the resilient
deformation (i.e., compression) of the resilient member to a predetermined amount.

Therefore, during the operations of engaging the external threads of the first threaded
" member and the internal threads of the second threaded member, and tightening the external
threads against the internal threads, the operator can recognize that the resilient member has
been compressed by a predetermined amount when there is a perceptible increase in the
reaction force opposing the tightening torque (in addition to the expected increase in the
reaction force resulting primarily from the compression of the resilient member). Consequently,

the assembly operation of the audio device can be easily performed.

In a still further embodiment of the present teachings, the vibrator includes an outer
yoke forming a magnetic circuit of the vibrator. The outer yoke is connected to the second
threaded member via a plurality of dampers made of other resilient members, for example, leaf
springs. The dampers may be disposed along the circumference of the first threaded member
and may be connected between the circumference of the first threaded member and the
circumference of the outer yoke or the vibrator.

In another aspect of the present teachings, audio deviées are taught that are adapted to
be mounted to an interior trim panel defining a portion of the vehicle cabin. Audio devices are
taught that vibrate the interior trim panel in order to produce audio sounds. The audio device
includes a vibrator, a first threaded member, a second threaded member, and a biasing device.
The first threaded member may support the vibrator. The second threaded member 1s
engageable with the first threaded member and may be mounted to the interior trim panel. The
biasing device is interposed between the first threaded member and the second threaded
member in order to apply an axial force between the first threaded member and the second
threaded member. The axial force functions so as to press the first threaded member against the

second threaded member in an axial direction when the first threaded member is threadably
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engaged with the second threaded member. For example, the biasing device may be a resilient
member such as a rubber.

In one embodiment, the first threaded member includes first threads and a first surface
extending substantially perpendicular to the axis. The second threaded member is disposed
coaxially with the first threaded member and includes second threads engageable with the first
threads and a second surface extending substantially perpendicular to the axis and axially
opposing the first surface. The resilient member may be clamped and compressed between the
first surface and the second surface. 2

For example, a flange formed on the first threaded member may define the first surface.
A ring-shaped portion formed on the second threaded member may define the second surface.
The resilient member may have a ring-shaped configuration and may be disposed coaxially
with the first threaded member and the second threaded member.

One of the first and second threads may be external threads. The other of the first and
second threads may be internal threads. |

The first threaded member may be made of resin and may be integrally molded with the
first threads and the first surface. The second threaded member may also be made of resin and

may be integrally molded with the second threads and the second surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a vehicle audio device according to a representative
embodiment of the present invention; and

FIG. 2 is a vertical sectional view of the audio device; and

FIG. 3 is an enlarged view of a region indicated by the arrow III in FIG. 2; and

FIG. 4 is a view similar to FIG. 3 but showing an alternative embodiment; and

FIG. 5(A) is a vertical sectional view of a conventional vehicle audio device; and

FIG. 5(B) is an enlarged view of a region indicated by the arrow B 1n FIG. 5(A).

DETAILED DESCRIPTION OF THE INVENTION

Each of the additional features and teachings disclosed above and below may be utilized
separately or in conjunction with other features and teachings to provide improved vehicle

audio devices and methods of manufacturing such audio devices. Representative examples of
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the present invention, which examples utilize many of these additional features and teachings
both separately and in conjunction with one another, Will now be described in detail with
reference to the attached drawings. This detailed description is merely intended to teach a
person of skill in the art further details for practicing preferred aspects of the present teachings
and is not intended to limit the scope of the invention. Only the claims define the scope of the
claimed invention. Therefore, combinations of features and steps disclosed in the following
detailed description may not be necessary to practice the invention in the broadest sense, and
are instead taught merely to particularly describe representative examples of the invention.
Moreover, various features of the representative examples and the dependent claims may be
combined in ways that are not specifically enumerated in order to provide additional useful
embodiments of the present teachings. -

A representative embodiment of the present invention will now be described with
reference to FIGS. 1 to 4. Referring to FIGS. 1 and 2, a representative vehicle audio device 10
generally includes an interior trim panel 12 defining a portion of a vehicle cabin (not shown), a
bracket 20 fixedly mounted to the interior trim panel 12, and a vibrator 30 (1.e., resonator)

coupled to the bracket 20.
As shown in FIGS. 2, 3, and 4, the interior trim panel 12 may include a base layer 12m,

a fibrous layer 12f overlaid on the back surface of the base layer 12m, and a surface layer 12k
overlaid on the front surface of the base layer 12m. The bracket may be bonded to the fibrous
layer 12f of the interior trim panel 12 via adhesive 14.

The bracket 20 may be made of resin and includes a tubular portion 22 and a disk-
shaped flange 24. External threads 22m are formed on the outer peripheral surface of the
tubular portion 22. The flange 24 is joined to the base end (i.e., the lower end as viewed i FIG.
2) of the tubular portion 22. In this representative embodiment, the back surface of the flange
24. on the side surface opposite of the tubular portion 22, is bonded to the fibrous layer 12f of
the interior trim panel 12 via adhesive 14.

The vibrator 30 includes a ring-shaped holder 32 that is made of resin. Internal threads
32w are formed on an inner circumferential surface of the holder 32 so that the external thread
portion 22m of the bracket 20 can engage the internal threads 32w. A ring-shaped flat surface
32f is defined at the terminal end (i.e., the lower end as viewed in FIGS. 2 and 3) of the holder
32 and extends about the internal threads 32w (i.e., beyond the radius defined by the internal
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threads 32w). In the configuration where the external threads 22m of the bracket 20 engage the
internal threads 32w of the holder 32, the ring-shaped flat surface 32f of the holder 32 directly
opposes the flange 24 of the bracket 20. In this representative embodiment, the outer diameter
of the ring-shaped flat surface 32f is set to be equal to or substantially equal to the outer
diameter of the flange 24 of the bracket 20.

A voice coil bobbin 34 is fixed to a base end (i.e., the upper end as viewed in FIG. 2) of
the holder 32 and is positioned coaxially with the internal threads 32w. A voice coil 35 1s
wound around tﬁe voice coil bobbin 34. In addition, as shown in FIGS. 1 and 2, an outer yoke
39, which constitutes a magnetic circuit, is mounted to the outer circumferential edge of the
base end of the holder 32 via dampers 36, made of spring plate material for example.

Each damper 36 has a substantially arc-shaped band-type of configuration in plan view
and is adapted to mount the outer yoke 39 to the holder 32. The mounting is such that the outer
yoke 39 is permitted to shift or move relative to the holder 32 in an axial direction. One
circumferential end of each damper 36 is secured to the outer circumferential edge of the base
end of the holder 32, for example, by means of a screw 36b. The other circumferential end of
each damper 36 is fixed to the outer circumferential edge of the outer yoke 38 by a suitable
means, such as welding. The dampers 36 are held to extend substantially parallel to the ring-
shaped flat surface 32f of the holder 32. In this representative embodiment, four dampers 36
are provided and are arranged at regular intervals along the circumferential direction of the
holder 32. However, the invention is not limited to four dampers 36, one, two, three, and five
or more dampers 36 may be provided.

The outer yoke 39 has a cup-shaped configuration and includes a cylindrical tubular
portion 39¢ and a disk-shaped top portion 39t. The cylindrical tubular portion 39¢ 1s held so as
to be coaxial with the voice coil 35. The outer yoke 39 covers the voice coil 35 but does not
contact the voice coil 35. To create this configuration, a circumferential end of each damper 36
is secured to the end surface of the cylindrical tubular portion 39e.

A disk-shaped magnet 37 is secured to the central portion of the inner wall of the disk-
like top plate 39t of the outer yoke 39 and is positioned coaxially with the outer yoke 39. An
inner yoke 38, having a disk-shaped configuration similar to the magnet 37, 1s secured to an
end surface of the magnet 37 (i.e., the lower end surface as viewed in FIG. 2) and 1s positioned

coaxially with the magnet 37. In this representative embodiment, the outer diameter of the
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magnet 37 and the outer diameter of the inner yoke 38 are set to be substantially equal to each
other. In addition, the magnet 37 and the inner yoke 38 are positioned within the outer yoke 39
so as to not contact the voice coil bobbin 34. With this arrangement, the voice coil bobbin 34
and the voice coil 35 are positioned between the cylindrical tubular portion 39e of i:he outer
yoke 39, and an assembly of the magnet 37 and the inner yoke 38, with respect to the

diametrical direction. The voice coil bobbin 34 and the voice coil 35 are positioned so as to not

contact these elements.

A ring-shaped resilient member 25 is interleaved between the holder 32 of the vibrator
30 and the flange 24 of the bracket 20. The resilient member 25 is positioned about the tubular
portion 22 of the bracket 20. In this representative embodiment, the outer diameter of the
resilient member 25 is set to be substantially equal to the outer diameter of the flange 24 of the
bracket 20. In addition, the inner diameter of the resilient member 235 is set to be substantially
equal to the outer diameter of the tubular portion 22 (i.e., the outer diameter of the external
threads). Further, the resilient member 25 has a predetermined substantially uniform thickness.

The operation of the above representative embodiment will be described in connection
with the process of mounting the vibrator 30 to the interior trim panel 12. First, the ring-shaped
resilient member 25 is fitted onto the tubular portion 22 of the bracket 20. The bracket 20 may
have been previously secured to the interior trim panel 12. The internal threads 32w of the
holder 32 of the vibrator 30 are then threadably engaged with the external threads 22m of the
tubular portion 22 of the bracket 20. Thereafter, with the internal threads 32w engaged with the
external threads 22m, the holder 32 is rotated relative to the tubular portion 22 until the resilient
member 25 is compressed. The resilient member 25 is resiliently deformed by a predetermined
amount after clamping the resilient member 25 between the ring-shaped flat surface 32f and the
flange 24 of the bracket 20. Consequently, the mounting operation of the vibrator 30 to the
interior trim panel 12 may be completed when the internal threads 32w of the holder 32 have
been threadably engaged with the external threads 22m of the bracket 20 substantially along the
entire length of the external threads 22m in an axial direction.

In this configuration with the vibrator 30 thus mounted to the interior trim panel 12, the
vibrator 30 may vibrate when an electric current signal is inputted to the voice coil 35. The
vibration may then be transmitted from the vibrator 30 to the interior trim panel 12 via the

holder 32 of the vibrator 30 and the bracket 20. Consequently, sound may be produced.
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As previously described, the resilient member 25 is clamped between the holder 32 of

the vibrator 30 and the flange 24 of the bracket 20 so as to be resiliently deformed or
compressed. Therefore, the internal threads 32w of the holder 32 may be axially pressed

against the external threads 22m of the bracket 20 in opposing directions (e.g., as indicated by
arrows in FIG. 3) due to the restoring force of the resilient member 25. In other words, the
internal threads 32w may closely contact with the external threads 22m within the engaging
region. As a result, the vibrations of the vibrator 30 may be reliably transmitted to the interior
trim panel 12 via the internal threads 32w of the holder 32 and the external threads 22m of the
bracket 20.

In addition, because the internal threads 32w of the holder 32 may contact within the
engaging region with the external threads 22m of the bracket 20 while they are pressed axially
against each other, the internal threads 32w and the external threads 22m may not allow any
significant displacement relative to an axial direction within the threaded engaging region.
Therefore, the engagement between the internal threads 32w and the external threads 22m may
not be loosened even if potential external vibrations or impacts have been continuously applied
via the vehicle body to the vibrator 30 or the interior trim panel 12. The engagement may also
not be loosened even if the length of the external threads 22m becomes different than the length
of the internal threads 32w due to differences in their linear coefficients of thermal expansion.
Further, the resilient member 25 may serve to prevent potential damage to the internal threads
32w and the external threads 22m. The resilient member 25 may prevent potential damage that
may otherwise be caused if the internal threads 32w and the external threads 22m have been
excessively tightened or over tightened.

Preferably, the modulus of elasticity of the resilient member 25 may be chosen from a
value included in the range of about 0.05 MPa to 5 MPa. If the modulus 1s smaller than 0.05
MPa, the resilient member 25 may prevent the obtaining of a sufficient sound pressure due to
of absorption of vibrations by the résilient member 25. On the contrary, if the modulus is
greater than 5 MPa, the resilient member 25 may not effectively absorb a difference in the axial
lengths between the external threads 22m and the internal threads 32w due to different linear
coefficients of thermal expansion.

Preferably, the resilient member 25 may be made of rubber. Using a rubber resilient

member 25 increases the frictional coefficient between the contact surfaces of the resilient
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member 25 and the holder 32 and the frictional coefficient between the contact surfaces of the
resilient member 25 and the bracket 20. The increases in the frictional coefficients may help to
prevent the loosening of the engagement between the external threads 22m and the internal
threads 32w. More preferably, the resilient member 25 may be made of a silicon rubber
material having a small permanent compression stress or may be made of silicon rubber foam
providing a relatively small modulus of elasticity, such as approximately 0.8 MPa.

Further, in the representative embodiment the holder 32 of the vibrator 30 and the
bracket 20 are made of resin. Therefore, the overall audio device may have a relatively
lichtweight construction. In addition, the weight load applied to the voice coil 35 may be
reduced and consequently prevent a potential reduction of the sound pressure generated by the
audio device.

Furthermore, in an alternative embodiment as shown in FIG. 4, a projection 32z (1.e., a
stopper device) may be formed on the outer circumferential edge of the ring-shaped flat surface
32f of the holder 32 of the vibrator 30. With this arrangement, it 1s possible to prevent the
distance between the flange 24 of the bracket 20 and the ring-shaped flat surface 32f of the
holder 32 of the vibrator 30 from being reduced so as to be smaller than a predetermined or
desired distance (i.e., the compression of the resilient member 25 i1s limited by the projection
32z). Therefore, during the operation of engaging the internal threads 32w of the holder 32 of
the vibrator 30 and the external threads 22m of the bracket 20 and tightening the internal
threads 32w against the external threads 22m, the operator can recognize, without needing to
exactly control the tightening torque, that the resilient member 25 has been compressed by a
predetermined amount. The operator is able to recognize this point when the reaction force (1.e.,
opposing the tightening force) has been significantly increased above the expected increase in
the reaction force due primarily to the compression of the resilient member 25 during the
tichtening operation. As a result, this characteristic of the projection 32z or other
configurations of spacers or stoppers may facilitate the assembly operation of the vibrator 30.

Further, although the internal threads 32w are formed on the holder 32 of the vibrator
30 and the external threads 22m are formed on the tubular member 22 of the bracket 20 in the
above representative embodiment, this arrangement may be inverted.

In addition, although the projection 32z in the form of a cylindrical ring projection 1s

formed on the holder 32 of the vibrator 30, the projection 32z or other configurations of

10
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stoppers or spacers may be formed on the flange 24 of the bracket 20 as an alternative
arrangement. The projection 32z may be formed on the flange 24 in addition to the projection

32z formed on the holder 32 of the vibrator 30 or as an alternative to the projection 32z formed

on the holder 32 of the vibrator 30.

11
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CLAIMS

1. Aﬁ audio device adapted to be mounted to an interior trim panel defining a portion of a
vehicle cabin and adapted to vibrate the interior trim panel in order to produce audio sounds,
comprising:

a vibrator;

a first threaded member including a tubular portion, external threads formed on an outer
surface of the tubular portion, and a flange formed on one end of the tubular portion; and

a ring-shaped resilient member arranged and constructed to be fitted around the tubular
portion of the first threaded member and fitted to axially oppose the flange of the first threaded
member; and

a second threaded member including a ring-shaped portion arranged and constructed to
axially oppose the resilient member from the side of the resilient member not opposing the
flange of the first threaded member, and internal threads formed on an inner surface of the ring-
shaped portion and engageable with the external threads of the first threaded member;

wherein the vibrator is mounted to one of the first and second threaded members;

wherein the other of the first and second threaded members is mounted to the interior
trim panel;

wherein the resilient member 1s clamped and resiliently deformed between the flange of
the first threaded member and the ring-shaped portion of the second threaded member through

engagement between the external threads of the first threaded member and the internal threads

of the second threaded member.

2. The audio device as in claim 1,

wherein the first threaded member is made of resin and 1s fixedly mounted to the
interior trim panel; and
wherein the second threaded member is made of resin and movably supports the

vibrator in an axial direction.

3. The audio device as in claim 1 or 2, wherein the resilient member has a modulus of

elasticity of 0.05 MPa to 5 MPa.

12
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4. The audio device as in any one of the preceding claims,
further comprising a stopper device disposed between the flange of the first threaded
member and the ring-shaped portion of the second threaded member,

wherein the stopper device is arranged and constructed to limit the resilient deformation

of resilient member.

5. The audio device as in any one of claims 2 to 4,

wherein the vibrator includes an outer yoke forming a magnetic circuit of the vibrator,

and

wherein the outer yoke is connected to the second threaded member via a plurality of

dampers made of leaf springs.

6. An audio device adapted to be mounted to an interior trim panel defining a vehicle
cabin and to vibrate the interior trim panel so as to produce audio sounds, comprising:

a vibrator;

a first threaded member arranged and constructed to support the vibrator;

a second threaded member engageable with the first threaded member and arranged and

constructed to be mounted to the interior trim panel;

a biasing device interposed between the first threaded member and the second threaded
member in order to apply an axial force between the first threaded member and the second
threaded member so as to press the first threaded member against the second threaded member

in the axial direction when the first threaded member and the second threaded member are 1n an

assembled configuration.

7. The audio device as in claim 6, wherein the biasing device comprises a resilient

member adapted to be axially resiliently compressed between the first threaded member and the

second threaded member.

8. The audio device as in claim 7, wherein the resilient member has a modulus of elasticity

between 0.05 MPa and 5 MPa.

13
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9. The audio device as in claim 7 or 8, wherein the resilient member comprises a rubber
material.
10.  The audio device as in any one of claims 7 to 9,

wherein the first threaded member comprises first threads and a first surface extending

substantially perpendicular to the axial direction;

wherein the second threaded member is disposed co-axially with the first threaded
member and comprises second threads engageable with the first threads and a second surface

extending substantially perpendicular to the axial direction and axially opposing the first

surface,

wherein the resilient member is clamped and compressed between the first surface and

the second surface.

11. The audio device as in claim 10, wherein the resilient member has a ring-shaped

configuration and is disposed co-axially with the first threaded member and the second

threaded member.

12. The audio device as in claim 10 or 11, wherein one of the first and second threads are

external threads and the other of the first and second threads are internal threads.

13. The audio device as in claim 12,

wherein the first threaded member 1s made of resin and integrally molded with the first

threads and the first surface, and

wherein the second threaded member is made of resin and integrally molded with the

second threads and the second surface.

14.  The audio device as in any one of claims 7 to 13 further comprising a stopper device

arranged and constructed to limit the amount of compression of the resilient member to a

predetermined amount.
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15. The audio device as in claim 14, wherein the stopper device comprises a projection

formed on one of the first and second surfaces and extends toward the other of the first and

second surfaces.

16.  The audio device as in any one of claims 6 to 15,

further comprising a mount device for mounting the vibrator to the first threaded

member,

wherein the mount device comprises a plurality of dampers disposed along the

circumference of the first threaded member and connected between the circumference of the

first threaded member and the circumference of the vibrator.

15
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