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DESCRIPTION

SPEAKER AND SPEAKER HOUSING

Technical Field

[0001]

The present invention relates to a double-waltatctire speaker and a speaker
housing that is applied to the speaker.

[0002]

Usually, a speaker is provided with a speaker thait emits sound waves in a
forward direction (hereinafter, referred to as ffard waves”) by causing air to vibrate
depending on an electrical signal that is inputi amousing that supports the speaker
unit. The housing is provided in order to prevemind waves which are unnecessary
sound waves of the opposite phase to the aboveionedtforward waves, and which are
emitted to a rear section of the speaker unit (hafer, referred to as “rearward waves”),
from interfering with forward waves, and is mad®ia shape in which a space at the
rear section of the speaker unit is shielded.

[0003]

However, there are cases in which the space ausirtg inner side vibrates due
to pressure fluctuations caused by rearward waveshvare emitted from the rear
section of the speaker unit, and the wall surfad¢ése housing vibrate as a result of the
vibrations of the above-mentioned space becomirthduexcited. Further, sound
waves propagate to an outer part of the housiragrasult of air in the outer part of the
housing vibrating due to the wall surfaces of thading vibrating. If this kind of

propagation of sound waves through the housingsre problem in which the sound
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waves which are emitted from the housing to thewopart, interfere with forward waves
which are emitted to a front section of the speaiket; occurs.

[0004]

As a method that solves this problem, a methodlithés the vibration of the
wall surface of the housing by making a wall pdrthe housing extremely thick, thereby
improving the rigidity thereof, could be consideredHowever, in this method, there is a
separate problem in that the weight of the housngcreased significantly.

[0005]

In such an instance, speakers in which the pramagaf sound waves through
the housing is limited by providing a vacuum aintigpace, which limits the propagation
of vibrations, between an inner wall part and ateowall part of the housing, which is
set as a double-walled structure, were suggestedlis 1 and 2. In these speakers, it
is possible to limit the propagation of sound watlgeugh the housing without

significantly increasing the weight of the housing.
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[0007]

In a double-walled structure housing, there igiaiight space between an inner
wall part and an outer wall part. Therefore, passible to limit circumstances in
which vibrations, which are perpendicular to theenwall part, and are excited by
rearward waves, propagate to the outer wall paouthh the airtight space.

However, in a double-walled structure housingrahare circumstances in which
vibrations, which propagate to the outer wall pathout passing through the airtight
space, are generated. More specifically, vibrationwhich vibrations of the inner wall
part, which are excited by rearward waves, progafyatm the inner wall part to the outer
wall part through connection portions between tireer wall part and the outer wall part
(hereinafter, referred to as “wraparound vibratipnand vibrations in which vibrations
of the inner wall part, which are excited by reamvaaves, propagate to the housing
directly from the speaker unit through contact jomg between the speaker unit and the
housing (hereinafter, referred to as “direct vilas”), are generated, and the outer wall
part vibrates as a result of these vibrations.

[0008]

In this manner, it is difficult to sufficientlyrhit vibration of the outer wall part
by solely setting the housing to have a doubleedaditructure. Therefore, in a
double-walled structure housing, it is necessatynia vibrations that propagate along
the wall surfaces of the inner wall part and theeowall part.

Additionally, in vibrations that are transmitteldreg the wall surfaces of the
inner wall part and the outer wall part, which foandouble-walled structure, there are
vertical waves (compressional waves), which aralf@ito a direction of propagation,
and horizontal waves, which are perpendicular éodinection of propagation. Among

these, the vertical waves are vibrations whichparallel to the wall surface, and mostly
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do not cause a problem since it is difficult tosaair in the periphery of the wall surface
to vibrate. However, the horizontal waves areatilons which are perpendicular to the
wall surface, and cause a serious problem sinckdheontal waves are the main source
that generate sound waves in the outer part diidlising by causing the air in the
periphery of the wall surface to vibrate.

[0009]

In the speaker that is suggested in PTL 1, vibnatthat propagate to the outer
wall part are limited by providing an elastic bddy absorbing vibrations, in a vibration
propagation pathway that reaches from the speaketauthe outer wall part. However,
since it is necessary to provide elastic bodigsiaing parts between the outer wall part
and the inner wall part in order to limit the wragand vibrations, a structure in which
the risk that the vacuum of the airtight space waollapse as a result of impact,
deterioration over time or the like, is high, isrfeed (refer to FIG. 2 of PTL 1).

[0010]

In addition, in a structure such as that of theaker that is suggested in PTL 2,
which includes an enclosure fixing reinforcementemal, the limitation of vibrations (in
particular, direct vibrations) in the outer wallrpes insufficient. Therefore, in a speaker
with this structure, it is necessary to providearsl absorption material on an outer side
of the outer wall part in order to limit a negate#ect on sound waves that are caused by
vibrations of the outer wall part, and to furtheoyade a designated case for retaining the
sound absorption material on the outer side. Toexgethe structure of the speaker
becomes unnecessarily large and complicated.

Accordingly, from a viewpoint of reducing the siaig and simplifying the
structure of a speaker, it can be said that adgtistructure in which it is possible to

limit vibrations that are generated in the outell wart in advance is preferable to limit



10

15

20

25

5

the negative effect on sound waves that are camgegibrations, which are generated in
the outer wall part, retroactively.

[0011]

An object of the present invention is to providgpaaker and a speaker housing
that are capable of limiting both wraparound vilmag and direct vibrations with a
simple structure, and which limit the propagatidisaund waves through the housing as
a result.

[0012]

In order to achieve the above-mentioned objeetptiesent invention provides a
speaker with the following features.

[0013]

That is, the present invention provides a spemictnding: a speaker unit; and a
housing, in which the housing is a double-wallegddtre that is provided with an inner
wall part, a part of which is open, and which hapace on an inner side thereof, and an
outer wall part, a part of which is open, and inchtthe inner wall part is disposed in a
space on an inner side of the outer wall part,hicivrespective open end parts of the
inner wall part and the outer wall part are intéggato form a rim part, in which an
airtight space is formed between the inner walt pad the outer wall part, and in which
at least a part of the speaker unit comes intcambntith and is supported by the inner
wall part in the space on the inner side of therall part, in a direction parallel to an
opening surface, which has an outer circumfereogadd by the rim part.

[0014]

In the speaker, the speaker unit comes into contéic the inner wall part in a
direction parallel to the opening surface. Thathe speaker unit comes into contact

with the inner wall part in a direction perpendaudo the inner wall part. Therefore,
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the impedance with respect to a direction perperalico the inner wall part is large, and
therefore, in the inner wall part, it is possildeprovide a region in which it is difficult

for horizontal waves to propagate toward the owt part. Accordingly, it is possible
to limit wraparound vibrations, which are mainlyrizontal waves, by being excited by
rearward waves of the speaker unit.

[0015]

In addition, a principal vibration direction ofelspeaker unit (that is, a direction
in which forward waves are emitted) is a directi@mpendicular to the opening surface.
Furthermore, it is easy for vibrations in a direntperpendicular to the inner wall part
(that is, horizontal waves) to propagate to thermmall part since the impedance of the
inner wall part is comparatively small, and it iffidult for vibrations in a direction
parallel to the inner wall part (that is, vertieedves) to propagate to the inner wall part
since the impedance of the inner wall part is camapeely large. In this instance, if the
speaker unit comes into contact with the inner wait in a direction parallel to the
opening surface, a principal vibration directiortlod speaker unit approaches a direction
parallel to the inner wall part. As a result asttdirect vibrations that propagate from
the speaker unit to the inner wall part mainly beeovertical waves, but since, in the
manner described above, it is difficult for vertieaves to propagate to the inner wall
part, it is possible to reduce direct vibration&ccordingly, it is possible to limit direct
vibrations.

[0016]

In addition, even if vertical waves were to progiagto the outer wall part as
either wraparound vibrations or direct vibratiosisice it is difficult for vertical waves to
cause the air in the periphery of the outer waltt pavibrate, very few sound waves are

emitted from the outer wall part.
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Furthermore, even if a part of the vertical wawese to change into horizontal
waves midway through propagation to the outer pailt, since the energy of the
vibrations decreases during the change, very fewmdavaves are emitted from the outer
wall part.

[0017]

In addition, in the speaker of the present inamtit is preferable that at least a
part of the speaker unit comes into contact witth igrsupported by the inner wall part in
the space on the inner side of the inner wall end, at a position spaced apart from the
rim part, and that a shape of the rim part in as®ection perpendicular to the opening
surface is a V-shape.

[0018]

According to this speaker, since the rim parblddd sharply, it becomes
difficult for vibrations to pass through the rimrpa Therefore, it is possible to limit
wraparound vibrations and direct vibrations.

Additionally, when a direction that runs from thygening surface toward the
space on the inner side of the inner wall pasetsas a rearward direction, and a
direction opposite to the rearward direction isasethe forward direction, the rim part is
an end part that is furthest on the forward sidéhefhousing. Further, from a
viewpoint of limiting the passage of vibrationsisifpreferable that the rim part is a shape
folded into a V-shape at an acute angle.

[0019]

Furthermore, the present invention provides tieviong speaker.

[0020]

That is, a speaker including a speaker unit, amousing, in which the housing

is a double-walled structure that is provided vaithinner wall part, a part of which is
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open, and which has a space on an inner side thareban outer wall part, a part of
which is open, and in which the inner wall partisposed in a space on an inner side of
the outer wall part, in which respective open eadgof the inner wall part and the outer
wall part are integrated to form a rim part, in @hhan airtight space is formed between
the inner wall part and the outer wall part, in @¥hat least a part of the speaker unit
comes into contact with and is supported by theiinvall part in the space on the inner
side of the inner wall part, and at a position gplagpart from the rim part, and in which
the shape of the rim part in a cross-section pelipatar to the opening surface, which
has an outer circumference that is formed by timepart, is a V-shape.

[0021]

In addition, in the speaker with the above-merdgtnoharacteristics, it is
preferable that at least a part of the speakercanites into contact with and is supported
by the inner wall part in the space on the inngée sif the inner wall part, in a direction
parallel to the opening surface.

[0022]

In addition, in the speakers with the above-merbrespective characteristics,
it is preferable that the shape of the rim pa# tross-section perpendicular to the
opening surface is a V-shape folded back by praotgudutside the airtight space
surrounded by the inner wall part and the outet paat.

[0023]

In addition, in the speakers with the above-merbrespective characteristics,
it is preferable that the shape of the rim pa# tross-section perpendicular to the
opening surface is a V-shape folded once only.

[0024]

In addition, in the speakers with the above-merbrespective characteristics,
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it is preferable that the shape of the rim pad tross-section perpendicular to the
opening surface is a V-shape folded at an angldiesntiaan 70°.

[0025]

According to these speakers, it is possible tectiffely limit the passage of
vibrations at the rim part.

[0026]

In addition, in the speakers with the above-mertbrespective characteristics,
the speaker unit may be provided with a vibratitaigy a driving part that causes the
vibration plate to vibrate by driving the vibratiptate depending on an input electrical
signal, and a unit support part that supportsastlthe driving part, and the unit support
part may come into contact with and be supportethbynner wall part.

[0027]

Furthermore, in the speakers with the above-meatioespective characteristics,
it is preferable that, when a direction that rumosrf the opening surface toward the space
on the inner side of the inner wall part, is seth@srearward direction, and a direction
opposite to the rearward direction is set as adodvdirection, at least a part of the unit
support part comes into contact with and is suggoty the inner wall part at a position
further rearward than a front section end parhef\tibration plate.

[0028]

According to this speaker, it is possible to iase a distance between a
connection position between the unit support padtthe inner wall part, and the rim part.
Therefore, it is possible to effectively limit wiaqound vibrations by increasing the
distance for the dampening of wraparound vibrations

[0029]

In addition, in the speakers with the above-merbrespective characteristics,
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when a direction that runs from the opening surtaweard the space on the inner side of
the inner wall part, is set as the rearward dioectand a direction opposite to the
rearward direction is set as the forward directafront section end part of the speaker
unit may be positioned further forward than the pant.

[0030]

In this speaker, since the speaker unit is fuiievard than the rim part, it is
possible to prevent a part of the forward waves tte speaker unit emits from
interfering with normally emitted forward wavesasgesult of being unnecessarily
reflected or scattered by the rim part. In additisince it is possible to avoid the
above-mentioned interference, it is possible toerthk shape of the rim part an arbitrary
shape (in particular, a shape applied in ordeimid Wraparound vibrations and direct
vibrations).

[0031]

Furthermore, in the speakers with the above-meatioespective characteristics,
it is preferable that an outer edge of the speakirextends up to the front section of the
rim part, and is spaced apart from the rim part.

[0032]

According to this speaker, it is possible to dffeady limit direct vibrations
since the outer edge of the speaker unit doesameédnto contact with the rim part.

[0033]

In addition, in the speakers with the above-mertbrespective characteristics,
it is preferable that at least a part of the speaké& comes into contact with and is
supported in the space on the inner side of therimall part in a state of being pressed
against the inner wall part along a direction gatab the opening surface.

[0034]
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According to this speaker, stress along a comliaettion with the inner wall
part is applied as a result of the speaker uniigppressed against the inner wall part
along a direction parallel to the opening surfac€herefore, it is possible to effectively
limit wraparound vibrations.

[0035]

In addition, in the speakers with the above-mertbrespective characteristics,
it is preferable that at least a part of an out# surface of the speaker unit inserted into
the space on the inner side of the inner wall gartyes into contact with and is
supported by the inner wall part opposed thereto.

[0036]

According to this speaker, the outer side surtddbe speaker unit and the inner
wall part, which oppose one another, only neecetfixed together when the speaker
unit is fixed to the inner wall part. Thereforeisi possible to easily fix the speaker unit
to the inner wall part.

[0037]

In addition, in the speakers with the above-merbrespective characteristics,
it is preferable that the shape of a cross-secti@portion of the speaker unit inserted
into the space on the inner side of the inner pait, which is parallel to the opening
surface, gradually becomes larger from the spadb@mner side of the inner wall part
toward the opening surface.

[0038]

According to this speaker, when the speaker gnitderted into the space on the
inner side of the inner wall part, stress alongmtact direction with the inner wall part is
applied as a result of the speaker unit being preagainst the inner wall part along a

direction parallel to the opening surface. Themefd is possible to effectively limit
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wraparound vibrations.

[0039]

In addition, in the speakers with the above-merbrespective characteristics,
the inner wall part may be a bottomed tube, anaxaal center of the inner wall part may
pass through the opening surface.

[0040]

In addition, in the speakers with the above-mertbrespective characteristics,
it is preferable that a stepped part which protsudevard the inside of the space on the
inner side, is provided in the inner wall part, dne speaker unit is supported by the
inner wall part in a state where an end part ofsfieaker unit which is inserted in the
space on the inner side of the inner wall partfsabgainst the stepped part.

[0041]

According to this speaker, it is possible to gegdtermine a position of the
speaker unit in the space on the inner side ointher wall part.

[0042]

In addition, in the speakers with the above-mertbrespective characteristics,
it is preferable that the air pressure in the ghittspace between the inner wall part and
the outer wall part is lower than atmospheric press

[0043]

According to this speaker, it is possible to limlrations that propagate from
the inner wall part to the outer wall part throubh airtight space. In addition, if the
airtight space between the inner wall part andbtiter wall part reaches a negative
pressure, stress is applied to the inner wall = result of the inner wall part being
pulled to the outer wall part side. Therefores possible to effectively limit

wraparound vibrations.
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[0044]

In addition, in the speakers with the above-mertbrespective characteristics,
it is preferable that at least a part of the speaké is screwed together with and is
supported by the inner wall part.

[0045]

According to this speaker, it is possible to fyedtach the speaker unit from
the housing. Therefore, it is possible for a weaybtain a speaker with properties that
match their taste by selectively combining favarit®m among a variety of speaker
units and housings with different properties.

[0046]

In addition, according to this speaker, it is jflolesto arbitrarily adjust a support
state of the speaker unit depending on the housiRgr example, it is possible to reduce
the volume of a space (the air volume), which ia near section of the speaker unit, and
is surrounded by the inner wall part by increasirggrewing amount of the speaker unit,
and it is possible to increase the volume of treespby decreasing the screwing amount
of the speaker unit, or the like. Further, it @spible to change the resonance state of
the speaker unit by performing this kind of adjusirn

[0047]

Furthermore, in the speakers with the above-meatioespective characteristics,
it is preferable that an external diameter of @wdahread of the speaker unit, which
screws together with the inner wall part, graduadtreases from the space on the inner
side of the inner wall part toward the opening scet

[0048]

According to this speaker, the speaker unit isggd against the inner wall part

in accordance with screwing of the speaker unithatTs, stress along a direction
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perpendicular to the inner wall part is appliedhie inner wall part in accordance with
screwing of the speaker unit.  Accordingly, it @spible to effectively limit wraparound
vibrations.

[0049]

Furthermore, in the speakers with the above-meatioespective characteristics,
it is preferable that a stepped part which protsudevard the inside of the space on the
inner side, is provided in the inner wall part,ttaacrew thread, which is provided in the
speaker unit and screws together with the innel paait, and a screw thread, which is
provided in the inner wall part and screws togethighn the speaker unit, respectively
include flanks inclined with respect to a surfduat is perpendicular to a screwing
direction, and that the speaker unit is supportethé inner wall part in a state where an
end part of the speaker unit which is insertedhéndpace on the inner side of the inner
wall part, abuts against the stepped part.

[0050]

According to this speaker, stress in a directedifection which parallel to the
screwing direction, and that runs from the spacthennner side of the inner wall part
toward the opening surface) opposite to a fastedgirggtion is applied from the stepped
part to the speaker unit by bringing the speakérioto contact with the stepped part (in
particular, pressing the speaker unit by fastetigigly). When this happens, stress in a
direction perpendicular to the flanks is applieshirthe flanks of the screw thread on the
speaker unit side to the flanks of the screw thadate inner wall part side, which are in
contact with the flanks. At this time, due to thet that the flanks of the screw thread
of the inner wall part side are inclined towardugace (that is, a surface that is
perpendicular to the inner wall part) that is pergeular to a screwing direction, the

stress that has a direction component perpendituthe inner wall part (a direction
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component that presses the inner wall part agamsuter side). Accordingly, it is
possible to effectively limit wraparound vibrations

[0051]

In addition, the present invention provides thHéfeing speaker housing.

[0052]

That is, the present invention is a speaker hgusimich is a double-walled
structure including an inner wall part, a part dfieh is open, and which has a space on
an inner side thereof, and an outer wall part,ragfavhich is open, and in which the
inner wall part is disposed in a space on an isitkr of the outer wall part, in which
respective open end parts of the inner wall padtthe outer wall part are integrated to
form a rim part, and in which an airtight spacéoisned between the inner wall part and
the outer wall part, in which a support structwedausing at least a part of the speaker
unit to come into contact with and be supportedhayinner wall part in the space on the
inner side of the inner wall part, in a directicarallel to an opening surface, which has
an outer circumference that is formed by the rim, ps.provided in the inner wall part.

[0053]

Meanwhile, the present invention also providepeaker housing with the
following features.

[0054]

That is, the present invention provides a spelh&asing which is a
double-walled structure including an inner walltparpart of which is open, and which
has a space on an inner side thereof, and anwatiepart, a part of which is open, and
in which the inner wall part is disposed in a spacen inner side of the outer wall part,
in which respective open end parts of the innet pait and the outer wall part are

integrated to form a rim part, and in which anigit space is formed between the inner
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wall part and the outer wall part, in which a suptructure for causing at least a part of
the speaker unit to come into contact with anduppsrted by the inner wall part in the
space on the inner side of the inner wall parthenspace on the inner side of and at a
position spaced apart from the rim part, is prodigethe inner wall part, and in which
the shape of the rim part in a cross-section pelipatar to the opening surface, which

has an outer circumference that is formed by timepart, is a V-shape.

Advantageous Effects of Invention

[0055]

Since the speakers with the above-mentioned ragpaharacteristics and the
speaker housings with the above-mentioned resgechiaracteristics are provided with a
simple configuration of the speaker unit comingiobntact with and being supported by
the inner wall part, it is possible to limit bothaparound vibrations and direct vibrations,

and it is possible to limit the propagation of sdwvaves through the housing as a result.

Brief Description of Drawings

[0056]

FIG. 1 shows a schematic perspective view of alggreaccording to an
embodiment of the present invention.

FIG. 2 shows a cross-sectional view that showA-arcross-section of FIG. 1.

FIG. 3 shows an exploded perspective view of geaker in FIG. 1.

FIG. 4 shows a cross-sectional view that showssadxample of a speaker
according to an embodiment of the present invention

FIG. 5 shows a cross-sectional view that showecarsd example of a speaker

according to an embodiment of the present invention
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FIG. 6 shows a cross-sectional view that showsrd example of a speaker
according to an embodiment of the present invention

FIG. 7 shows a cross-sectional view that showmigti example of a speaker
according to an embodiment of the present invention

FIG. 8 shows a lateral view that shows an experimethod.

FIG. 9 shows lateral views that show the shapesspfective samples.

FIG. 10 shows graphs that show measurement redultbrations in a sample

V.

FIG. 11 shows graphs that show measurement regultbrations in a sample
U.

FIG. 12 shows graphs that show results of vibragtio a sample C.

FIG. 13 shows graphs that show measurement redultbrations in a sample
inverted S.

FIG. 14 shows graphs that show measurement redulibrations in a sample S.

FIG. 15 shows a graph that shows amounts of damgenh the respective
samples (plate thickness: 0.5 mm) that are shov#iGn9.

FIG. 16 shows a graph that shows amounts of damgenh the respective
samples (plate thickness: 1.0 mm) that are shov#iGn9.

FIG. 17 shows lateral views that show the shapesspective samples.

FIG. 18 shows a graph that shows amounts of damgenh the respective
samples (plate thickness: 0.5 mm) that are show#iGn17.

FIG. 19 shows a graph that shows amounts of damgenh the respective
samples (plate thickness: 1.0 mm) that are shovAiGn17.

FIG. 20 shows a cross-sectional view that shofiftheexample of a speaker

according to an embodiment of the present invention
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FIG. 21 shows a cross-sectional view that shogigth example of a speaker
according to an embodiment of the present invention

FIG. 22 shows a cross-sectional view that shossvanth example of a speaker
according to an embodiment of the present invention

FIG. 23 shows an exploded perspective view ofpieaker in FIG. 22.

FIG. 24 shows a cross-sectional view that showsigimh example of a speaker
according to an embodiment of the present invention

FIG. 25 shows a cross-sectional view that shonisithh example of a speaker
according to an embodiment of the present invention

FIG. 26 shows perspective view that shows an el@ofm manufacturing
method of a speaker housing according to an emleodiof the present invention.

FIG. 27 shows perspective view that shows an el@ofm manufacturing
method of a speaker housing according to an emleodiof the present invention.

FIG. 28 shows perspective view that shows an el@aofm manufacturing
method of a speaker housing according to an embadiof the present invention.

FIG. 29 shows a cross-sectional view of a spela&asing that is manufactured

using the manufacturing method that is shown inS§=1&6 to 28.

Description of Embodiments

[0057]

<Basic Configuration>

Firstly, a basic configuration of a speaker actwydo an embodiment of the
present invention will be described with referetwéhe drawings. FIG. 1 shows a
schematic perspective view of a speaker accordirmg tembodiment of the present

invention. In addition, FIG. 2 shows a cross-setil view that shows an A-A
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cross-section of FIG. 1. In addition, FIG. 3 shamsexploded perspective view of the
speaker in FIG. 1.

[0058]

As shown in FIGS. 1 to 3, a speaker 1 includgsealser unit 10 and a housing
20. The speaker unit 10 is a component that esniitead waves by causing air to
vibrate depending on an input electrical signah addition, the housing 20 is a
component that supports the speaker unit 10.

[0059]

Hereinafter, a direction in which the speaker afits provided when viewed
from the housing 20 in FIGS. 1 to 3 is set as fodran upper direction in FIGS. 1 to 3),
and a direction in which the housing 20 is disposbdn viewed from the speaker unit
10 is set to rearward (a lower direction in FIG$0 B).

[0060]

The speaker unit 10 includes a vibration platealdriving part 12, a unit
support part 13 and an edge part 14.

[0061]

The vibration plate 11 is a thin plate, and isrfed from an elastic material such
as a resin or paper, or a metal for example. Ti@won plate 11 is supported by the
driving part 12 and the edge part 14 in a statergvhdirst end of the vibration plate 11 is
connected to the driving part 12, and a secondle@of is connected to the edge part
14. In addition, a center cap 111 is providechmtibration plate 11 in a manner that
covers the driving part 12. Additionally, the cemtap 111 may be a component
formed from the same material as the vibrationepldt, or may be a component formed
from a different material from the vibration pldté.

[0062]



10

15

20

25

20
The driving part 12 is, for example, provided watimagnet and a coil. The

driving part 12 causes the vibration plate 11, Wwhgcconnected to the driving part 12, to
reciprocate forward and rearward due to an eleagmatic force that is generated
depending on an input electrical signal. As altesfuhis, the vibration plate 11
(including the center cap 111) vibrates, therebitterg sound waves (forward waves)
toward the front section of the vibration plate af¢d emitting sound waves (rearward
waves) toward the rear section of the vibrationepld.

[0063]

The unit support part 13 is a frame of the speakérl0 and is, for example,
formed from a resin, a metal or the like. The &tlon plate 11, the driving part 12 and
the edge part 14 are respectively disposed onraar 8ide of the unit support part 13.

In addition, the unit support part 13 respectivalipports the driving part 12 and the edge
part 14. In this instance, a part of a rear saatiod part of the unit support part 13 is
open, and the driving part 12 is positioned indpening section. Therefore, rearward
waves that are emitted from the vibration platgpéfetrate inside a space on an inner
side of the housing 20.

[0064]

The edge part 14 is a thin film, and is, for exmformed from a flexible
material such as cloth or urethane. A forward s@aw a rearward space of the
vibration plate 11 are isolated as a result of @m of the edge part 14 being connected
to the above-mentioned second end of the vibratiate 11, which is connected to the
driving part 12.

[0065]

The housing 20 includes an inner wall part 21ai pf which is open, and

which has a space on an inner side thereof, amait@n wall part 22, a part of which is
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open, and in which the inner wall part 21 is digzbs a space on an inner side of the
outer wall part 22. Respective open end parth@iriner wall part 21 and the outer
wall part 22 are integrated to form a rim part 22s a result of this, the housing 20
forms a double-walled structure in which an airtigbace is formed between the inner
wall part 21 and the outer wall part 22. Additibpahe rim part 23 is an end part that
is furthest on the forward side of the housing 20.

[0066]

In this instance, a surface, which has an outeuniference that is formed by
the rim part 23, is set as an opening surface 24.this time, the direction that runs
from the opening surface 24 toward the space irntbielénner wall part 21 is rearward,
and the direction opposite thereto is forward.

[0067]

The housing 20 that is shown as an example in FIG8 3 is a housing in
which the inner wall part 21 and the outer walltj2& are a bottomed tube (;more
specifically, a cylinder in which one end part pgea, and the other end part is closed),
and in which the axial centre of the inner wallt@r and the outer wall part 22 pass
through the opening surface 24 (more specificttiy,axial centre of the tube and the
opening surface 24 intersect in a perpendiculammagn In addition, FIG. 2 is a
cross-section (that is, a cross-section perperaticalthe opening surface 24) that passes
through the axial centre of the inner wall parte2tl the outer wall part 22.

[0068]

It is possible to use a metal material such agradis material (for example, a
steel such as stainless steel), an aluminum-baagstial, a magnesium-based material, a
titanium-based material, a copper-based matef@skample, brass) a material that

contains gold, silver or the like, in the housirty 2
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In addition, it is also possible to use a resiadobmaterial such as Carbon Fiber
Reinforced Plastic (CFRP), Glass Fiber Reinforcledtie (GFRP), soarnol (registered
trademark), X-BARRIER (registered trademark), olireorganic material other than a
metal material such as glass or a ceramic.

Furthermore, it is also possible to use a comeasdterial in which, for
example, a gas barrier film and a substrate (famgte, a resin material) have been
combined.

Additionally, as the material that forms the howgsRO, it is also possible to use
materials other than those mentioned above, lisipiteferable to use a material having
high rigidity, and a material that has propertidscl are capable of limiting vibrations.

[0069]

In the speaker 1, at least a part of the speakiefQ is disposed in the space on
the inner side of the inner wall part 21, and coma&s contact with and is supported by
the inner wall part 21 in a manner that is paratiehe opening surface 24. More
specifically, for example, the outer side surfatée unit support part 13 is parallel to
the opening surface 24, and comes into contactavithis supported by the inner wall
part 21 along a direction that runs from the ag@itre of the housing 20 to an outer side.
At this time, the outer side surface of the unggsurt part 13 comes into contact with and
is supported by the inner wall part 21 at a posifirther rearward than at least part of
the unit support part 13 (an end part that is cotatketo a front section end part of the
vibration plate 11, or in other words, the edge fdj.

[0070]

In addition, as shown in FIG. 2, a front sectiod @art of the speaker unit 10 is
positioned further forward than the rim part 23.urtRermore, an outer edge of the

speaker unit 10 extends up to the front sectich®fim part 23, and is spaced apart
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from the rim part 23.  Further, at least part & $ipeaker unit 10 comes into contact
with and is supported by the inner wall part 21 aggul thereto. More specifically, at
least a part of the speaker unit 10 that is cloghd rear section of the outer side surface
(the outer side surface of the unit support paytofa portion, which is inserted into the
space on the inner side of the inner wall paric®@ines into contact with and is supported
by the inner wall part 21 opposed thereto.

[0071]

In the speaker 1 of the present example, the spestit 10 comes into contact
with a side surface of the inner wall part 21 idir@ction parallel to the opening surface
24 (in the present example, a direction that roos fthe axial centre of the housing 20
toward an outer side). That is, the speaker uhitdimes into contact with inner wall
part 21 in a direction perpendicular to the siddéame of the inner wall part 21.
Therefore, the impedance with respect to a diraqierpendicular to the inner wall part
21 is large, and therefore, in the inner wall [24rtit is possible to provide a region (in
the present example, a region that the unit suggaottl3 comes into contact with) in
which it is difficult for horizontal waves to progate toward the outer wall part 22.
Accordingly, it is possible to limit wraparound vétions, which are mainly horizontal
waves, by being excited by rearward waves of tiealsgr unit 10.

[0072]

In addition, a principal vibration direction ofetlspeaker unit 10 (that is, a
direction in which forward waves are emitted) dir@ction perpendicular to the opening
surface 24. Furthermore, it is easy for vibrationa direction perpendicular to the side
surface of the inner wall part 21 (that is, horiabnvaves) to propagate to the inner wall
part 21 since the impedance of the inner wall paris comparatively small, and it is

difficult for vibrations in a direction parallel the side surface of the inner wall part 21
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(that is, vertical waves) to propagate to the inmelt part 21 since the impedance of the
inner wall part 21 is comparatively large.

In this instance, if the speaker unit 10 comes aantact with the inner wall part
in a direction parallel to the opening surface&grincipal vibration direction of the
speaker unit 10 approaches a direction paralldieonner wall part 21. As a result of
this, direct vibrations that propagate from thead@e unit 10 to the inner wall part 21
mainly become vertical waves, but since, in the meamlescribed above, it is difficult for
vertical waves to propagate to the inner wall gartit is possible to reduce direct
vibrations. Accordingly, it is possible to limitrdct vibrations.

[0073]

In addition, even if vertical waves were to progi@gto the outer wall part 22 as
either wraparound vibrations or direct vibratiosisice it is difficult for vertical waves to
cause the air in the periphery of the outer watt pa to vibrate, very few sound waves
are emitted from the outer wall part 22. Furthemmeven if a part of the vertical
waves were to change into horizontal waves midwayugh propagation to the outer
wall part 22, since the energy of the vibrationsrdases during the change, very few
sound waves are emitted from the outer wall part.

[0074]

The speaker 1 according to an embodiment of thegot invention is capable of
limiting the propagation of sound waves throughhhbasing 20 by limiting both
wraparound vibrations and direct vibrations witkiraple configuration of the speaker
unit 10 coming into contact with and being suppoitg the inner wall part 21.

[0075]

In addition, in the speaker 1, it is possiblertcréase a distance between a

connection position between the unit support parardd the inner wall part 21 that is
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close to the rear section, and the rim part 23.erdfore, it is possible to effectively
limit wraparound vibrations by increasing the dmsta for the dampening of wraparound
vibrations.

[0076]

Furthermore, in the speaker 1, the speaker ung fidther forward than the rim
part 23. As a result of this, it is possible tey@nt a defect in which a part of the
forward waves that the speaker unit 10 emits frotarfering with normally emitted
forward waves as a result of being unnecessatfiigated or scattered by the rim part 23.

In addition, it is possible to make the shapehefrim part 23 an arbitrary shape
(in particular, a shape applied in order to limraparound vibrations and direct
vibrations).

Furthermore, in the speaker 1, it is possiblefiecavely limit direct
propagation vibrations since the outer edge ofpieaker unit 10 does not come into
contact with the rim part 23.

[0077]

Additionally, as a contact and support methochefd¢peaker unit 10 in the inner
wall part 21, as long as the speaker unit 10 cantesontact with the inner wall part 21
in a direction parallel to the opening surface&#y method may be selected. For
example, the speaker unit 10 may be supportedéontter wall part 21 as a result of
fixing the speaker unit 10 to the inner wall paktusing an adhesive or the like. In
addition, for example, a support structure thédismed from an uneven surface may be
provided in at least one of the speaker unit 10taadnner wall part 21, and the speaker
unit 10 may be supported by the inner wall para2h result of fixing the speaker unit
10 to the inner wall part 21 using the supportctre (for example, refer to example 1

and FIG. 4, which will be described later). In didah, for example, a support structure
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may be provided in at least one of the speakerlihénd the inner wall part 21, and the
speaker unit 10 may be supported by the innerpeati 21 as a result of fixing the
speaker unit 10 to the inner wall part 21, andierrfirmly fixing the speaker unit 10 to
the inner wall part 21 using an adhesive or the. lik

[0078]

<Examples>

Next, various examples in which a variety of mmgifions have been added to
the speaker 1 with the above-mentioned basic cordigpn as a base, will be described
with reference to the drawings. Additionally, iretfollowing text, the description of
parts that are the same as those of the basiccwation, which is mentioned above, will
be omitted, and only portions that are characterigtthe respective examples will be
described. In addition, it is possible to implemire invention by arbitrarily
combining the respective characteristic portionthefrespective examples which will be
described later.

First Example

[0079]

FIG. 4 shows a cross-sectional view that showssadxample of a speaker
according to an embodiment of the present invenaod is a cross-sectional view that
shows a cross-section that corresponds to the-semg®n (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0080]

As shown in FIG. 4, in a speaker 1A of the pregemimple, the speaker unit 10
is fixed to and supported by the inner wall paruihg a support structure that is
provided in a contact portion between the speakirl® and the inner wall part 21.

More specifically, in the speaker 1A of the presample, the speaker unit 10 is fixed
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to and supported by the inner wall part 21 as altre$ a convex part 211, which is
provided on the inner wall part 21, and a concaré 131, which is provided on an outer
side surface of the unit support part 13, engagiitig one another.

[0081]

In this case, for example, the convex part 211thadconcave part 131 are
engaged with one another by passing a rear sestidpart of the unit support part 13,
which is inserted into the space on the inner sfdbe inner wall part 21, through a
space contracted by the convex part 211 usingelesformation of at least one of the
unit support part 13 and the housing 20.

[0082]

Additionally, in FIG. 4, a structure in which tlkenvex part 211 is provided on
the inner wall part 21, and the concave part 13kasided on the outer side surface of
the unit support part 13, is shown as an examplea Istructure that is the reverse of this
in which the concave part is provided on the inmall part 21 and the convex part is
provided on the unit support part 13 may also leslus In addition, a structure in which
engaging shapes other than those of the conveXpharnd the concave part 131 that are
shown in FIG. 4, are provided on the inner walk 2drand the outer side surface of the
unit support part 13, may also be used.

[0083]

In addition, a support structure such as the copaet 211 and the concave part
131 may be provided around the entire circumfergte¢he inner side of the inner wall
part 21 and the outer side of the unit support payor may be partially provided on the
inner side of the inner wall part 21 and the ostde of the unit support part 13.

[0084]

In addition, in the same manner as the speakathlte above-mentioned basic
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configuration, in the speaker 1A of the presentgXa also, at least part of the speaker
unit 10 is disposed in the space on the innerdidiee inner wall part 21, and comes into
contact with and is supported by the inner walt @arin a direction that has a direction
(in the present example, a direction that runs ftieenaxial centre of the housing 20
toward an outer side) component parallel to thenogesurface 24.

Second Example

[0085]

FIG. 5 shows a cross-sectional view that showecarsd example of a speaker
according to an embodiment of the present inventiad is a cross-sectional view that
shows a cross-section that corresponds to the-semg®n (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0086]

As shown in FIG. 5, in a speaker 1B of the presgaimple, a cross-sectional (a
cross-section in a left-right direction in the dnag) shape (external diameter) of a
portion of the speaker unit 10 that is inserted thie space on the inner side of the inner
wall part 21, which is parallel to the opening sed 24, gradually becomes larger from
the space on the inner side of the inner wall parioward the opening surface 24.
More specifically, in the speaker 1B of the prese@mple, a tapered surface 132, the
cross-sectional (a cross-section in a left-righéction in the drawing) shape, which is
parallel to the opening surface 24, of which grdlgiudzecomes larger toward a front
section is provided on the outer side surface efuthit support part 13.

[0087]

When the speaker unit 10, which includes this lahthpered surface 132, is
inserted into the space on the inner side of therimvall part 21, stress along a contact

direction with the inner wall part 21, which hadieection (in the present example, a
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direction that runs from the axial centre of thei$iag 20 toward an outer side)
component parallel to the opening surface 24, dieg as a result of the speaker unit 10
being pressed against the inner wall part 21 albegontact direction. Therefore, it is
possible to effectively limit wraparound vibrations

[0088]

Additionally, without being limited to the strucauof the speaker 1B of the
present example, as long as at least part of #aksp unit 10 comes into contact with
and is supported in the space on the inner sideeanner wall part 21 along a direction
parallel to the opening surface 24 in a state ofdpressed against the inner wall part 21,
the same effect can be obtained. That is, simessstlong a contact direction with the
inner wall part 21 is applied as a result of theadqr unit 10 being pressed against the
inner wall part 21 along a direction which hasr@clion component parallel to the
opening surface 24, it is possible to effectivatyilt wraparound vibrations.

Third Example

[0089]

FIG. 6 shows a cross-sectional view that showsrd example of a speaker
according to an embodiment of the present invenaod is a cross-sectional view that
shows a cross-section that corresponds to the-semg®n (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0090]

As shown in FIG. 6, in a speaker 1C of the presgatnple, a neck part 212 (a
stepped part) which protrudes toward the insidih@fspace on the inner side, is
provided in the inner wall part 21. Further, tipeaker unit 10 is supported by the inner
wall part 21 in a state where an end part of tleaker unit 10 which is inserted in the

space on the inner side of the inner wall pariablits against the neck part 212.
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[0091]

In this manner, if the neck part 212 is providedhe inner wall part 21, it is
possible to easily determine a position of the kpeanit 10 in the space on the inner
side of the inner wall part 21.

[0092]

Additionally, as long as the neck part 212 (tlepped part) is a shape (that is, a
shape that forms a step by protruding in the spadée inner side of the inner wall part
21) that can abut against the end part of the gpeakt 10, which is inserted in the space
on the inner side of the inner wall part 21, ip@ssible to obtain the above-mentioned
effect. Therefore, as long as the above-mentiefiedt is obtained, the neck part 212
(the stepped part) may be any shape. For exathel@eck part 212 may be a shape in
which the inner diameter of the rear section entigfahe inner wall part 21 is smaller
than the inner diameter of the front section end th&reof (or in other words, a shape
that reaches the bottom surface of the inner vaati 1 as a result of the neck part 212 of
FIG. 6 extending up to the rear section). In addjtfor example, the neck part 212 (the
stepped part) may be a component provided arowndrttire circumference of the inner
side of the inner wall part 21, or may be a compotigat is partially provided on the
inner side of the inner wall part 21.

[0093]

In addition, in the same manner as the speakathlte above-mentioned basic
configuration, in the speaker 1C of the presentrgta also, at least part of the speaker
unit 10 is disposed in the space on the inneraidiee inner wall part 21, and comes into
contact with and is supported by the inner walt @arin a direction that has a direction
(in the present example, a direction that runs ftieenaxial centre of the housing 20

toward an outer side) component parallel to thenogesurface 24.
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Fourth Example

[0094]

FIG. 7 shows a cross-sectional view that showsigti example of a speaker
according to an embodiment of the present inventiod is a cross-sectional view that
shows a cross-section that corresponds to the-semg®on (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0095]

As shown in FIG. 7, in a speaker 1D of the preseample, a shape of a rim
part 231 in a cross-section perpendicular to trenoyy surface 24 (the A-A cross-section,
refer to FIG. 1), is a V-shape. More specificdiby, example, the rim part 231 forms a
shape in which the inner wall part 21 and the owt part 22 gradually approach one
another in accordance with movement toward thet fseation (an upper direction in the
drawing).

[0096]

In this manner, if the rim part 231 is set to hawhape folded sharply, it
becomes difficult for vibrations to pass througa thm part 231. Therefore, it is
possible to limit vibrations that propagate frore thner wall part 21 to the outer wall
part 22. At this time, from a viewpoint of limigrthe passage of vibrations, it is
preferable that the rim part 23 is a shape foldéal & V-shape at an acute angle in the
manner that is shown as an example in Fig. 7.

[0097]

Additionally, the rim part 231 that has this kiofdshape can, for example, be
formed by disposing in a manner in which end paftfie inner wall part 21 and the
outer wall part 22 come into contact with one arothith a predetermined angle as

shown in FIG. 7, and joining the end parts, whighia contact with one another, by
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welding, soldering, or the like.

[0098]

In addition, with respect to the rim part 231, ttveer wall part 21 and the outer
wall part 22 may be integrated using any method.orévspecifically, for example, the
rim part 231 may be formed by curving either onéath of the inner wall part 21 and
the outer wall part 22 so that the respective ertsghereof gradually approach one
another, and joining the end parts, which are mtact with one another, by welding,
soldering, or the like.

[0099]

In addition, in the same manner as the speakathltine above-mentioned basic
configuration, in the speaker 1D of the presentgda also, at least part of the speaker
unit 10 is disposed in the space on the innerdidiee inner wall part 21, and comes into
contact with and is supported by the inner walt @arin a direction that has a direction
(in the present example, a direction that runs ftieenaxial centre of the housing 20
toward an outer side) component parallel to thenoyesurface 24. However, it is even
possible to limit the propagation of sound waveeugh the housing 20 by limiting both
wraparound vibrations and direct vibrations in $aene manner as the above-mentioned
basic configuration by merely making the rim pa&12nto a V-shape. Therefore, in a
case in which the fourth example is adopted, ag &mat least part of the speaker unit 10
comes into contact with the inner wall part 21ha space on the inner side of the inner
wall part 21, and at a position spaced apart floarim part 231, at least part of the
speaker unit 10 need not necessarily come intaacomtth the inner wall part 21 in a
direction parallel to the opening surface 24.

[0100]

In addition, an experiment was performed in otdererify the limiting effect
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on the passage of vibrations due to the V-shapegbairt 231 that is mentioned above.
The results of the experiment will be describedhwference to the following drawings.

[0101]

FIG. 8 shows a lateral view that shows an experimeethod. As shown in
FIG. 8, the experiment was performed on this ocragias an experiment that fixed one
end part of a sample plate in which a central igavent, applying a shock to the fixed
end part side, and respectively measuring vibrattbat are generated on both sides
between which the central part is interposed udistprtion gauges SG1 and SG2. In
this instance, the central part of the sample, wigdent, corresponds to the rim part,
the fixed end part side (hereinafter, referredstéhe inner side) to which the shock is
applied corresponds to the inner wall part, andstle opposite thereto (hereinafter,
referred to as the outer side) corresponds to uker evall part.

[0102]

Respective samples that are used in the prespatiment were prepared with a
curving process only without performing weldingtloe like in order to confirm the
limiting effect on the passage of vibrations tlsataused by the shape of the rim part
only. In addition, the length of the samples bemvthe distortion gauges SG1 and SG2
was set to 100 mm in all of the samples regardiefise shape thereof, and the distortion
gauges SG1 and SG2 were disposed in positionsveratequidistant from the central
parts of the samples. In addition, the width ef éach of the samples was 10 mm, and
the thickness of the each of the samples was 0.®ni® mm.

[0103]

In addition, FIG. 9 shows lateral views that stsivapes of respective samples.
As shown in FIG. 9, a total of five shapes of saampére used in the experiment. The

sample that is shown in FIG. 9(a) is a V-shapeddxaiihereinafter, referred to as a
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“sample V") in which the central part has been éoldt an acute angle (20° in the
present example). The sample that is shown in %l6).is a U-shaped sample
(hereinafter, referred to as a “sample U”) in whilsl central part has been curved in the
form of a curved surface without being folded. TBlaenple that is shown in FIG. 9(c) is
a C-shaped sample (hereinafter, referred to aaragke C”) in which two locations, an
inner side portion and an outer side portion, efd¢antral part have been folded at 90°.
The sample that is shown in FIG. 9(d) is an ineBeshaped sample (hereinafter,
referred to as a “sample inverted S”) in which mmer side portion of the central part has
been folded at an acute angle, and an outer sidi@pthereof has been curved into an
uneven surface in the form of a curved surface.e Sdmple that is shown in FIG. 9(e) is
an S-shaped sample (hereinafter, referred to aaraple S”) in which an outer side
portion of the central part has been folded at@rneaangle, and an inner side portion
thereof has been curved into an uneven surfadesiform of a curved surface.

[0104]

FIG. 10 shows graphs that show measurement redultbrations in the sample
V. FIG. 11 shows graphs that show measuremenltsesfuvibrations in the sample U.
FIG. 12 shows graphs that show measurement refultbrations in the sample C. FIG.
13 shows graphs that show measurement resultd@tians in the sample inverted S.
FIG. 14 shows graphs that show measurement redultbrations in the sample S.
Additionally, in FIGS. 10 to 14, the respective gaaphs show the measurement results
of the distortion gauge SG1 (measurement resulghodtions on the inner side), and the
respective (b) graphs show the measurement restitie distortion gauge SG2
(measurement results of vibrations on the oute)sid

[0105]

In addition, in FIGS. 10 to 14, the respectiveptpsathat are shown by (a) and
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(b) are graphs that were standardized so thateadtrwhich vibrations reached the
distortion gauge SG1 was defined as 0, and in whictaximum displacement of the
distortion gauge SG1 in the measurement resultslwas-urthermore, in FIGS. 10 to 14,
a dotted line that connects peaks in displacenmetfitel (a) graphs (that is, a line that
shows temporal fluctuations in amplitude on theemside) is displayed in the (a) graphs
and the (b) graphs. In addition, the graphs thashown in FIGS. 10 to 14 are graphs
that show the measurement results of vibratiorsamples in which the plate thickness
was 0.5 mm.

[0106]

In the graphs that are shown in FIGS. 10 to 1 ]ithiting effect on the passage
of vibrations that is caused by the shape of thepsaiis displayed particularly intensely
immediately after the generation of vibrations @ample, from approximately 0 to 0.2
seconds). Meanwhile, as time passes after theagemreof vibrations (for example,
from 0.2 seconds onwards), the influence of speeibrations of the sample and the like
are displayed more intensely than the limiting effen the passage of vibrations. In
such an instance, hereinafter, evaluation of théihg effects on the passage of
vibrations that are caused by the respective shafpgbee samples will be performed
focusing on some results of the measurement odtidms immediately after the
generation of vibrations, in particular.

[0107]

As shown in FIG. 10, in the sample V, the ampktad vibrations that was
measured on the outer side was significantly lavan the amplitude of vibrations that
was measured on the inner side. In contrast $0 &isishown in FIGS. 11 to 14, in the
sample U, the sample C, the sample inverted Stendample S, a fixed amount of

reduction in amplitude is seen, but there is naiScant reduction in amplitude such as
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that in the sample V.

[0108]

In this instance, the extent of the reductionmpltude in the respective
samples was evaluated quantitatively using amafrdampening. The amount of
dampening was a value in which a sum of squaréseadisplacement of vibrations that
were measured on the outer side of the sampleg ise@onds from the initiation of
measurement were multiplied by a sum of squaréseoflisplacement of vibrations that
were measured on the inner side of the samples.

[0109]

FIGS. 15 and 16 are graphs that show amountsropeaing of the respective
samples that are shown in FIG. 9. FIG. 15 shogiph that shows amounts of
dampening of samples in which the plate thickness &5 mm, and FIG. 16 shows a
graph that shows amounts of dampening of samplesiich the plate thickness was 1.0
mm. Additionally, the amounts of dampening tha&t stiown in FIGS. 15 and 16 were
amounts that were obtained by respectively prepgdme samples each of the five
shapes that are shown in FIG. 9., obtaining a tdtdb measurement results by
performing the above-mentioned experiment five Sirap each of the five samples of
each shape, and averaging the 25 amounts of dangprat were calculated from the 25
measurement results.

[0110]

As shown in FIGS. 15 and 16, the amounts of damgédn the sample V were
significantly reduced in comparison with thoselad bther samples. Additionally, as
shown in FIG. 16, if only the samples with platekhesses of 1.0 mm are looked at, the
amounts of dampening in the sample C were redurdtetsame extent as the sample V.

However, regardless of whether the plate thickoésise sample V was 0.5 mm or 1.0
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mm, the amounts of dampening were significantlyced in comparison with those of
the other samples.

[0111]

In this manner, it is understood that it is polestb effectively limit the passage
of vibrations by making the rim part 231 a V shape.

[0112]

Given that, with respect to the sample inverteth® the sample S, if only the
folded portions are focused on, it can be saidttiege samples are V-shapes that are
folded at acute angles in the same manner as thgls®. However, when compared
to the sample V, the limiting effects on the passafgvibrations in the sample inverted S
and the sample S were small.

[0113]

The cause of this may be the fact that, in thepbaumverted S and the sample S,
different from the sample V, the central part faldeck by protruding inside a space
surrounded by the inner side and the outer sidéerefore, in shapes such as those of
the sample inverted S and the sample S, even thbegbassage of vibrations is limited
in a portion that forms a V-shape, since the sasialen a spring-like shape overall,
unnecessary vibrations are generated and thengyatifect on the passage of vibrations
that is obtained is reduced (for example, refeh&portion of the graph of FIG. 13 from
0.2 seconds onwards).

[0114]

In such an instance, the same experiment as theeabhentioned experiment
(refer to FIG. 8) was performed in order to veafghape that can effectively limit the
passage of vibrations in a case in which the rinh 21 is set to have a V-shape. The

results of this experiment will be described wigfierence to the following drawings.
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[0115]

FIG. 17 shows lateral views that show shapessifeetive samples. As shown
in FIG. 17, a total of four shapes of sample thateanused in the experiment. The
sample that is shown in FIG. 17(a) is a V-shapedpa (hereinafter, referred to as a
“sample V207) in which the central part has bedddd back at an angle of 20° by
protruding outside the airtight space surroundethbyinner side and the outer side, and
is the same sample as the sample that is showiGiB(R). The sample that is shown in
FIG. 17(b) is a V-shaped sample (hereinafter, refeto as a “sample V707) in which the
central part has been folded back at an angle oby@rotruding outside the airtight
space surrounded by the inner side and the outer siThe sample that is shown in FIG.
17(c) is a V-shaped sample (hereinafter, refemembkta “sample V120”) in which the
central part has been folded back at an angle @ & protruding outside the airtight
space surrounded by the inner side and the outer siThe sample that is shown in FIG.
17(d) is an M-shaped sample (hereinafter, refeilwex a “sample M”) in which the
central part has been folded back at an angle ©bg@rotruding inside a space
surrounded by the inner side and the outer side.

[0116]

FIGS. 18 and 19 are graphs that show amountsmopeiaing of the respective
samples that are shown in FIG. 17. FIG. 18 shogrsph that shows amounts of
dampening of samples in which the plate thicknegs &5 mm, and FIG. 19 shows a
graph that shows amounts of dampening of samphesiich the plate thickness was 1.0
mm. Additionally, the amounts of dampening th& stnown in the graphs of FIGS. 18
and 19 were amounts that were calculated usingahme method as the amounts of
dampening that are shown in the graphs of FIG&ntb16.

[0117]
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As shown in FIGS. 18 and 19, the amounts of damngen the sample M were
not reduced to the extents of the other V-shapethks. That is, it is understood that
even if the sample is formed from a shape foldeghaicute angle into a V-shape, the
limiting effect on the passage of vibrations isueel if the shape is folded back by
protruding inside a space surrounded by the iniderand the outer side. In other
words, even if the sample is formed from a shajpetbat an acute angle into a V-shape,
the limiting effect on the passage of vibrationseduced if the sample is a shape folded
a plurality of times.

[0118]

Furthermore, as shown in FIGS. 18 and 19, wherxperiment results of the
sample V20, the sample V70, and the sample V1208argared, it is understood that
the limiting effect on the passage of vibrationg@ases as the folding and curving angle
of the sample decreases (that is, the more shimplgd the sample). In particular, it is
understood that in comparison with the sample ftae sample V120 in which the
folding and curving angles are comparatively latge,limiting effect on the passage of
vibrations of significantly greater in the sampl20v/in which the folding and curving
angle is comparatively small. Therefore, it is enrstiood that from a viewpoint of
increasing the limiting effect on the passage bfations, it is preferable that the folding
and curving angle is set to smaller than 70°.

[0119]

Accordingly, it is possible to effectively limihé passage of vibrations by
setting the rim part 231 to be a V-shape that pd&s outside the space surrounded by
the inner wall part 21 and the outer wall part&@a] is folded back once only. In
addition, it is possible to effectively limit th@gsage of vibrations by setting the rim part

231 to be a V-shape folded at an angle smaller 7ban
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Fifth Example

[0120]

FIG. 20 shows a cross-sectional view that shofiftheexample of a speaker
according to an embodiment of the present inventiod is a cross-sectional view that
shows a cross-section that corresponds to the-semg®on (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0121]

As shown in FIG. 20, in a speaker 1E of the presgample, an air pressure of
the airtight space between the inner wall partid the outer wall part 22 is a negative
pressure (a pressure that is lower than atmospperssure, for example, greater than or
equal to 1G Pa but less than or equal to 10 Pa). More spadifj the speaker 1E of
the present example includes a exhaust openingh22 penetrates a part of the outer
wall part 22 (the bottom part in the example teathown in FIG. 20), a sealing material
25, which is provided so as to block the exhaushopy 221, and a protective plate 26,
which is provided so as to cover the outer surtddbe sealing material 25.

[0122]

The sealing material 25 is, for example, a bragitey metal that is formed
from an alloy of a tin simple substance or tin aider, an alloy of copper and zinc, and
is formed from a material with a melting point tigatess than that of the material from
which the housing 20 is made. In addition, thagmtive plate 26 is, for example,
formed from the same material as the housing 20.

[0123]

In a case of preparing the speaker 1E of the ptesample, firstly, a space
between the inner wall part 21 and the outer weait @2 is depressurized through the

exhaust opening 221 by vacuum drawing a cabinéigha the housing 20. Next, after
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melting (softening) the sealing material 25 byirgjghe temperature inside the cabinet
and sealing the exhaust opening 221by adheringaakng material 25 thereto, the
temperature of the cabinet is reduced. As a restiltis, the space between the inner
wall part 21 and the outer wall part 22 becomeaidight space, and retains a negative
pressure state. Further, the housing 20 is remfyeedthe cabinet, and the protective
plate 26 is joined to the outer wall part 22 bydimg, soldering or the like so as to cover
the outer surface of the sealing material 25.

[0124]

In this manner, if the airtight space betweenitimer wall part 21 and the outer
wall part 22 is set to a negative pressure, ibssfble to limit vibrations that propagate
from the inner wall part 21 to the outer wall p22tthrough the airtight space. In
addition, if the airtight space between the innallwart 21 and the outer wall part 22 is
a negative pressure, stress is applied to the imakkipart 21 as a result of the inner wall
part 21 being pulled to the outer wall part 22 sid&herefore, it is possible to
effectively limit wraparound vibrations.

[0125]

Additionally, even in a case in which the airtigipace between the inner wall
part 21 and the outer wall part 22 is not a neggtressure (that is, a case in which a gas
such as air is sealed inside the airtight spac®)eghe gaseous matter inside the airtight
space acts as a damper, it is possible to limratitns that propagate from the inner wall
part 21 to the outer wall part 22 through the gintispace to a certain extent.

[0126]

In addition, in the same manner as the speakathiltie above-mentioned basic
configuration, in the speaker 1E of the presentgta also, at least part of the speaker

unit 10 is disposed in the space on the inneraidiee inner wall part 21, and comes into
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contact with and is supported by the inner walt @arin a direction that has a direction
(in the present example, a direction that runs ftieenaxial centre of the housing 20
toward an outer side) component parallel to thenogesurface 24.

Sixth Example

[0127]

FIG. 21 shows a cross-sectional view that shogigth example of a speaker
according to an embodiment of the present inventiad is a cross-sectional view that
shows a cross-section that corresponds to the-semg®on (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0128]

As shown in FIG. 21, in a speaker 1F of the presgample, a penetration hole
27, which penetrates the inner wall part 21 andbtiter wall part 22 is provided in a part
of the housing 20 (the center of bottom part inghesent example), and a bass-reflex
port 28 is provided inside the penetration hole 2Aowever, even if the penetration
hole 27 and the bass-reflex port 28 are providezlspace between the inner wall part 21
and the outer wall part 22 is an airtight spacd, the housing 20 is a double-walled
structure.

[0129]

In this manner, even if the penetration hole 27 thie bass-reflex port 28 are
provided in the housing 20, it is possible to dffexty limit the propagation of sound
waves through the housing 20 in the same manngyesker with the above-mentioned
basic configuration, and the speakers 1A to 1Eefirst to fifth examples.

[0130]

Additionally, without being limited to the peneiicn hole 27 and the bass-reflex

port 28 mentioned above, as long as the housing 2@ouble-walled structure, any
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modification may be added to the housing 20.

[0131]

In addition, in the same manner as the speakathltine above-mentioned basic
configuration, in the speaker 1F of the presentrgta also, at least part of the speaker
unit 10 is disposed in the space on the innerdidiee inner wall part 21, and comes into
contact with and is supported by the inner walt @arin a direction that has a direction
(in the present example, a direction that runs ftieenaxial centre of the housing 20
toward an outer side) component parallel to thenogesurface 24.

Seventh Example

[0132]

FIG. 22 shows a cross-sectional view that shossvanth example of a speaker
according to an embodiment of the present inventiad is a cross-sectional view that
shows a cross-section that corresponds to the-semg®on (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2. In additiodGF23 shows an exploded perspective
view of the speaker in FIG. 22.

[0133]

As shown in FIGS. 22 and 23, in a speaker 1G@®ptiesent example, the
speaker unit 10 is screwed together with and ipasded by the inner wall part 21.

More specifically, in the speaker 1G of the pres@mple, the speaker unit 10 is fixed
to and supported by the inner wall part 21 as alre$ a screw thread 133, which is
provided on the outer side surface of the unit suppart 13, and a screw thread 213,
which is provided on the inner wall part 21 beiegesved together. At this time, flanks
1331 of the screw thread 133, which is providedhenspeaker unit 10, and flanks 2131
of the screw thread 213, which is provided on tireer wall part 21 abut against one

another. Additionally, “flanks” are surfaces tlsahnect the top and bottom portions of
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the screw threads.

[0134]

In this manner, when the speaker unit 10 is salevgether with and is
supported by the inner wall part 21, it is posstbléreely detach the speaker unit 10
from the housing 20. Therefore, it is possibledarser to obtain a speaker 1G with
properties that match their taste by selectivelyloming favorites from among a variety
of speaker units 10 and housings 20 with diffepoperties. In this instance, in
addition to properties that relate to sound qudfity example, the material of the
vibration plate 11, the volume of a space (thevaiume), which is in a rear section of
the speaker unit 10, and is surrounded by the iwadirpart 21, and the like), external
appearance properties such as color and shapeciérdad in the properties of the
speaker unit 10 and the housing 20.

[0135]

In addition, if the speaker unit 10 is screwecketbgr with and supported by the
inner wall part 21, it is possible to arbitrarilgfjast a support state of the speaker unit 10
depending on the housing 20. For example, it ssitide to reduce the volume of a
space (the air volume), which is in a rear seabibthe speaker unit 10, and is surrounded
by the inner wall part 21 by increasing a screvangpunt of the speaker unit 10, and it is
possible to increase the volume of the space, bygedsing the screwing amount of the
speaker unit 10, or the like. Further, it is pbksto change the resonance state of the
speaker unit 10 by performing this kind of adjustine

[0136]

Additionally, in FIGS. 22 and 23, a structure ihieh the screw threads 133 and
213 are respectively formed with three circuitshewn as an example, but a structure in

which the screw threads 133 and 213 are formedaviljh one or two circuits may also
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be used, and a structure in which the screw thr&d8snd 213 are formed with four
circuits or more may also be used. In additionthmrespective numbers of the screw
threads 133 and 213 may be different. In addifilof|GS. 22 and 23, a case in which
the screw threads 133 and 213 are respectivelg@esiat is one long cylinder, and is
connected, is shown as an example, but the screads 133 and 213 may be a shape
divided midway therethrough, or may be a multigdea form in which the screw
threads are twisted in parallel.

[0137]

In addition, in the same manner as the speakathltine above-mentioned basic
configuration, in the speaker 1G of the presentrgia also, at least part of the speaker
unit 10 is disposed in the space on the innerdidiee inner wall part 21, and comes into
contact with and is supported by the inner walt @arin a direction that has a direction
(in the present example, a direction that runs ftieenaxial centre of the housing 20
toward an outer side) component parallel to thenoygesurface 24.

Eighth Example

[0138]

FIG. 24 shows a cross-sectional view that showsigimth example of a speaker
according to an embodiment of the present invenaod is a cross-sectional view that
shows a cross-section that corresponds to the-semg®n (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0139]

As shown in FIG. 24, in a speaker 1H of the presgample, the speaker unit 10
is screwed together with and is supported by therinvall part 21 in the same manner as
the above-mentioned seventh example. More spaltyficn the speaker 1H of the

present example, the speaker unit 10 is fixed tbsapported by the inner wall part 21 as
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a result of a screw thread 134, which is providedh outer side surface of the unit
support part 13, and a screw thread 214, whichasgiged on the inner wall part 21
being screwed together. At this time, flanks 18#ithe screw thread 134, which is
provided on the speaker unit 10, and the flanksl 2#4he screw thread 214, which is
provided on the inner wall part 21 abut against amather.

[0140]

However, in the speaker 1H of the present exantipéeexternal diameter of the
screw thread 134 of the speaker unit 10 side gtgdoecomes larger from the space on
the inner side of the inner wall part 21 toward dpening surface 24. In addition, in
the speaker 1H of the present example, the intelinaleter of the screw thread 214 of
the inner wall part 21 also gradually becomes laiigen the space on the inner side of
the inner wall part 21 toward the opening surfa¢ead?match the external diameter of the
screw thread 134 of the speaker unit 10 side.

[0141]

In this manner, when external diameter of thevsdheead 134 of the speaker
unit 10 side is set to gradually become larger ftbenspace on the inner side of the inner
wall part 21 toward the opening surface 24, thakeeunit 10 is pressed against the
inner wall part 21 in accordance with screwinghed speaker unit 10. That is, stress
along a direction perpendicular to the inner walltps applied to the inner wall part 21
in accordance with screwing of the speaker unit 18ccordingly, it is possible to
effectively limit wraparound vibrations.

[0142]

Additionally, it is possible to interpret the ethexample as a modification
example of the above-mentioned seventh examplepatiicular, it is possible to

interpret the eighth example as an example thabows the above-mentioned second
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example with the above-mentioned seventh example.

Ninth Example

[0143]

FIG. 25 shows a cross-sectional view that shonisth example of a speaker
according to an embodiment of the present inventiod is a cross-sectional view that
shows a cross-section that corresponds to the-semg®on (the A-A cross-section, refer
to FIG. 1) that is shown in FIG. 2.

[0144]

As shown in FIG. 25, a speaker 11 of the preseairple is a component in
which the neck part 212 (the stepped part) in geaker 1C (refer to FIG. 6) of the third
example is provided in the speaker 1G (refer ta BR} of the seventh embodiment in
which the speaker unit 10 is screwed together arithis supported by the inner wall part
21.

[0145]

However, in the speaker 11 of the present exantipéerespective screw threads
133 and 213 are shapes in which the bottom poraomshick and the top portions are
thin, and are set to have flanks 1331 and 2131¢wduie inclined with respect to a
surface that is perpendicular to a screwing dioacfan up-down direction in the
drawing). More specifically, for example, it isgperable that the screw threads 133 and
213 are screw threads in a triangular screw thoeadtrapezoidal screw thread.

[0146]

In this manner, when the speaker unit 10 comesdontact with the neck part
212 (the stepped part) (in particular, when pressef@stening tightly), stress in a
direction (a direction parallel to the screwingedtion, and runs from the space on the

inner side of the inner wall part 21 toward therdpg surface 24. The upper direction
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in the drawing) opposite to a fastening direct®applied from the neck part 212 to the
speaker unit 10. When this happens, stress ireatiin perpendicular to the flanks
2131 is applied from the flanks 1331 of the scriekead 133 on the speaker unit 10 side
to the flanks 2131 of the screw thread 213 of timer wall part 21 side, which are in
contact with the flanks 1331. At this time, duetie fact that the flanks 2131 of the
screw thread 213 of the inner wall part 21 sideimeckned toward a surface (that is, a
surface that is perpendicular to the inner walt gaj that is perpendicular to the
screwing direction, the stress that has a direc@mnponent perpendicular to the inner
wall part 21 (a direction component that pressesriher wall part 21 against the outer
side). Accordingly, it is possible to effectiveigit wraparound vibrations.

[0147]

Additionally, even in a case in which the necktfzdr2 (the stepped part) is
provided in the speaker 1H (refer to FIG. 24) @& #ibove-mentioned eighth example in
the same manner as the speaker 11 of the presamipds, it is possible to effectively
reduce wraparound vibrations in the same manntireaspeaker 11 of the present
example.

[0148]

<Manufacturing Method>

Next, an example of a manufacturing method ofesmker housing according to
an embodiment of the present invention will be desd with reference to the drawings.
FIGS. 26 to 28 are perspective views that showxamele of a manufacturing method
of a speaker housing according to an embodimetiteopresent invention. In addition,
FIG. 29 is a cross-sectional view of a speaker ingukat is manufactured using the
manufacturing method that is shown in FIGS. 2680 2Additionally, FIGS. 26 to 28

are drawings that show a process in which a housinganufactured in the order of FIG.
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26, FIG. 27 and FIG. 28. In addition, FIG. 29 idrawing that shows a cross-section

that corresponds to the cross-section (the A-Aszeextion, refer to FIG. 1) that is shown
in FIG. 2.

[0149]

In the manufacturing method of the present exaniptly, as shown in FIG. 26,
an inner wall part body part 21X and an inner walit bottom part 21Y are prepared.
The inner wall part body part 21X can, for examplke prepared by joining seams using
welding, soldering or the like after configuringudoe by carrying out a curving process
on a plate material. In addition, the inner walitdoottom part 21Y can, for example,
be prepared by carrying out a drawing process @ata material.

[0150]

At this time, the shape of at least on end pathefinner wall part body part
21X, which is open, and the shape of the end gdhteoinner wall part bottom part 21Y,
which is open, are configured so as to be equivaleRurther, the inner wall part 21 is
prepared by joining the end parts of the inner walt body part 21X and the inner wall
part bottom part 21Y, the shapes of which wereeeisygely configured to be equivalent,
using welding, soldering or the like.

[0151]

Next, as shown in FIG. 27, an outer wall part bpdst 22X is prepared. The
outer wall part body part 22X can, for examplepbgpared by joining seams using
welding, soldering or the like after configuringudoe by carrying out a curving process
on a plate material in the same manner as the wakkpart body part 21X, and further
carrying out a drawing process on one end paretier

[0152]

Further, the inner wall part 21 is inserted irfte space on an inner side of the
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outer wall part body part 22X so as to form nesttle where the end part of the outer
wall part body part 22X, the opening of which isroav, and the end part of the inner
wall part 21 which is open are aligned. Furthee, énd part of the outer wall part body
part 22X, the opening of which is narrow, and thd part of the inner wall part 21
which is open are integrated and joined using weldsoldering or the like. As a result
of this, the rim part 23 is formed. Additionaltize rim part 23 that is formed in the
manufacturing method of the present example fohmasame shape as the rim part 231
of the above-mentioned fourth example (refer to. FIG

[0153]

Next, as shown in FIG. 28, the outer wall partdrotpart 22Y is prepared. For
example, the outer wall part bottom part 22Y campiagpared by carrying out a drawing
process and an inverted drawing process in ordermate material. Further, a folded
back portion of the external circumference of theeowall part bottom part 22Y is
joined to an inner side of the outer wall part bpdyt 22X using welding, soldering or
the like after the end part of the outer wall gmottom part 22Y which is open, has been
inserted from an end part side on which the rint parof the outer wall part body part
22X is not formed. A housing 20 such as that showWRG. 29 is prepared by the
above-mentioned process.

[0154]

Additionally, the manufacturing method of the hiags20, which is shown in
FIGS. 26 to 28 is merely an example, and it is ipbs$o manufacture the housing 20
using methods other than this method.

[0155]

<Modification Examples>

In the descriptions of the above-mentioned spaakemnd 1A to 11 and the
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manufacturing method of the housing, housings 20hith cross-sections of the inner
wall part 21 and the outer wall part 22 are circblattomed tubes, and the axial centre of
the inner wall part 21 passes through the openunfigee 24 are shown as examples.
However, the shape of the inner wall part 21 amdotlter wall part 22 is not limited to
this example. For example, a housing 20 in whiehaxial centre of the inner wall part
21 does not pass through the opening surface 24ateaye used. More specifically,
for example, a bottomed tube housing 20 in whiehitibernal diameter of the opening
surface 24 (the rim part 23) is smaller than therimal diameter of the body part of the
inner wall part 21, and the opening surface 24 fiilepart 23) is in an eccentric position,
which is shifted from the axial centre of the inm&ll part 21, may also be used.
Furthermore, the shape of the inner wall part 21.tae outer wall part 22 is not limited
to a bottomed tube in which a cross-section isutarg and any shape may also be used.
More specifically, for example, a bottomed tubevimch a cross-section is elliptical,
polygonal or the like, may be used, and a shape asi@ bombshell type in which the
bottom is not flat, may also be used.

[0156]

In addition, in the above-mentioned speakers 1laktb 11, the outer side
surface of the unit support part 13 is formed m&hape that does not come into contact
with the rim part 23 (a shape in which the extediaimeter in the vicinity of the rim part
23 becomes patrtially smaller) in order to limitestit vibrations. However, the shape of
the outer side surface of the unit support palis It limited to this example, and may
adopt a shape that comes into contact with thgparm23.

[0157]

In addition, in the above-mentioned speakers 11atb 11, a description in

which the rim parts 23 and 231 are formed by jgrand integrating the inner wall part
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21 and the outer wall part 22 using welding, sofdgor the like, was given, but the
joining method thereof may be any joining methoMore specifically, for example, the
rim parts 23 and 231 may be formed by curving aretlapping the respective end parts
of the inner wall part 21 and the outer wall p&tf@ce-to-face or with the same
orientation, and joining the overlapping portiorssng welding, soldering or the like. In
addition, for example, the rim parts 23 and 231 ip&yormed by curving one of the end
parts of the inner wall part 21 and the outer \palt 22, causing the above-mentioned
end part to abut against the other end part atesirface, and joining the abutting
portions using welding, soldering or the like. aldition, for example, the rim parts 23
and 231 may be formed by overlapping either ongoth of the inner wall part 21 and
the outer wall part 22 with an end part throughv/mg in a crank form, and joining the
overlapping portions using welding, soldering a like. In addition, for example, the
rim parts 23 and 231 may be formed by disposingterial for cross-linking at
respectively separate end parts of the inner veatl 21 and the outer wall part 22, and
joining using welding, soldering or the like.

[0158]

Furthermore, it is also possible to form the riantp 23 and 231 are without
joining the inner wall part 21 and the outer wall@2. For example, the rim parts 23
and 231 may be formed without joining being necgssy performing a drawing
process and a curving process on a single platermlatvhich is originally integral. In
this case, a site other than the rim parts 23 8id2ay be joined using welding,
soldering or the like according to necessity.

[0159]

In addition, in the above-mentioned speakers 1laktb 11, the speaker unit 10

has a structure that only comes into contact véhinner wall part 21 and does not come
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into contact with the outer wall part 22, but thregent invention is not rule out a
structure in which the speaker unit 10 comes iotdtact with the outer wall part 22.

For example, a structure in which a part of theakpeunit 10 comes into contact with
the outer wall part 22 when the speaker unit 10eimto contact with and is supported
by the inner wall part 21, may also be used. Hmesuch a structure, as long as the
speaker unit 10 mainly comes into contact with snslpported by the inner wall part 21,
it is possible to sufficiently limit direct vibratns since it is possible to keep contact
between the speaker unit 10 and the outer wall32atb a minimum.

[0160]

In addition, if necessary, for example, elastidibe for limiting vibrations may
be provided between the speaker unit 10 and thsilg@20. However, since the
speaker 1 in an embodiment of the present invemiarstructure that is capable of
limiting the propagation of sound waves throughhbasing, a small quantity of elastic
bodies is sufficient as the elastic bodies thatkhbe provided. For example, in the
above-mentioned manner, in a case of a speakehnishwontact between the speaker
unit 10 and the outer wall part 22 is permittedset bodies may be provided between
the speaker unit 10 and the outer wall part 22.thiscase, it is possible to further limit
direct vibrations.

[0161]

In addition, the speaker unit 10 may have a comfigon that is provided with a
baffle plate. For example, the speaker unit 10 haaxe a configuration in which a
baffle plate is provided at an end part of a fodwside thereof, and in the periphery of
the vibration plate 11. In this case, the bafflgforms a part of the speaker unit 10.
In addition, in this case, the baffle plate mayriiegral with the unit support part 13, and

may come into contact with and be supported byrther wall part 21.
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Industrial Applicability

[0162]

Although the speakers and the speaker housingegfresent invention are
provided with a simple configuration, it is possilbb limit both wraparound vibrations
and direct vibrations. Therefore, it is possilddimit the propagation of sound waves

through the housing.

Reference Signs List
[0163]
1,1ATO 1I SPEAKER
10 SPEAKER UNIT
11 VIBRATION PLATE
111 CENTER CAP
12 DRIVING PART
13 UNIT SUPPORT PART
131 CONCAVE PART
132 TAPERED SURFACE
133,134 SCREW THREAD (SPEAKER UNIT SIDE)
1331, 1341 FLANKS
14 EDGE PART
20 HOUSING
21 INNER WALL PART
211 CONVEX PART
212 NECK PART (STEPPED PART)

213,214 SCREW THREAD (INNER WALL PART SIDE)
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2131, 2141 FLANKS

21X INNER WALL PART BODY PART
21Y INNER WALL PART BOTTOM PART
22 OUTER WALL PART

221 VENTILATION OPENING

22X OUTER WALL PART BODY PART
22Y OUTER WALL PART BOTTOM PART
23,231 RIM PART

24 OPENING SURFACE

25 SEALING MATERIAL

26 PROTECTIVE PLATE

27 PENETRATION HOLE

28 BASS-REFLEX PORT



10

15

20

25

56
CLAIMS

1. A speaker comprising:

a speaker unit; and

a housing,

wherein the housing is a double-walled structbes is provided with an inner
wall part, a part of which is open, and which hapace on an inner side thereof, and an
outer wall part, a part of which is open, and incktthe inner wall part is disposed in a
space on an inner side of the outer wall part,

wherein respective open end parts of the innelrpeat and the outer wall part
are integrated to form a rim part,

wherein an airtight space is formed between therimvall part and the outer
wall part, and

wherein at least a part of the speaker unit cantesontact with and is
supported by the inner wall part in the space enrher side of the inner wall part, in a
direction parallel to an opening surface, which &iasuter circumference formed by the

rim part.

2. The speaker according to Claim 1,

wherein at least a part of the speaker unit cantescontact with and is
supported by the inner wall part in the space enrher side of the inner wall part, and
at a position spaced apart from the rim part, and

wherein a shape of the rim part in a cross-se@@pendicular to the opening

surface is a V-shape.



10

15

20

25

57

3. The speaker according to Claim 2,
wherein the shape of the rim part in a cross-segierpendicular to the opening
surface is a V-shape folded back by protrudingidatthe airtight space surrounded by

the inner wall part and the outer wall part.

4. The speaker according to Claim 2 or 3,
wherein the shape of the rim part in a cross-segierpendicular to the opening

surface is a V-shape folded once only.

5. The speaker according to any one of Claims4, to
wherein the shape of the rim part in a cross-segierpendicular to the opening

surface is a V-shape folded at an angle smaller Ti04.

6. The speaker according to any one of Claims3, to
wherein the speaker unit comprises a vibratiotepkadriving part that causes
the vibration plate to vibrate by driving the viboa plate depending on an input
electrical signal, and a unit support part thatpsufs at least the driving part, and
wherein the unit support part comes into contattt and is supported by the

inner wall part.

7. The speaker according to Claim 6,

wherein when a direction that runs from the opegrsiarface toward the space on
the inner side of the inner wall part is set asaward direction, and a direction opposite
to the rearward direction is set as a forward dioec at least a part of the unit support

part comes into contact with and is supported kyirther wall part at a position further
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rearward than an end part of the front sectiomefvibration plate.

8. The speaker according to any one of Claims7, to

wherein when a direction that runs from the opersinrface toward the space on
the inner side of the inner wall part is set asaward direction, and a direction opposite
to the rearward direction is set as a forward dive¢ an end part of a front section of the

speaker unit is positioned further forward thanrihepart.

9. The speaker according to 8,
wherein an outer edge of the speaker unit extapds the front section of the

rim part, and is spaced apart from the rim part.

10. The speaker according to any one of Clainms9d, t
wherein at least a part of the speaker unit cantesontact with and is
supported in the space on the inner side of therimall part in a state of being pressed

against the inner wall part along a direction gatab the opening surface.

11. The speaker according to any one of Claints 10t
wherein at least a part of an outer side surfatieeospeaker unit inserted into
the space on the inner side of the inner wall pamtes into contact with and is supported

by the inner wall part opposed thereto.

12. The speaker according to any one of Claints11L{
wherein a shape of a cross-section of a portidhetpeaker unit inserted into

the space on the inner side of the inner wall pentch is parallel to the opening surface,
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gradually becomes larger from the space on the side of the inner wall part toward

the opening surface.

13. The speaker according to any one of Clainos12{
wherein the inner wall part is a bottomed tubel an axial center of the inner

wall part passes through the opening surface.

14. The speaker according to any one of Clainus 113t

wherein the inner wall part comprises a steppetivpisich protrudes toward the
inside of the inner wall part, and

the speaker unit is supported by the inner wall ipaa state where an end part
of the speaker unit inserted in the space on theriside of the inner wall part, abuts

against the stepped part.

15. The speaker according to any one of Claints14t
wherein an air pressure of the airtight space detwhe inner wall part and the

outer wall part is lower than atmospheric pressure.

16. The speaker according to any one of Claints15t
wherein at least a part of the speaker unit isveed together with and is

supported by the inner wall part.

17. The speaker according to Claim 16,
wherein an external diameter of a screw threadgiwis provided in the speaker

unit and screws together with the inner wall pgradually becomes larger from the
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space on the inner side of the inner wall part tovilae opening surface.

18. The speaker according to Claim 16 or 17,

wherein the inner wall part comprises a steppetivpisich protrudes toward the
inside of the space on the inner side,

a screw thread, which is provided in the speakérand screws together with
the inner wall part, and a screw thread, whichrav/iged in the inner wall part and
screws together with the speaker unit, respectiveliyde flanks, inclined with respect
to a surface perpendicular to a screwing directiol,

the speaker unit is supported by the inner wall ipaa state where an end part
of the speaker unit which is inserted in the spacéhe inner side of the inner wall part,

abuts against the stepped part.

19. A speaker housing which is a double-walledcstire comprising:

an inner wall part, a part of which is open, aridol has a space on an inner
side thereof; and

an outer wall part, a part of which is open, an@/hich the inner wall part is
disposed in a space on an inner side of the owémpart,

wherein respective open end parts of the innerpeat and the outer wall part
are integrated to form a rim part,

wherein an airtight space is formed between therimvall part and the outer
wall part, and

wherein a support structure for causing at legstraof the speaker unit to come
into contact with and be supported by the innet pait in the space on the inner side of

the inner wall part, in a direction parallel to@rening surface, which has an outer
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circumference formed by the rim part, is providedhe inner wall part.



