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(57) Abréege/Abstract:

A diaphragm for use with an electro-acoustic transducer includes a diaphragm portion, an edge portion and a supporting portion.
The diaphragm portion Is molded by a synthetic resin material, such as polypropylene or the like. The edge portion Is molded
Integrally with the supporting portion by a thermoplastic synthetic resin material and provided at the outer peripheral side of the
diaphragm portion. The edge portion iIs molded integrally with the diaphragm portion by dichromatic molding.
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ABSTRACT OF THE DISCLOSURE

A diaphragm for use with an electro-acoustic
transducer includes a diaphragm portion, an edge portion and a
supporting portion. The diaphragm portion is molded by a
synthetic resin ma{:erial, such as polypropylene or the like.

The edge portion is molded integrally with the supporting
portion by a thermoplastic synthetic res‘in material and provided
at the outer peripheral side of the diaphragm portion. The edge
portion is molded integrally with the diaphragm portion by

dichromatic molding.
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DIAPHRAGM FOR USE WITH AN ELECTRO-~ACOUSTIC TRANSDUCER
AND METHOD OF PRODUCING THE SAME
BACKGROUND
1. Field of the Invention:

The present invention relates to a diaphragm for use
with an electro-acoustic transducer and a method of producing
the same and, more particularly, to a diaphragm for use with an
electro-acoustic transducer and a method of producing the same
by using synthetic resin materials.

2. Background of the Invention:

A method of producing a diaphragm for use with an
electro-acoustic transducer which becomes a premise of the
present invention will be described below with reference to
FIGURES la to 1d and FIGURES 2a to 2c of the accompanying
drawings. 'I"he above-mentioned diaphragm for use with an
electro-acoustic trarisducer Will be referred to hereinafter
simply as "diaphragm". |

Ihitially, a member 31 of substantially trtincated cone
configuration shown in FIGURE 1a:is produced. The substantially
truncated cone-shaped'member -Bl.is produced by .some sultable
methods, such as‘ sheet-making of 'paper' end pulp, pressing of
polymer film under heating or"injection-molding of olefin
thermoplasti'ciresin. The substantially truncated cone-shaped
member 31 is cut out' at its poitien*s_hown by a one—det chain
line 1in FIGURE la to provide an Qutez: diameter portion 32 and a
bottom portion 33. As a reeult, the member 31 is manufactured

as a cone-shaped diaphragm member 34 shown in FIGURE 1b.



2126526

A member 37 of substantlially saucer configuration
shown in FIGURE lc is produced by heating and molding a
material, such as cotton cloth, rubber, polyurethan foam,

elastomer or the like. The substantially saucer-shaped member

37 1s cut out at its positions of diameters ¢A and ¢B shown by

one-dot chain lines in FIGURE lc to provide an outer peripheral
portion and an inner peripheral portion..

As a consequence, the substantially saucer-shaped
member 37 1s manufactured as an annular-shaped edge member 38
shown in FIGURE ld. The edge member 38 includes an edge portion
38a of substantially U-shaped cross section. To join the
diaphragm member 34 and the edge member 38 thus formed, the
diaphragm member 34 is coated at its outer surface portion of
the outer peripheral side with an adhesive 35 as shown in FIGURE
2a. Then, the edge member 38 is positioned on a mold 41 by
- engaging thé edge portion. 38a of the edge member 38 with a
protrusion 4la of the mold 4 1 'of the molds 40 and 41. Under |
| th‘is condition, an opening portion 34a of the diaphragm member
34 is fitted into a columnar portion 41a by .d.Oanardly inserting
the diaphragm. member. 34 into t_he mold 41. The diaphragm member
34 is positioned on .the mold 41 -‘Subsequently, the mold is
closed b'y lowgz'ring the mo,ld ‘40. of t.he' molds 40, 41 1n FIGURE 2b,
and the diaphragm 34 and the_edgé member 38 are pressed. 1In
this case, the molds 40, 41 are heated _a;t a predetermined
temperature, the adhesive 35 is cured under pre-séure produced
.when the molds 40, 41 are pressed. Consequently, as shown in

FIGURE 2c¢, the diaphragm member 3‘"4 and the edge member 38 are
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joined together.

According to the method of producing a diaphragm shown
in FIGURES la to 1d and FIGURES 2a to 2c, the diaphragm member
34 and the edge member 38 are produced separately, and the -
diaphragm member 34 and the edge member 38 are manufactured as
the predetermined shapes, whereafter the diaphragm member 34 and
the edge member 38 are bonded together by the adhesive 35.

When however the diaphragm member 34 is made of olefin
thermoplastic resin and the edge member 38 is made of synthétic
rubber or elastomer, a pre-treatment should be carried out in
order to improve an adhesive property. In the pre-treatment,
after the diaphragm member 34 and the edgemember'38 are
manufactured as the predéterminedshapés, either or both of the
diaphragm member 34 and the edge member 38 are coated with a
primer, whereafter the adhesive 35'is coated on the diaphragm
member 34 and the diaphragm member 34 and the_edge:member 38 are
bonded together by'means of the adhesive 35. Therefore, the
number of manufacturing proceéses 1 increased, 'which
unavoidably.increases the manufacturing cost of the diéphragm,

. Whenthe'diaphragm member 34 and the edge:member‘38'
are bonded together, 'the' diaphragm ‘member 34 and_' the edge member
38‘shou1dbe bonded‘under thé éonditionfthat a center of.the'
diaphragm.member 34 and a centerfof the edge member 38 are '
coincident with each other. ‘Ithhe Ceﬁterfof the diaphragm,
member'34 and'the center of thé edgemember 38 aré displaced
from each other after -th.e' .diaph:r:agm' member 34 and the edge

member 38 are bonded together / then the diaphragm cannot be
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vibrated correctly. Particularly, in the speaker apparatus of
dynamic type, when the diaphragm is displaced in position, a
voice coil bobbin that is attached to the diaphragm member also
1s displaced in position. There 1s then the new problem that a
magnetic circuit is disturbed by the voice coil bobbin.

From an acoustic characteristic standpoint of the
diaphragm, since the adhesive is interposed at the portion in
which the outer peripheral edge of the d}.aphragm memper and the
inner peripheral edge of the edge member are bonded, the
acoustic characteristic of thé diaphragm and the quality of the
diaphragm are influenced by the Cured state of the adhesive and
the types of the adhesives or'the joined state of the diaphragm
member and the edge member. As a result, the characteristic of
the diaphragm thus mass-produced tends to become irregular.
Therefore, it becomes impossible to obtain a diaphragm of‘high
reliability. Moreover, when the diaphragm thus produced is
used, it becomes impossible.to.mass-produce speaker apparatus of

uniform tone gquality.

SUMMARY OF THE INVENTION
It is, therefore, an object of the present invention
tO provide a diaphragm.for use'With:an eléctrouacoustic
transducer in which the abbve—mentionedproblemsfcan be solved.
It'is another_object of thé present invention to
provide a method of producing adiaphragm f6r use with an
electro-acoustic transducer'inﬁwhich the avae—mentiohed

problems can be solved.

According to the present invention, there is provided
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a diaphragm for use with an electro-acoustic transducer which
includes a diaphragm portion and an edge portion. The edge
portion is provided at the outer peripheral side of the
diaphragm portion. The edge portion is molded integrally with
the diaphragm portion by dichromatic molding.

According to the present invention, there is provided
a method of molding a diaphragm for use with an electro-acoustic
transducer which includes a diaphragmgpéftion, an edge portion
provided at the outer peripheral side of the diaphragm portion
and a supporting portion for supporting the edge portion. This
molding'method includes a first process and a second process.
According to the first process, at least any one of the
diaphragm portion and the edge portion is molded with a first
cavity of a metallic mold by.injection molding of a first
synthetic resin material. According to the second process, the
other of the diaphragm portion and the edge portion is molded to
a portion molded by the first.proceSS with a second cavity of
the metallic mold by-injectionpmolding of a SeCOnd synthetic
resin material. '

In accordance with the preéent invention, since the
diaphragm.portion and the edge portion of the diaphragm for use
with an electro-acoustic transdﬁcer are integrally molded by
dichrbmatic mélding,it‘becomeS'possibletomold.respective
portions of the edge pbrtion and the diaphragm por£ion by
materials selected.fromumateriaIS'whichcan satisfy
characteristics'of the.respectivejportions. Further, since the

edge portion and the diaphragm.portion are integrally molded
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with each other by dichromatic molding, it becomes possible to
simplify the manufacturing process of the diaphragm. Also, it
becomes possible to prevent the edge portion and the diaphragm
portion from being detached when an adhesive for bonding the
edge portion and the diaphragm portion is deteriorated.
Furthermore, since the edge portion and the diaphragm portion
are molded integrally, it is possible to prevent the center of
the edge portion and the center of the diaphragm.portion from
being displaced from each other. According to the present
invention, since a substance, such as an adhésive or the like,
is not interposed between the edge portion and the.diaphragm
portion, it is possible to avoid a frequency characteristic from
being deteriorated.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more readily uhderstood
with reference to the accompanying drawings, wherein:

FIGURES la thrmigh 1ld show manufacturing processes of
- a diaphragm.membet'and an.edge‘membér of a diaphragﬁ.for an
electro:agoqstic-transducer'which bécomes'a premise Qf the
present‘invention, in which:

FIGURE la 1is a'cross-seCtional'vieW'showing.a CroOSs
section of a member of substantially truncated cone
configuratiohkobtained afierthefmanufacturing procéss;

FIGURE 1b is a cfoséusectional view showing a cross
section of a cone-shaped diaphragm member;

'FIGURE lc is a cr,ossesectional view showing a cross

section of a substantially saucer-shaped member; and
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FIGURE 1d is a cross-sectional view showing a cross
section of an edge member:

FIGURES Z2a to 2c¢ show manufacturing processes of a
diaphragm, in which:

FIGURE 2a is a cross-sectional view showing the state
that an adhesive 1s coated on the diaphragm member:

FIGURE 2b is a cross-sectional view showing the state
that the diaphragm member and the edge member are attached to
the molds; and

FIGURE 2C is a cross-sectional view showing the
diaphragm obtained after the molds were bonded;

FIGURES 3a and 3b show a diaphragm for use with an
electro-acoustic transducer according to the present invention
and a speaker apparatus using the diaphragm according to the
present invention, in which:

'_FIGURE 3a is a cr_c)ss-sectional view showing a cross
section of the diaphragm_ according to the present. invention; and

FIGURE 3b 1is a crossﬁse‘ctionnal view SChematically
showing an arrangement"of a speake'r apparatus serving as the
electro-acoustic transducer using.the di'aphragm accoi:din'g to the
present iniréntion ; ' '

.FIGURES 4a to 4c are cross-sectional views showing the
'mdldihg proc{eéses of the diaphragm according to the present
_invention;

FIGURE 4a 1s a crossé.sect.ional view used to explain' a
'schematic arrangement of a molding metallic mold;. '

FIGURE 4b is a cross-sectional view showing the state
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that a diaphragm portion is molded; and

FIGURE 4c 1is a cross-sectional view showing the state
that an edge portion and a gasket portion are molded;

FIGURE 5 is a cross-sectional view showing a diaphragm
taken out from the molding metallic mold; and

FIGURE 6 is an enlarged fragmentary cross-sectional
view showing a joined portion of the diaphragm according to the
present invention. |

DESCRIPTION OF THE PREFERRED EMBODIMENT

A diaphragm for use with an electro-acoustic
transducer (referred to hereinafter simply as "diaphragm") and a
method of producing the same according to an embodiment of the
present invention will be described below with reference to the
drawings.

The embodiment of the present invention will be
desci‘ibed hereinaftér on the as‘sumption that the diaphragm is
used as the diaphragm of the speaker appar'atus. |

FIGURE 3a shows'a Cross section éf a"diaphragm
according to the. embodimeht of the preseﬁt invention. As shown
- in FIGURE 3a, there is provided' a cone'-Shaped diaphragm portion
1. The cone-shaped diaphragm por{:ion 1 'includes at one end
thereof 'a joint portion la whose '.inner- surface of large .diameter
opehintj port’ién 1s jbined with lah edge portion, 'which will be
described’later on, and also includes on the other end thereof'
an attachment portion 1b of 'thef small-diaméter opening portion
to which a voice coil bobbin ( notshown)'is attached. The

diaphragm portion 1 is formed by injection molding of
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polypropylene (PP) of polyolefin resin.

An edge portion 2 includes a displacement portion 2a
of substantially U-shaped cross section and a joined portion 2b
which is joined to the joint portion la of the diaphragm portion
1. The joint portion la of the diaphragm portion 1 and the
joined portion 2b of the edge portion 2 are joined together by
molding which will be described later on, thereby constructing a
joint portion 4 which joins the diaphraém.portion 1 and the edge
portion 2. The diaphragm portion 1 can be translated by the
displacement portion 2a of the edge portion 2 in the upper and
lower direction in FIGURE 3a. ‘

A gasket portion 3 is integrally provided on the outer
peripheral side of the edge portion 2 through the edge portion 2
and a thin portion. The gasket portion 3 is attached to the
upper surface of the frame of the speaker'apparatus (not shown).

The edge portion 2 and the gasket portion 3 are
integrally:molded-together'by using-séturated thermoplastic
elastomer. The saturated'thermoplastic elastomer can be molded
by injection molding and éxtrUsion.molding by a standard plaStic
molding machine and can bemelted'withthe'material of the .
diaphragm portion 1, i.e., polyp:OPylene sat.isfactorily.

An arrangement of a speaker apparatus using the
diaphragmlthué arranged*will be described below with reference
to FIGURE 3Db. ‘ '

As shown in FIGURE 3b, a voice coil bobbin 20 is
Jjoined to the attachment portion'la of-the-diaphragm.portion 1.

The voice coll bobbin 20 is inserted into a gap of a magnetic
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circuit 21. The magnetic circuit 21 includes a permanent magnet
2la, a yoke 21b having a center pole 2l1c and a top plate 21d.
The top plate 21d is disposed in an opposing relation to a voice
coil 20a wound around the voice coil bobbin 20. The voice coil
20a 1is supplied with an input signal through a litz wire (not
shown). The permanent magnet 2la is disposed between the yoke
21b and the top plate 21d. A frame 22 is attached on the top
plate 21d, and the frame 22 has on its uéper surface portion
bonded the gasket portion 3 by an adhesive 24. A damper 23 is
disposed between the joined portion of the diaphragm portion 1
and the voice coil bobbin 20'or the nearby position and the
frame 22. The damper 23 and the displacement portion 2a of the
edge portion 2 support the diaphragm such that the diaphragm can
be slid in the upper and lower direction shown in FIGURE 3b. As
a consequence, the diaphragm.is vibrated'by a driving force
generated by the:maghetic circuit 21 and the voice coil 20a of
the voice coil bobbin 20 in the upper and lower direction shown
in FIGURE 3Db.

' A method of molding the above-mentioned diaphragm will
bhe described with referenCe to FIGURES 4a to dc.

FIGURE 4a shows a chss-section of a:moldingmetallic
mold. As shown in FIGURE 4&,'thémolding metallic:mold'COmprises
a first metaliicmold 5,.a second metallic mold 6 and a third
metallic mold 7 of acore-back.type. The.first and seCond.
metallic molds 5 andSConstitute a first cavity 8 by which the
diéphragm.portion.l ismolded.;The.first metallic:mold 5

includes a primary gate 9.through'which a molding material of

10
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the diaphragm portion 1 is injected into the first cavity 8.

The first and third metallic molds 5 and 7 constitute
a second cavity 10 by which the edge portion 2 is molded. The
inner peripheral portion of the third metallic mold 7 forms a
part of the first cavity 8 which molds the diaphragm portion 1.
The first, second and third metallic molds 5, 6 and 7 constitute
a third cavity 11 which molds fhe gasket portion 3. The second
metallic mold 6 includes a secondary gafé 12 through which the
molding material of the edgeportion 2 and the gasket portion 3
are injected into the second and third cavities 10 and 11. -

The diaphragm is molded according to the following
processes.

Initially, the diaphragm portion 1 is molded by
injecting the molding material made of polypropylene into the
.first cavity 8 from the primary" gate 9. At that time, the third
metallic mold 7 is brought in contact With'the first metallic
mold 5 at a portion shown by reference numeral 13 in'FIGURES 4a
and 4b and the first cavity 8 is formed of the-first} second and
third I‘ne.tal'lic molds 5, 6 and? SO that the first cavity 8 and
the second cavity 10 are isolatedfromLeach othei,“thereby'
preventing the moldingmaterial,injected.intO'thé first cavity 8
from being flowed into:thé Second'caVity,lo. '

. .Afﬁér the diaphragm.pbition 1 is molded, the edge
portion 2 andthe.gasket portion 3are~molded'befbre’the:molding
'material.that‘was injected into the'first'cavity-8'tomold the
diaphragm;portion.l is solidified cémpletely; Specifically,

‘after the diaphragm portion 1 iS‘moldéd; the third metallic mold

11
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7 is slid backwardly within 10 seconds, for example, as shown in
FIGURE 4c, and the edge portion 2 and the gasket portion 3 are
molded by injecting the molding material made of saturated
thermoplastic elastomer into the second and third cavities 10,
11 from the secondary gate 12. At that time, the molding
material that was injected into the second cavity 10 is brought
in contact with the joint portion la of the diaphragm portion 1
that was previously molded within the first cavity 8. The
molding material injected into the second cavity 10 and which is
in contact with the joint portion la of the diaphragm.portion 1
is melted with the material of the diaphragm portion 1 and
therefore the edge portion 2 and the diaphragm portion 1 are
combined under the condition that the molding material is fully
golidified. 1In this way, the molding operation of the diaphragm
portion 1, the edge portion 2 and the gasket portion 3 1s ended.

After the diaphragm;portiOn_l, the edge portion 2 and
the gasket portion 3 are solidified since the edge portion 2 and
the gasket'portion,B‘were molded, the molding metallic mold is
',opened and the diaphragm.is'detaéhed from the mblding.metallic‘
mold} The diaphragm taken out frdm.the,molding'metallicmold
includes a base portion 1c to ciosetheopeningportion of the
attachm@nt portion lb as shown in FIGURE 5. The base portion 1lc
is cut out from the diaphiagm,at.the position shoWn by.a one-dot
chain line in FIGURE 5 so-that'the*diaphragm.in which the .
diaphragm portion 1, the.edgé portion 2'and~the gasket portion 3
are molded integrally as shown in FIGURE 3a is produced.

The diaphragm thus molded aﬁdproduced according to

12
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the present invention can solve the problem that the center of
the diaphragm portion 1 and the center of the edge portion 2 are
displaced from each other unlike the diaphragm produced
according to the processes shown in FIGURES la to 1d and FIGURES
Za to 2c¢c. Moreover, the quality of the mass-produced diaphragms
can be kept constant. Further, the bonding of the edge portion,
the gasket portion or the like need not be carried out and
therefore the number of processes requiféd when an electro-
acoustic transducer like the speaker apparatus is assembled can
be reduced, thereby‘the:manufaCturing*cost being decreased.

In the diaphrégm aCCCrding to the present invention,
the third metallic mold 7 constructing a part of the first
cavity 8 includes concave and convex surfaces. Then, when the
diaphragm portion 1 is molded by the first cavity 8, the
diaphragm portion 1 has at its portion corresponding to the
concave and convex surfaCes of the third:metallic mold 7 formed
concave and convex portions. When the'edge portion 2 is molded
by the secondarymoldiﬁg; the:moldingmaterial of the edge
portion 2 is melted with the concave and chvex portions of the
diaphragm portion 1 and'united'ﬁith thediaphragm.portion 1.
Thus, as shown in FIGURE'G,.an,aréa of the joint portion 4 in
which the diaphragm 1 ahd'the edgé portion'z are melted with
each other can be increasedtandiamechanical strength of the
joixit portion 4 can be improved. ‘

While the di'aph'ragm p-orﬁion 1 is made of polypropylene
(PP) as described above, the present invention is not limited

thereto and olefin thermoplastic resins can be widely applied to

13
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the diaphragm portion 1.

The material of the edge portion 2 and the gasket
portion 3 is not limited to the aforesaid materials and olefin
elastomer and synthetic rubber may be used.

Further, while the diaphragm portion 1 is molded prior
to the edge portion 2 and the gasket portion 3 according to the
molding method of the present invention, the present invention
is not limited thereto and the follcwiné.variants are also
possible. That is, the edge portion 2 and the gasket portion 3
may be molded prior to the diaphragm portion 1 and the diaphragm
portion 1 is molded later. FurthermOre, the edge portion 2 and
the gasket portion 3 may be molded by different kinds of
materials according to dichromatic molding, thereby enlarging a
scope 1in which the materials of the gasket portion 3 can be
selected. .

Having described a preferred embodiment of the
invention with reference to the accompanying drawings, it is to
be understood that the inventien.is-ﬁot limited thereto and that
various changes and modifications couldbeieffected therein by
one skilled in the art'wiihout departing from the spirit or

scope of the invention as defined in the'appended claims.

14
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of molding a diaphragm for use with an
electro-acoustic transducer having a diaphragm portion, an

edge portion provided at an outer peripheral side of said

diaphragm portion and a supporting portion for supporting
salid edge portion comprising:

a first process for molding at least any one of said
diaphragm portion and said edge portion with a first cavity
of a metallic mold by injection molding of a first
synthetic resin material; and

a second process for molding the other of said
diaphragm portion and said edge portion to a portion molded
by said first process with a second cavity of said metallic
mold by injection molding of a second synthetic resin
material, wherein said mold for said second cavity 1s
partially open when said injection molding takes place 1in
said first cavity, and said mold for said second cavity 1s

fully open when said injection molding takes place 1in said

second cavity.

15
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FIGURE 3a
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