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(54) SPEAKER DIAPHRAGM AND METHOD FOR PRODUCING SPEAKER DIAPHRAGM

(57) An object of the present invention is to provide a
speaker diaphragm capable of uniformly increasing ri-
gidity over the entire region. A speaker diaphragm 1
according to the present invention includes a substrate
having a resin matrix 2 containing a thermoplastic resin
as a main component; and fibers 3 dispersed in the resin
matrix 2, wherein the fibers 3 are polyparaphenylene
benzobisoxazole fibers, and an average length of the
fibers 3 is 0.5 mm or more and 3.0 mm or less.
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Description

TECHNICAL FIELD

[0001] The embodiments of the present invention relate to a speaker diaphragm and a method for manufacturing a
speaker diaphragm.

BACKGROUND ART

[0002] It is desired that a speaker diaphragmhave high rigidity so that efficient sound generation is enabled. In addition,
the speaker diaphragm is required to have excellent environment resistance, and is desired to havehighwater resistance.
[0003] From such a viewpoint, in recent years, a speaker diaphragm made of a synthetic resin has been proposed in
placeof aspeakerdiaphragmmadeof asheet-formedproduct of awoodpulp.Assuchaspeakerdiaphragm,oneobtained
by impregnating longfiberseachhavinga lengthof 3mm to50mmwitha resinhasbeenproposed (seeJP2004‑15194A).

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0004] Patent Document 1: JP 2004‑15194 A

SUMMARY OF INVENTION

TECHNICAL PROBLEMS

[0005] However, if fiberseachhavinga large lengthare impregnatedwitha resin, as in thespeakerdiaphragmdescribed
in theabovepublication, it is difficult to disperse the fibersuniformly in the resin. Inparticular, in this speaker diaphragm, the
larger the fiber content, the more likely the fibers are to be unevenly distributed in the resin. Therefore, it is difficult to
sufficiently increase the rigidity of the speaker diaphragm over the entire region.
[0006] The embodiments of the present invention have been made under such circumstances, and an object of the
embodiments of the present invention is to provide a speaker diaphragm whose rigidity is uniformly increased over the
entire region and a method for manufacturing the speaker diaphragm.

SOLUTIONS TO PROBLEMS

[0007] One aspect of the present invention made to solve the above problems is a speaker diaphragm including a
substrate having a resin matrix containing a thermoplastic resin as a main component and fibers dispersed in the resin
matrix, in which the fibers are polyparaphenylene benzobisoxazole fibers, and an average length of the fibers is 0.5mmor
more and 3.0 mm or less.
[0008] Further, another aspect of the present inventionmade to solve theaboveproblems is amethod formanufacturing
a speaker diaphragm, including the steps of: extruding a resin composition containing a thermoplastic resin and fibers into
a rod shape; cuttinganextrudedbodyextruded in theextrusion step intopellets; and injection-molding thepellets obtained
in the cutting step, in which the fibers are polyparaphenylene benzobisoxazole fibers, and an average length of the fibers
after the cutting step is 0.5 mm or more and 3.0 mm or less.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a schematic front view of a speaker diaphragm according to an embodiment of the present invention.
Fig. 2 is a cross-sectional view taken along a line A-A of the speaker diaphragm of Fig. 1.
Fig. 3 is a schematic diagram illustrating a dispersed state of fibers in a resinmatrix of the speaker diaphragmof Fig. 1.
Fig. 4 is a flowchart illustrating a method for manufacturing a speaker diaphragm according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Oneaspectof thepresent invention isaspeakerdiaphragm includingasubstratehavinga resinmatrix containing
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a thermoplastic resin as a main component and fibers dispersed in the resin matrix, in which the fibers are polypar-
aphenylene benzobisoxazole fibers, and an average length of the fibers is 0.5 mm or more and 3.0 mm or less.
[0011] In the speaker diaphragm according to the one aspect of the present invention, the fibers dispersed in the resin
matrix are polyparaphenylene benzobisoxazole fibers, and thus the fibers easily increase rigidity sufficiently. Particularly,
in the speaker diaphragm, since the average length of the polyparaphenylene benzobisoxazole fibers is within the above
range, the fibers can be uniformly dispersed in the resin matrix. As a result, in the speaker diaphragm, the rigidity can be
uniformly increased over the entire region.
[0012] The speaker diaphragm preferably has a cone shape.
[0013] In the speaker diaphragm, the substrate preferably has a pair of skin layers that form surface layers on the front
surface side and the back surface side thereof, and a core layer formed between the pair of skin layers.
[0014] The content of the fibers in the substrate is preferably 3% by mass or more and 30% by mass or less.
[0015] In the speaker diaphragm, preferably, the fibers are at least partially in an unbonded state with the resin matrix.
[0016] In the speaker diaphragm, the thermoplastic resin is preferably polypropylene.
[0017] Further, another aspect of the present invention is a method for manufacturing a speaker diaphragm, including
the stepsof: extrudinga resin composition containing a thermoplastic resin and fibers into a rod shape; cutting anextruded
body extruded in the extrusion step into pellets; and injection-molding the pellets obtained in the cutting step, in which the
fibersarepolyparaphenylenebenzobisoxazole fibers, andanaverage lengthof thefibersafter thecuttingstep is0.5mmor
more and 3.0 mm or less.
[0018] Amethod for manufacturing a speaker diaphragm according to another aspect of the present invention includes
injection-molding a speaker diaphragm using pellets obtained by cutting a rod-shaped extruded body containing a
thermoplastic resin and polyparaphenylene benzobisoxazole fibers, and thus, it is possible to manufacture a speaker
diaphragm in which the polyparaphenylene benzobisoxazole fibers are dispersed in the thermoplastic resin sufficiently
and uniformly. Particularly, in the method for manufacturing a speaker diaphragm, the average length of the polypar-
aphenylene benzobisoxazole fibers in the pellets is within the range described above, and thus, in the obtained speaker
diaphragm, the fibers can be uniformly dispersed without being entangled with each other in the thermoplastic resin. A
lumpof fibers isgeneratedby theentanglementof thefibers. Therefore,whenamanufacturingproceduresuchas injection
molding is performed, the flowpath of thematerialmay be clogged by the lumpof fibers.Moreover, since the lumpof fibers
is not uniformly dispersed in the thermoplastic resin, the rigidity of the speaker diaphragm cannot be increased. On the
other hand, by connecting fibers to be spun, it is possible to uniformly disperse the fibers in the thermoplastic resin,
enabling the rigidity of the speaker diaphragm to be increased. That is, according to the method disclosed in the present
specification, it is possible tomanufacture a speaker diaphragm in which the rigidity is uniformly increased over the entire
region.
[0019] In the present invention, the "main component" refers to a component having the highest content in terms of
mass, for example, a content of 50% bymass ormore, preferably 70%bymass ormore, more preferably 90% bymass or
more. The "average length of fibers" refers to an average value of lengths of 10 arbitrary fibers. The "front surface side"
means a sound-emitting direction side, and the "back surface side" means the opposite side thereto. The "surface layer"
refers to a region having a depth of 50 µm or less from the front surface and the back surface of a target object or layer.
[0020] Hereinafter, embodiments of the present invention will be described in detail with reference to the drawings as
appropriate.

[Speaker diaphragm]

[0021] A speaker diaphragm 1 of Figs. 1 to 3 includes a substrate 1a having a resin matrix 2 containing a thermoplastic
resin as a main component and fibers 3 dispersed in the resin matrix 2. The speaker diaphragm 1 is a single body of the
substrate 1a.
[0022] The speaker diaphragm1 can be configured in a shape tailored to a speaker to be used, and has a cone shape in
Figs. 1 and2. That is, the substrate 1ahasa coneshape.When the speaker diaphragm1hasaconeshape, strengthof the
speaker diaphragm1 is further increased. The size of the speaker diaphragm1 can be set in accordancewith a speaker to
be used. The speaker diaphragm may be for a small speaker to be provided in, for example, headphones, earphones,
mobile electronic devices, and/or the like.

<Substrate>

[0023] Thespeakerdiaphragm1 includesasubstrate1ahavinga resinmatrix 2andfibers3dispersed in the resinmatrix
2. The substrate 1a can be formed by injection molding, described later. The substrate 1a may have a pair of skin layers
constituting surface layers on the front surface sideand theback surface side thereof, andacore layer formedbetween the
pair of skin layers.That is, thecore layermaybe interposedbetween thepair of skin layers.Thepair of skin layersare layers
formed from the resin matrix 2 and the fibers 3 in a surface layer portion, which have come into contact with a mold cavity
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and flowed during injection molding. The core layer is a layer formed from the resin matrix 2 and the fibers 3 which have
been relatively slowly cooled and solidified without coming into contact with the mold cavity. In the speaker diaphragm 1,
the fibers 3 may have different orientation directions in the skin layers and the core layer.
[0024] The substrate 1a of the speaker diaphragm 1 (in the present embodiment, the speaker diaphragm 1 itself) has a
substantially uniform thickness. The lower limit of an average thicknessTof the substrate 1a of the speaker diaphragm1 is
preferably 100µm,more preferably 300µm.On the other hand, the upper limit of the average thickness Tof the substrate
1a of the speaker diaphragm 1 is preferably 800 µm, more preferably 650 µm. If the average thickness T is less than the
lower limit, the speaker diaphragm 1may have insufficient rigidity, or the speaker diaphragm 1may be difficult to form by
injection molding. On the contrary, if the average thickness Texceeds the upper limit, the speaker diaphragm 1 may be
unnecessarily heavy. The term "substantially uniform thickness" means that the ratio of the maximum thickness to the
minimum thickness is 1 or more and 1.20 or less. The "average thickness" means an average value of thicknesses at 10
arbitrary points. It should be noted that the ratios described for the above "substantially uniform thickness" are for the
speaker diaphragm having a substantially uniform thickness, and are not applied to the speaker diaphragm intentionally
provided with ribs and the like.

(Resin matrix)

[0025] As described above, the resin matrix 2 contains a thermoplastic resin as a main component. Examples of the
thermoplastic resin include polyethylene, polypropylene, polystyrene, fluororesin, polycarbonate, polysulfone, polyether
sulfone, polyethylene terephthalate, polybutylene terephthalate, polyamide, polyimide, acrylonitrile-butadiene-styrene
resin, and the like. Thesemaybeusedalone, or in a combination of twoormore. Among them, polypropylene is preferable
as the thermoplastic resin. When the thermoplastic resin is polypropylene, a vibration damping rate (internal loss) of the
speaker diaphragm 1 at an audible frequency can be increased. Further, when the thermoplastic resin is polypropylene, it
becomes easy to disperse the fibers 3 in an unbonded state with the resin matrix 2 as described later, thereby further
increasing the vibration damping rate and improving sound reproducibility. The fibers 3 and the resin matrix 2 may be at
least partially in an unbonded state, and the entire surface of the fibers 3may be in an unbonded statewith the resinmatrix
2.

(Fiber)

[0026] The fibers 3 are polyparaphenylene benzobisoxazole fibers. When the fibers 3 of the speaker diaphragm 1 are
the polyparaphenylene benzobisoxazole fibers, it is possible to increase the rigidity while suppressing a decrease in the
vibration damping rate.
[0027] The lower limit of the content of the fibers 3 in the substrate 1a (in other words, the content of the fibers 3 in the
speaker diaphragm 1) is preferably 3% by mass, more preferably 6% by mass. On the other hand, the upper limit of the
content of the fibers 3 in the substrate 1a is preferably 30%bymass,more preferably 22%bymass, evenmore preferably
15%bymass. If thecontent of thefibers3 is less than the lower limit, thespeaker diaphragm1mayhave insufficient rigidity.
On the contrary, if the content of the fibers 3 exceeds the upper limit, the fibers 3 may be entangled with each other in the
resinmatrix 2, and the uniform dispersibility of the fibers 3 in the resinmatrix 2may become insufficient. Further, when the
content of the fibers 3 exceeds the upper limit, at a time of heating the resin composition containing the resin 3 and the
thermoplastic resin and passing the resin composition through a nozzle or the like of an injectionmolding device, clogging
is likely tooccurdue tounevendistributionof thefibers3,whichmaymake it difficult tomanufacture thespeakerdiaphragm
1.
[0028] The lower limit of theaverage lengthof thefibers3 is0.5mm,preferably1.0mm.On theotherhand, theupper limit
of the average length of the fibers 3 is 3.0 mm, preferably 2.5 mm, more preferably 1.5 mm. If the average length of the
fibers 3 is less than the lower limit, the effect of improving the rigidity by the fibers 3 may be insufficient. On the contrary,
when the average length of the fibers 3 exceeds the upper limit, the fibers 3 are likely to be entangled with each other, and
the uniform dispersibility of the fibers 3 in the resinmatrix 2may be insufficient. The lengths of the fibers 3 dispersed in the
resin matrix 2 may be non-uniform as long as the average length is within the above range.
[0029] The upper limit of the maximum length of the fibers 3 dispersed in the resin matrix 2 is preferably 5.0 mm, more
preferably 4.0 mm, even more preferably 3.0 mm. As described above, by setting the maximum length of the fibers 3 to
equal to or less than the upper limit, it is easy to surely prevent the fibers 3 from being entangled with each other.
[0030] The lower limit of an average aspect ratio of the fibers 3 is preferably 20, more preferably 50. On the other hand,
theupper limit of theaverageaspect ratioof thefibers3 ispreferably300,morepreferably200. If theaverageaspect ratio is
less than the lower limit, it may be difficult to control the orientation direction of the fibers 3. On the contrary, when the
averageaspect ratio exceeds theupper limit, the fibers 3maybemore likely to beentangledwith eachother. The "average
aspect ratio of fibers" refers to a value obtained by averaging the ratios of lengths to diameters of 10 fibers arbitrarily
extracted.
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[0031] As illustrated in Fig. 3, preferably, the resin matrix 2 is at least partially in an unbonded state with the fibers 3. In
otherwords, preferably, the fibers 3 are embedded in a hollowportion 2a of the resinmatrix 2 in an unbonded statewith the
resinmatrix 2, that is, in a statewhere the fibers 3 are in close contact with the resinmatrix 2. At this time, it is sufficient that
the fibers 3 are at least partially in an unbonded state with the resin matrix 2. As a result, the vibration damping rate of the
speaker diaphragm 1 can be increased. In the speaker diaphragm 1, the shape of the hollow portion 2a is preferably the
same as the shape of the fibers 3 embedded in the hollow portion 2a from the viewpoint of increasing the rigidity by the
fibers 3. In otherwords, preferably, there is no gap between the resinmatrix 2 and the fibers 3. It should be noted that when
the fibers 3 and the above-mentioned thermoplastic resin are incompatible and neither is chemically bonded, the speaker
diaphragm 1 can hold the fibers 3 in a non-bonded state with the resin matrix 2. Further, even if the fibers 3 and the
thermoplastic resin are not chemically bonded,when the content and theaverage length of the fibers 3 are controlled to fall
within the above range, the speaker diaphragm 1 enables uniform dispersion of the fibers 3 in the matrix 2.

(Other components)

[0032] The substrate 1a of the speaker diaphragm 1may contain other component(s) aside from the resin matrix 2 and
the fibers 3 as long as the effects of the present invention are not impaired. Examples of the other component(s) include a
colorant such as titanium oxide, an ultraviolet absorber, and a compatibilizing agent.

<Advantage>

[0033] Thefibers3dispersed in the resinmatrix 2of the substrate1aof the speaker diaphragm1arepolyparaphenylene
benzobisoxazole fibers, and thus the fibers 3 can easily increase the rigidity sufficiently. Particularly, in the speaker
diaphragm 1, an average length of the polyparaphenylene benzobisoxazole fibers is within the above range, and thus, for
example, by controlling the content of the fibers 3 to fall within the above range, the fibers 3 can be uniformly dispersed in
the resin matrix 2. As a result, in the speaker diaphragm 1, the rigidity can be uniformly increased over the entire region.

[Method for manufacturing a speaker diaphragm]

[0034] Next, amethod formanufacturing the speaker diaphragm1ofFig. 1will bedescribedwith reference toFig. 4. The
method for manufacturing the speaker diaphragm includes a step (extrusion step) of extruding a resin composition
containinga thermoplastic resinand thefibers3 intoa rodshape,astep (cuttingstep)of cutting theextrudedbodyextruded
in the extrusion step into pellets, and a step (molding step) of injection-molding the pellets obtained in the cutting step.

(Extrusion step)

[0035] The extrusion step extrudes the resin composition into a rod shape, while kneading a resin composition
containing a thermoplastic resin and fibers 3. The extrusion step can be performed using an extrusion molding device.
The extrusionmolding device includes, for example: an extruder for kneading the resin composition, which has a cylinder
for guiding the resin composition and a screwmounted in the cylinder; a T-die for allowing the resin composition kneaded
by the extruder flow out into a rod shape; and a cooling unit for cooling the resin composition extruded from the T-die. The
extrusion step extrudes the resin composition into a rod shape and then cools it in the cooling unit to solidify the resin
composition in the shape held at the time of extrusion. As a result, a rod-shaped extruded body is obtained.
[0036] Examples of the thermoplastic resin used in the extrusion step include the above-mentioned thermoplastic resin
contained as the main component of the resin matrix 2 of the substrate 1a of the speaker diaphragm 1 of Fig. 1. Of these,
polypropylene is preferable as the thermoplastic resin.
[0037] The fibers 3 used in the extrusion step are polyparaphenylene benzobisoxazole fibers. The length of each of the
polyparaphenylene benzobisoxazole fibers is not particularly limited, but can be, for example, 1mmormore and10mmor
less, and is preferably 3 mm or more and 6 mm or less. The method for manufacturing the speaker diaphragm enables
adjusting the length of each of the fibers 3 contained in the substrate 1a of the speaker diaphragm 1 to be obtained by
adjusting the length of the pellets in the cutting step, described later, to fall within the above range.
[0038] The lower limit of the content of the fibers3 in the resin composition ispreferably 3%bymass,morepreferably 6%
bymass.On theother hand, theupper limit of thecontent of thefibers 3 ispreferably 30%bymass,morepreferably 22%by
mass, evenmorepreferably 15%bymass. If the content of the fibers 3 is less than the lower limit, the rigidity of the speaker
diaphragm 1 to be obtained may be insufficient. On the contrary, when the content of the fibers 3 exceeds the upper limit,
the uniform dispersibility of the fibers 3 in the resin matrix 2 may be insufficient.
[0039] The resin composition may contain, as other component(s), a colorant such as titanium oxide, an ultraviolet
absorber, a compatibilizing agent for compatibilizing the thermoplastic resin and the fibers 3, and the like.
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(Cutting step)

[0040] The cutting step cuts the extruded body extruded in the extrusion step at equal intervals in the longitudinal
direction to form a plurality of columnar pellets. Since the fibers 3 contained in the extruded body are easily oriented in the
extruding direction, the average length of the fibers 3 canbe suppressed to be equal to or less than the length of the pellets
by cutting the extruded body at equal intervals. In the cutting step, by dividing the polyparaphenylene benzobisoxazole
fiberseachhavinga lengthwithin theabove range into twoormoreparts in the longitudinal directionat thesame timeas the
forming of the pellets, it is easy to non-uniformly adjust the length of each of the fibers 3 contained in the substrate 1a of the
speaker diaphragm 1 to be obtained. The cutting step cuts, for example, the extruded body at intervals of 3 mm or less to
form a plurality of columnar pellets each having a length of 3 mm or less.
[0041] The lower limit of theaverage lengthof thefibers3after thecuttingstep is0.5mm,preferably1.0mm.On theother
hand, the upper limit of the average length of the fibers 3 after the cutting step is 3.0 mm, preferably 2.5 mm, more
preferably 1.5 mm. If the average length of the fibers 3 is less than the lower limit, it may not be possible to sufficiently
increase the rigidity of the speaker diaphragm1 to be obtained.On the other hand, when the average length of the fibers 3
exceeds the upper limit, the fibers 3may bemore likely to be entangled with each other in the substrate 1a of the speaker
diaphragm 1 to be obtained, and thus the uniform dispersibility of the fibers 3 in the resin matrix 2 may be insufficient.

(Molding step)

[0042] The molding step forms the substrate 1a of the speaker diaphragm 1 by injection-molding the pellet obtained in
the cutting step. The molding step can be performed using an injection molding device. The injection molding device
includes, for example, a cylinder havinganozzle at a tip thereof, a hopperwhich is connected to the cylinder and intowhich
the pellets obtained in the cutting step are charged, a screw mounted in the cylinder, and a mold in which a cavity
communicatingwithanopeningof thenozzle is formed.Thecavity hasan invertedshapeof thesubstrate1aof thespeaker
diaphragm1. In the cavity, a portion corresponding to a bottomportion (a center portionwhen viewed in the axial direction)
of the substrate 1aof the speaker diaphragm1communicateswith theopening of the nozzle. Themolding step radially fills
the cavity with a resin composition (amelt of the pellets) from the portion corresponding to the bottom portion. Further, the
molding step cools the cavity after the filling with the resin composition to cure the resin composition. Themolded product
obtained by curing the resin composition is configured as the substrate 1a of the speaker diaphragm 1.
[0043] The lower limit of the temperature inside the cavity in themolding step is preferably 30°C. On the other hand, the
upper limit of the temperature inside the cavity is preferably 50°C. If the temperature inside the cavity is less than the lower
limit, fluidity of the resin in the cavitymaybe insufficient, whichmaymake it difficult to control the orientation direction of the
fibers3.On thecontrary, if the temperature inside the cavity exceeds theupper limit, itmaybedifficult to sufficiently cool the
resin composition after the filling of the cavity, and it may be difficult to take out the obtained substrate 1a of the speaker
diaphragm from inside the cavity.
[0044] The lower limit of an injection speed of the resin composition in the molding step is preferably 80 mm/s, more
preferably 100mm/s.On the other hand, the upper limit of the injection speed is preferably 200mm/s,more preferably 150
mm/s. If the injection speed is less than the lower limit, the fluidity of the resin composition in the cavity may become
insufficient, whichmaymake it difficult to control the orientation direction of the fibers 3 in the cavity. On the contrary, when
the injection speed exceeds the upper limit, the fluidity of the resin composition in the cavity may become too high, which
may make it difficult to control the orientation direction of the fibers 3 in the cavity.

<Advantage>

[0045] The method for manufacturing the speaker diaphragm injection-molds the substrate 1a of the speaker dia-
phragm using the pellets obtained by cutting the rod-shaped extruded body containing the thermoplastic resin and the
polyparaphenylene benzobisoxazole fibers, enabling manufacturing a speaker diaphragm in which the polyparapheny-
lene benzobisoxazole fibers are sufficiently uniformly dispersed in the thermoplastic resin. Particularly, since the average
length of the polyparaphenylene benzobisoxazole fibers in the pellets is within the above range, the method for
manufacturing a speaker diaphragm can uniformly disperse the fibers without the fibers being entangled in the thermo-
plastic resin in the substrate 1a of the speaker diaphragm to be obtained, for example, by controlling the content of the
polyparaphenylene benzobisoxazole fibers in the resin composition to be within the above range. As a result, themethod
for manufacturing a speaker diaphragm can manufacture the speaker diaphragm 1 having rigidity being uniformly
increased over the entire region.

[Other embodiments]

[0046] The above embodiment does not limit the configuration of the present invention. Therefore, in the above-
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described embodiment, it is possible to omit, replace, or add the constituent elements of each part of the embodiment
based on the description of the present specification and a common technical knowledge, and such omission, replace-
ment, or addition should be construed as falling within the scope of the present invention.
[0047] For example, the speaker diaphragm does not necessarily have a cone shape, andmay have a flat plate shape,
for example.

[Example]

[0048] Hereinafter, the present inventionwill be described in detail basedon examples, but the present invention should
not be restrictedly interpreted based on the description of the examples.

[No. 1]

[0049] A resin composition containing polypropylene (manufactured by Nippon Pigment Co., Ltd.) as a thermoplastic
resin, and polyparaphenylene benzobisoxazole fibers ("Zylon" (registered trademark)manufactured by ToyoboCo., Ltd.)
each having a fiber length of 6 mmwas extruded into a rod shape while being kneaded in a uniaxial extruder. Further, the
extruded resin composition was cooled and solidified in the shape held at the time of extrusion (extrusion step). The
content of polypropylene in the resin composition was 94% by mass, and the content of polyparaphenylene benzobisox-
azole fibers was 6% by mass. The extrusion conditions involved: a discharge rate of 3 kg/h, a screw rotation speed of 17
rpm, and an extrusion temperature of 165°C to 185°C.
[0050] Theextruded body extruded in the extrusion stepwas cut into pellets each having a length of 3mm (cutting step).
Further, the columnar pellets obtained by the cutting in the cutting step were injection-molded using an injection molding
device to obtain a No. 1 speaker diaphragm (substrate single body). This injectionmolding device has a cylinder having a
nozzle at a tip thereof, a hopperwhich is connected to the cylinder and intowhich thepellets obtained in the cutting stepare
charged, a screw mounted in the cylinder, and a mold in which a cavity communicating with an opening of the nozzle is
formed.Further, thecavity hasacone-shaped internal space,and theopeningof thenozzlecommunicateswith thebottom
portion of the internal space. The injectionmolding conditions involved: a cylinder temperature of 200 °C to 210°C, amold
temperature of 40°C, an injection speed of 100 mm/s, an injection pressure of 50 MPa, and a back pressure of 2 MPa.

(Fiber shape)

[0051] The average length and the like of the polyparaphenylene benzobisoxazole fibers in the No. 1 speaker
diaphragm were measured by the following procedure.
[0052] First, the No. 1 speaker diaphragmwas heated in amuffle furnace at 450°C for 4 hours tomelt the thermoplastic
resin (polypropylene), thereby extracting the polyparaphenylene benzobisoxazole fibers from the speaker diaphragm.
After cooling the speaker diaphragm for 10 hours following heating, the polyparaphenylene benzobisoxazole fibers were
dispersed in water, and a fiber tester manufactured by Lorentzen &Wettre was used to measure lengths of any 10 fibers.
Theaveragefiber lengthwascalculatedbyaveraging themeasuredvalues tobe1.35mm.Themaximumvalue (maximum
fiber length) of themeasured valueswas 3.2mm. Furthermore, when the average diameter and the average straightness
rate of the polyparaphenylene benzobisoxazole fiberswere calculated by the sameprocedure, the average diameter was
17.4µm(aspect ratio: 77.6) and theaveragestraightness ratewas90%.The "averagestraightness rate of fibers"meansa
value calculated from: the average distance between ends of fibers/the average fiber length × 100.

[No. 2]

[0053] UsingZylonhavingafiber lengthof 3mmas thepolyparaphenylenebenzobisoxazole fiber, a speaker diaphragm
(single substrate) was manufactured under the same conditions as in No. 1 except that, in the resin composition, the
content of polypropylene was 90% by mass, and the content of the polyparaphenylene benzobisoxazole fibers was 10%
by mass.
[0054] For a No. 2 speaker diaphragm, the average length, maximum length, average diameter, and average
straightness rate of the polyparaphenylene benzobisoxazole fibers were calculated using the same procedures as in
No. 1, and the average length was 0.97 mm, the maximum length was 1.6 mm, the average width was 17.9 µm (aspect
ratio: 54.2), and the average straightness rate was 85.5%.

[No. 3]

[0055] UsingZylonhavingafiber lengthof 1mmas thepolyparaphenylenebenzobisoxazole fiber, a speaker diaphragm
(single substrate) was manufactured under the same conditions as in No. 1 except that, in the resin composition, the
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content of polypropylenewas 85%bymass, and the content of the polyparaphenylene benzobisoxazole fiberwas 15%by
mass.

[No. 4]

[0056] UsingZylonhavingafiber lengthof 3mmas thepolyparaphenylenebenzobisoxazole fiber, a speaker diaphragm
(single substrate) was manufactured under the same conditions as in No. 1 except that, in the resin composition, the
content of polypropylene was 78.6% by mass, and the content of the polyparaphenylene benzobisoxazole fibers was
21.4% by mass. The average length, average diameter, and average straightness rate of the polyparaphenylene
benzobisoxazole fibers in the No. 4 speaker diaphragm were the same as those of No. 2.

[No. 5]

[0057] UsingZylonhavingafiber lengthof 1mmas thepolyparaphenylenebenzobisoxazole fiber, a speaker diaphragm
(single substrate) was manufactured under the same conditions as in No. 1 except that, in the resin composition, the
content of polypropylene was 90% by mass, and the content of the polyparaphenylene benzobisoxazole fibers was 10%
by mass.

[No. 6]

[0058] A speaker diaphragm (single substrate) wasmanufactured under the same conditions as in No. 1 except that, in
the resin composition, the content of polypropylene was 90% by mass, and the content of the polyparaphenylene
benzobisoxazole fibers was 10% by mass. The average length, average diameter, and average straightness rate of the
polyparaphenylene benzobisoxazole fibers in the No. 6 speaker diaphragm were the same as those of No. 1.

[No. 7]

[0059] UsingZylonhavingafiber lengthof 1mmas thepolyparaphenylenebenzobisoxazole fiber, a speaker diaphragm
(single substrate) was manufactured under the same conditions as in No. 1 except that, in the resin composition, the
content of polypropylene was 80% by mass, and the content of the polyparaphenylene benzobisoxazole fibers was 20%
by mass.

[No. 8]

[0060] UsingZylonhavingafiber lengthof 1mmas thepolyparaphenylenebenzobisoxazole fiber, a speaker diaphragm
(single substrate) was manufactured under the same conditions as in No. 1 except that, in the resin composition, the
content of polypropylene was 70% by mass, and the content of the polyparaphenylene benzobisoxazole fibers was 30%
by mass.

(Storage elastic modulus)

[0061] Storage elastic moduli [GPa] at 250 Hz and 1,000 Hz were measured for the No. 2 and No. 5 to No. 8 speaker
diaphragms. The storage elasticmoduli were eachmeasured in a tensilemode at the temperature of 23±2°C by cutting a
rectangular samplewith awidth of 5mm,a lengthof 40mm,anda thicknessof 0.5mm,andusingadynamic viscoelasticity
measuringdevice ("DMA+150")manufacturedbyMetravibCo., Ltd.The results of thismeasurement are shown inTable1.

(Loss elastic modulus)

[0062] Loss elastic moduli [GPa] at 250 Hz and 1,000 Hz were measured for the No. 2 and No. 5 to No. 8 speaker
diaphragms. The loss elasticmoduli were eachmeasured under the samemeasurement conditions as the storage elastic
modulus using the same sample and measuring device as the storage elastic modulus. The results of this measurement
are shown in Table 1.

(Internal loss)

[0063] For the No. 2 and No. 5 to No. 8 speaker diaphragms, the internal losses (tanδ) at 250 Hz and 1,000 Hz were
measured. The internal losses were each measured under the same measurement conditions as the storage elastic
modulus using the same sample and measuring device as the storage elastic modulus. The results of this measurement
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are shown in Table 1.

(Fiber bonded state)

[0064] In the No. 1 to No. 8 speaker diaphragms, a part of the polyparaphenylene benzobisoxazole fibers can be pulled
out from the resin matrix, and the polyparaphenylene benzobisoxazole fibers were at least partially in an unbonded state
with the resin matrix.

[Table 1]

250 Hz 1,000 Hz

storage elastic
modulus [GPa]

loss elastic
modulus [GPa]

internal loss
(tanδ)

storage elastic
modulus [GPa]

loss elastic
modulus [GPa]

internal loss
(tanδ)

No. 2 2.39 0.204 0.085 3.20 0.317 0.099

No. 5 2.45 0.206 0.084 3.37 0.323 0.096

No. 6 2.55 0.202 0.079 3.40 0.310 0.091

No. 7 3.05 0.227 0.074 4.03 0.350 0.087

No. 8 3.59 0.243 0.068 4.74 0.372 0.078

[Evaluation results]

[0065] The average lengths of the polyparaphenylene benzobisoxazole fibers in theNo. 1 toNo. 8 speaker diaphragms
were all 0.5 mm or more and 3.0 mm or less. When the No. 1 to No. 8 speaker diaphragms were visually confirmed, in all
cases, polyparaphenylene benzobisoxazole fibers were uniformly dispersed in the resin matrix made of polypropylene.
From this, it canbeseen that theNo.1 toNo.8speakerdiaphragmshaveuniformly increased rigidity over theentire region.
In addition to polypropylene and polyparaphenylene benzobisoxazole fibers, the resin composition may contain a
compatibilizing agent and/or, as a colorant, titanium oxide.
[0066] As shown in Table 1, comparing No. 2, No. 5, and No. 6, in which the content of the polyparaphenylene
benzobisoxazole fibers in the speaker diaphragmwas set to 10%bymass, it can be seen that the storage elasticmodulus
and the loss elastic modulus are kept substantially constant, regardless of change in the average length of the
polyparaphenylene benzobisoxazole fibers. Further, comparing No. 2, No. 5, and No. 6, it can be seen that when the
average length of the polyparaphenylene benzobisoxazole fibers is 1.35 mm (No. 6) or more, the internal loss tends to
decrease.On thecontrary, it canbeseen thatwhen theaverage lengthof thepolyparaphenylenebenzobisoxazole fibers is
0.97 mm or less (No. 2 and No. 5), even if the average length of the polyparaphenylene benzobisoxazole fibers becomes
long, the internal loss is kept equal.
[0067] Further, as shown in Table 1, comparing No. 5, No. 7, and No. 8, in which the average length of the
polyparaphenylene benzobisoxazole fibers was the same, and the content of the polyparaphenylene benzobisoxazole
fibers was changed, it can be seen that the storage elastic modulus and the loss elastic modulus increase substantially in
proportion to the increase in the content of the polyparaphenylene benzobisoxazole fibers, while the reduction of the
internal loss caused by the increase in the content of the polyparaphenylene benzobisoxazole fibers is suppressed to a
relatively low level.

INDUSTRIAL APPLICABILITY

[0068] As described above, a speaker diaphragm according to the embodiments of the present invention can be
uniformly increased in rigidity over the entire region, and thus is suitably used as a rigid and relatively inexpensive
diaphragm.

REFERENCE SIGNS LIST

[0069]

1 speaker diaphragm
1a substrate
2 resin matrix
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2a hollow portion
3 fiber

Claims

1. A speaker diaphragm (1) comprising:

a substrate (1a) having:

a resin matrix (2) containing a thermoplastic resin as a main component; and
fibers (3) dispersed in the resin matrix (2),

characterized in that

the fibers (3) are polyparaphenylene benzobisoxazole fibers,
an average length of the fibers (3) is 0.5 mm or more and 3.0 mm or less, and
an average aspect ratio of the fibers (3) is 20 or more and 300 or less.

2. The speaker diaphragm (1) according to claim 1, wherein the speaker diaphragm (1) has a cone shape.

3. The speaker diaphragm (1) according to claim 1 or 2, wherein the substrate (1a) has:

apair of skin layers constitutingsurface layersona front surfacesideandabacksurfacesideof thesubstrate (1a),
and
a core layer formed between the pair of skin layers.

4. The speaker diaphragm (1) according to any one of claims 1 to 3, wherein a content of the fibers (3) in the substrate
(1a) is 3% by mass or more and 30% by mass or less.

5. The speaker diaphragm (1) according to any one of claims 1 to 4, wherein the fibers (3) are at least partially in an
unbonded state with the resin matrix (2).

6. The speaker diaphragm (1) according to any one of claims 1 to 5, wherein the thermoplastic resin is polypropylene.

7. The speaker diaphragm (1) according to any oneof claims1 to 6,wherein amaximum length of the fibers (3) is 5.0mm
or less.

8. Thespeaker diaphragm (1) according to anyoneof claims1 to 7,wherein theaverage length of the fibers (3) is 2.5mm
or less.

9. Thespeakerdiaphragm(1)according toanyoneof claims1 to8,wherein lengthsof thefibers (3) dispersed in the resin
matrix (2) are non-uniform.

10. Thespeakerdiaphragm(1)according toanyoneof claims1 to9,wherein thespeakerdiaphragm(1) is asinglebodyof
the substrate (1a).

11. The speaker diaphragm (1) according to any one of claims 1 to 10, wherein an internal loss (tanδ) at 250Hz is 0.079 or
more.

12. The speaker diaphragm according to any one of claims 1 to 11, wherein an average thickness of the substrate (1a) is
100 µm or more and 800 µm or less.

13. A method for manufacturing a speaker diaphragm (1), comprising the steps of:

extruding a resin composition containing a thermoplastic resin and fibers (3) into a rod shape;
cutting into pellets an extruded body extruded in the extruding step; and
injection-molding the pellets obtained in the cutting step,
characterized in that
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the fibers (3) are polyparaphenylene benzobisoxazole fibers,
an average length of the fibers (3) after the cutting step is 0.5 mm or more and 3.0 mm or less, and
an average aspect ratio of the fibers (3) is 20 or more and 300 or less.
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