
31 January 2005 1 DESCRIPTION MANUFACTURING APPARATUS AND MANUFACTURING
METHOD  OF LOUDSPEAKER DIAPHRAGM, THE DIAPHRAGM , AND LOUDSPEAKER TECHNICAL
FIELD The present invention relates to a method of manufacturing a
diaphragm for loudspeaker used in various video and audio equipment, a  10
manufacturing apparatus, and the diaphragm manufactured by the method,  and
a loudspeaker using the diaphragm. BACKGROUND ART Manufacturing technique
of a conventional loudspeaker diaphragm  15 will be described with
reference to a sectional view of the loudspeaker in Fig.  6 and the
schematic view of a paper forming machine in Fig. 7. An example of
loudspeaker shown in Fig. 6 comprises magnetic  circuit 1 comprising lower
plate la with a center pole, magnet 1b, upper plate  1c,, and magnetic gap
1d; frame 2; conical diaphragm 3 with its outer 20 periphery bonded to the
frame 2 via edge 3a and its inner periphery bonded to  voice coil 4; and
damper 5. As the diaphragm 3, a plastic or metal-sheet diaphragm is
available,  but a paper sheet is generally employed as a loudspeaker
diaphragm. Paper  is excellent in physical properties such as large
internal loss and rigidity that 25 are basically required for a loudspeaker
diaphragm, and also, it has various  features such as being inexpensive and
being possible to obtain  characteristics appropriate for each application
by blending various kinds of  pulp used as the material. A manufacturing
method for diaphragm made of a paper sheet will be  



30 described with reference to Fig. 7. In Fig. 7, the diaphragm
manufacturing apparatus comprises paper 31 January 2005 2 tank 11 for
feeding dispersed pulp after beating, paper mold 12 made of wire  mesh or
the like, measuring tank 13 for material pulp dispersed in water, feed
pipe 14, feed valve 15, water inlet pipe 16 for diluting the dispersed
pulp, inlet valve 17, drain pipe 18, and drain valve 19. 5 The paper
forming process using the above apparatus will be  described in the
following. First, water is supplied from the dilution water inlet pipe 16,
and after  the water level becomes higher than the paper mold 12, the pulp
dispersion  measured by the measuring tank 13 is supplied into the paper
tank 11. After 10 that, the pulp dispersion in the paper tank 11 is stirred
by air or other stirring means 10. After predetermined amounts of pulp
dispersion and dilution water  are supplied into the paper tank 11, and
uniformly stirred, the pulp material in  the paper tank 11 begins to slowly
deposit on the paper mold 12. To finish 15 this process in a short time, it
is a common method to rapidly drain the water  from the drain pipe 18. This
method is called a draw-down method. At the  time, a swirl is generated
near the drain port of the paper tank 11, and the  pulp rotated due to the
swirl in the paper tank 11 is deposited on the paper  mold 12. The pulp
deposited on the paper mold 12 is taken out and dried, 20 then the central
and peripheral portions thereof are. cut off to obtain the diaphragm 3
shown in Fig. 6. Besides the above method, there is a method like a
traditional manual paper forming method as is employed in manufacturing
Japanese paper. In  the method, a net is put into the water tank and is
slightly moved in all 



25 directions to regulate a thickness and orientation in a skillful manner,
which  is then taken out of the water. This is a so-called draw-up method.
The paper formed diaphragm is dried to be a loudspeaker diaphragm  as
required. In this case, it is preferable to dry the loudspeaker diaphragm
naturally. However, in the case of an industrial production, it is a common
30 method to employ hot air, hot press, and flames individually or in
combination in order to efficiently dry in a short time. 31 January 2005 3
Although the diaphragm 3 using pulp is inexpensive and can be easily
provided with desired sound characteristics by blending various kinds of
pulp, it is  difficult to control the variation of pulp deposition on the
paper mold 12 in the  paper forming process. Therefore, it is liable to
cause variations in sound  characteristics of a loudspeaker. On the other
hand, as sound sources are recently  becoming digital and higher in
performance, it is increasingly required to develop a  method of
manufacturing loudspeaker diaphragms with highly accurate  reproducibility.
The present invention is intended to address the above problems and to
provide a manufacturing method and manufacturing apparatus of a  diaphragm,
a diaphragm manufactured by the method, and a loudspeaker using  the
diaphragm. DISCLOSURE OF THE INVENTION In accordance with a first aspect of
the present invention there is  provided an apparatus for manufacturing
loudspeaker diaphragm comprising a paper  tank, a pulp dispersion reservoir
tank connected to the paper tank, a stirring means  provided in the paper
tank, a water inlet unit connected to the paper tank, a drain unit
disposed under the paper tank, and a paper mold installed at a bottom of
the paper  tank or in the drain unit, wherein a sectional area of the drain
unit is larger than a 



plane area of the paper mold. Further, the drain unit may be provided with
a  water flow control plate in the draining direction of the paper mold. In
accordance with a second aspect of the present invention, there is
provided a method of manufacturing loudspeaker diaphragm comprising the
steps of  introducing pulp dispersion into a paper tank; stirring said pulp
dispersion; and  draining water to deposit pulp on a paper mold, wherein a
drain unit having a sectional  area larger than a plane area of said paper
mold is employed in said draining step. 31 January 2005 3a According to the
manufacturing apparatus and method, it is possible to perform
mass-production of diaphragms with excellent reproducibility, which have
very  uniform internal composition and are intentionally varied in internal
composition in accordance with sound characteristics required . BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic structural view of a
paper forming machine used in the  method of manufacturing loudspeaker
diaphragm of the present invention. 31 January 2005 Fig. 2 is a schematic
structural view of another paper forming  machine of the present invention.
Fig. 3 (a) is a plan view of a water flow control slit plate of a paper
forming machine in one preferred embodiment of the present invention. 5
Fig. 3 (b) is a plan view of a water flow control slit plate of a paper
forming machine in another preferred embodiment of the present invention.
Fig. 4 is a structural sectional view of a drying equipment for a diaphragm
of the present invention. Fig. 5 is a sectional view of a loudspeaker in
one preferred  10 embodiment of the present invention. Fig. 6 is a
sectional view of a conventional loudspeaker. 



Fig. 7 is a schematic structural view of a conventional paper forming
machine for loudspeaker diaphragm. 15 DESCRIPTION OF THE PREFERRED
EMBODIMENT The loudspeaker diaphragm manufacturing apparatus of the present
invention will be described in the following with reference to Fig. I
through  Fig. 5. Incidentally, the same parts as those in the prior art are
given same  reference numerals, and the description is omitted. 20
Preferred Embodiment 1 In Fig. 1, a manufacturing apparatus of the present
invention  comprises paper tank 21 in which dispersed pulp after beating is
deposited on  a paper mold; paper mold 22 made of wire mesh or the like;
measuring tank 25 23 for measuring material pulp dispersion dispersed in
water; feed pipe 24;  air passage 25 for stirring; water inlet pipe 26 for
diluting the pulp dispersion;  feed valve 27 for pulp dispersion; and
dilution water valve 29. Further, the manufacturing apparatus of the
present invention  comprises a cylindrical syringe 21a disposed at the
bottom of the paper tank 30 21. The syringe 21a has a sectional area that
is equivalent to or larger than a  plane area of the paper mold 22. Inside
the syringe 21a is provided with a 31 January 2005 plunger 21b which moves
up and down while being in contact with the inner  wall of the syringe 21a.
The plunger 21b is moved up and down by hollow  rod 21d provided with drain
valve 21c at the lower end thereof. The paper forming method by the paper
forming machine is described  5 in the following. First, with the plunger.
21b kept at the upper limit, the pulp dispersion  and the dilution water
are respectively supplied from the measuring tank 23  and the dilute water
pipe 26 into the paper tank 21, and after that, air is blown  



in through the air passage 25 to stir the pulp dispersion. 10 After
stirring, the material pulp begins to gradually deposited on the  paper
mold 22 due to its weight. At this time, the plunger 21b  corresponding to
the bottom of the paper tank 21 is moved downward. Thus,  only the water in
the paper tank 21 passes through the mesh-like paper mold  22 and is sucked
into the syringe 21a while the pulp is deposited on the paper 15 mold 22,
thereby forming a paper. In this case, since the water passing  through the
mesh goes downward uniformly over the entire sectional area as  the syringe
21a moves downward, no local turbulence of the water flow  occur. This is
because the sectional area of the syringe 21a is equivalent to  20 or
larger than the plane area of the paper mold. Consequently, the deposition
of pulp is almost like that of a natural deposition, and it is possible  to
suppress the influence to the pulp orientation due to swirling of the drain
or  the like that occur in the conventional apparatus during paper forming.
Further, since the syringe 21a is moved downward, the pulp depositing speed
25 can be increased as compared with the speed of natural deposition, thus,
a  paper sheet productivity can be improved. Furthermore, a pulp
orientation  in a direction vertical to the diaphragm (that is:
perpendicular to the surface)  can be regulated by controlling a lowering
speed of the syringe 21a. Further, according to the manufacturing method of
the present  30 invention, when diaphragms are manufactured by a plurality
of paper forming machines, even in a case the paper forming machines have
different sizes of 31 January 2005 6 paper tanks 21, the diaphragms
obtained are extremely less in variations.  That is, quality variations
among the paper forming machines can be  suppressed by controlling the
lowering speed of the syringe 21a in accordance  



with the sizes of the paper tanks 21. In this way, the present invention is
5 effective for stable supply of a large quantity of diaphragms. Preferred
Embodiment 2 Fig. 2 shows a schematic structural view of a paper forming
machine  in the second preferred embodiment of the present invention. And,
Fig. 3  10 (a) and Fig. 3 (b) show plan views of a water flow control slit
plate which is  an essential portion of the machine. In Fig. 2, only the
differences of the present preferred embodiment  from the first preferred
embodiment will be described. In the present preferred embodiment, water
flow control slit plate 31  15 is disposed between plunger 21b and paper
mold 22. In addition to the  effect of the first preferred embodiment, in
the present preferred embodiment,  there is provided the water flow control
slit plate 31, and the pulp orientation  is intentionally controlled by
positively adjusting the flow direction of the  drain water. In this way,
it is possible to control the sound characteristics of 20 loudspeaker
diaphragms. For example, the pulp orientation can be  controlled by
changing a water flow direction by a slit provided in the water  flow
control slit plate 31 in a shape such as a ring shape slit close to a
periphery as shown in Fig. 3 (a), or a cross shape slit as shown in Fig. 3
(b).  In this case, the slit shape is not limited to the above-described
ring shape and 25 cross shape, but various shapes such as concentric, oval,
radial, star-like, and  other shapes can also be used. Since the water flow
control by the above slit is performed at a  position apart from the paper
mold 22, a sectional thickness of the diaphragm  does not partially change,
and it is possible to obtain diaphragms which are 30 uniform in thickness
and partially controlled in the pulp orientation. Further,  the thickness
of diaphragm can be partially and intentionally controlled. 31 January 2005



7 Thus, according to the present preferred embodiment, new effects can be
obtained, in addition to the effects of the first preferred embodiment. As
described above, according to the diaphragm manufacturing  5 method in the
first preferred embodiment of the present invention, like the same as in
the draw-up method of a manual paper forming method for  Japanese paper,
the influence of the drain water on the pulp orientation can be
suppressed. Further, it is possible to provide an industrial manufacturing
method of loudspeaker diaphragms, which shoes high productivity that can
10 never be obtained by the manual paper forming method. Moreover, when
manufacturing diaphragms by using a plurality of  paper forming machines,
it is possible to realize a paper forming method  which is not influenced
by drain water flow which slightly differs in  respective paper forming
machine. 15 Also, according to the diaphragm manufacturing method in the
second  preferred embodiment of the present invention, by properly
selecting various  shapes of water flow control slit plate 31 above the
syringe 21a, it is possible  to intentionally create a drain flow for
partially changing the pulp orientation  and thickness. In this way, it
becomes possible to mass-produce diaphragms 20 with excellent
reproducibility, which diaphragm having internal composition  that can
never be provided by the conventional method. That is, the  diaphragms
having very uniform internal composition, or the diaphragms  intentionally
changed in internal composition in accordance with required  sound
characteristics can be mass produced with excellent reproducibility. 25
"Internal composition" described here. means the direction of pulp
orientation, partial and intentional existence of difference in pulp
densities,  and kinds of pulp materials and their mixing ratio, and the
like. Also, as a  matter of course, addition of inorganic fiber other than
pulp, powder or the  



like to the diaphragm is included for the purpose of improving the  30
characteristics of the diaphragm. 31 January 2005 8 Preferred Embodiment 3
Fig. 4 is a structural sectional view of a drying equipment for the
diaphragm of the present invention. In Fig. 4, loudspeaker diaphragm 35
paper formed on paper mold 22  5 is the one taken out of the paper forming
machine described in the preferred  embodiment 1 or 2. The drying equipment
36 in the present preferred  embodiment comprises a cover 36a connected
with compressed air pipe 36d  disposed at a top center thereof, and a
rotating disk 36c with opening 36b, on  which the paper mold 22 is
disposed. 10 The operation of the drying equipment 36 is described in the
following. The paper formed loudspeaker diaphragm 35 is disposed on the
rotating disk 36c together with the paper mold 22, which is then rotated at
a  high speed with the cover 36a to separate water by centrifugal forces
for 15 drying. During the rotation,. in order to prevent the peripheral
portion of the  diaphragm 35 from floating due to high-speed rotation and
being deformed  during drying, the diaphragm 35 is pressed to the paper
mold 22 by  compressed air to maintain its shape. If no pressure is applied
by  compressed air, the loudspeaker diaphragm may fly off due to high-speed
20 rotation, in the worst case. The opening 36b of the rotating disk 36c is
provided to prevent the  decreasing of the effect to keep the diaphragm 35
on the paper mold 22 when  the compressed air passes through the spaces
between pulp of the loudspeaker  diaphragm 35 and charged under the
diaphragm 35. 



25 With the drying equipment in the present preferred embodiment, it  has
been confirmed that the loudspeaker diaphragm is reliably dried when the
rotating speed is 500 - 1800 rpm and the compressed air pressure is 0.2 -
0.8  MPa. To improve the productivity, taking into account of a bearing
accuracy  and dynamic balance at high-speed rotation and also an economy of
30 compressed air used, it is preferable to set the rotating speed to 1000
- 1500  rpm and the compressed air pressure to 0.3 - 0.5 MPa. 31 January
2005 9 In the present preferred embodiment, a diaphragm drying method by
centrifugal dehydration has been described, but it is also preferable to
use  conventional hot air drying after drying by centrifugal dehydration.
According to the present preferred embodiment, even when a conventional
drying method using hot air or the like is employed, since most of the
water  in the diaphragm has been already removed by centrifugal
dehydration, it is  unnecessary to heat the diaphragm excessively and pulp
deterioration of the  diaphragm does not occur. In other words, in the
present preferred embodiment, unlike the 10 conventional loudspeaker
diaphragm, pulp deterioration of the diaphragm  does not occur due to
heating, and the drying time can be greatly shortened as  compared with the
conventional drying method by heating. As a result, a  heat source used can
be minimized, enabling considerable reduction of energy  consumption. 15
Also, in a conventional method, the operation is accompanied by lot  work
using a large dryer, but in the drying method of the present preferred
embodiment, the drying process can be incorporated in an automated
production line, greatly contributing to the improvement of productivity.
In the present preferred embodiment, it is described that a diaphragm  



20 formed in the preferred embodiment I or 2 is used, but it is also
possible to  apply the drying method of the present preferred embodiment to
a diaphragm  obtained by the conventional paper forming method, and even in
that case, similar results can be obtained. Further, besides a loudspeaker
diaphragm, it is possible to apply the  25 drying method based on
centrifugal dehydration of the present preferred  embodiment to a paper
container previously formed by paper forming method,  and it may bring
about considerable effects for the reduction of energy consumption in
drying. 30 Preferred Embodiment 4 A loudspeaker in one preferred embodiment
of the present invention 31 January 2005 10 will be described with
reference to Fig. 5. The point of difference of the loudspeaker in the
present preferred  embodiment from the prior art is a diaphragm, and
diaphragm 35 obtained in  the first preferred embodiment through the third
preferred embodiment is  5 used to form the loudspeaker. In the present
preferred embodiment, a diaphragm having very  uniform internal composition
or a diaphragm with internal composition  intentionally changed in
accordance with required sound characteristics, as  described in the first
or second preferred embodiment, is used as the  10 diaphragm. Such internal
composition and compositional distribution in the  diaphragm can be
confirmed through a visual observation of surfaces or  sections and by a
physical measurement of gas permeability and light  transmittance. The
visual observation of surfaces or sections can be 15 observed by an optical
microscope, an electron microscope, or a surface  



roughness measuring device. According to the present preferred embodiment,
it is possible to  perform the mass-production of loudspeakers having
stable sound  characteristics by employing diaphragms with uniform quality
or diaphragms 20 with internal composition intentionally controlled in
accordance with the  purposes. INDUSTRIAL APPLICABILITY As described above,
the manufacturing method of loudspeaker  25 diaphragms of the present
invention provides the loudspeaker diaphragms  with excellent
reproducibility and stable quality, while maintaining high  productivity.
Also, mass-produced loudspeakers using the diaphragms has  very uniform
sound characteristics. 31 January 2005 11 CLAIMS 1. An apparatus for
manufacturing loudspeaker diaphragm  comprising: 5 a paper tank; a pulp
dispersion reservoir tank connected to said paper tank;  a stirring means
provided in said paper tank; a water inlet unit connected to said paper
tank;  a drain unit disposed under said paper tank; and 10 a paper mold
disposed at a bottom of said paper tank or in said drain  unit, wherein a
sectional area of said drain unit is larger than a plane area  of said
paper mold. 2. The apparatus for manufacturing loudspeaker diaphragm of
claim  15 1, further comprising a water flow control plate provided in said
drain unit in  



a draining direction of said paper mold, . 3. The apparatus for
manufacturing loudspeaker diaphragm of claim  2, wherein said water flow
control plate is provided with a slit having at least  one of ring-shape,
cross-shape, concentric-shape, oval-shape, radial-shape,  20 and
star-shape. 4. The apparatus for manufacturing loudspeaker diaphragm of
claim  1 or claim 2, wherein said stirring means is air. 5. The apparatus
for manufacturing loudspeaker diaphragm of claim  1 or claim 2, wherein
said pulp dispersion reservoir tank has a measuring  25 function. 6. The
apparatus for manufacturing loudspeaker diaphragm of claim  1 or claim 2,
wherein said drain unit comprises a syringe and a plunger  disposed
therein. 7. The apparatus for manufacturing loudspeaker diaphragm of claim
30 1 or claim 2, further comprising a separate drying equipment, said
drying  equipment comprising: 31 January 2005 12 a rotating disk on which
said paper mold is disposed; and  a cover provided with a compressed air
inlet port. 8. The apparatus for manufacturing loudspeaker diaphragm of
claim  7, wherein said rotating disk has an opening. 5 9. A method of
manufacturing loudspeaker diaphragm comprising  the steps of: introducing
pulp dispersion into a paper tank;  stirring said pulp dispersion; and
draining water to deposit pulp on a paper mold, 10 wherein a drain unit
having a sectional area larger than a plane area of  



said paper mold is employed in said draining step. 10. The method of
manufacturing loudspeaker diaphragm of claim 9,  wherein said drain unit
comprises a syringe and a plunger disposed therein.  11. The method of
manufacturing loudspeaker diaphragm of claim 9 15 or claim 10, further
comprising a step of stirring, wherein said stirring is  performed before
said draining. 12. The method of manufacturing loudspeaker diaphragm of any
one of claim 9 through claim 11, wherein said draining is performed via a
water flow control plate disposed at a drain side of said paper mold. 20
13. The method of manufacturing loudspeaker diaphragm of claim  12, wherein
said water flow control plate is provided with a slit having at  least one
of ring-shape, cross-shape, concentric-shape, oval-shape, radial shape, and
star-shape. 14. The method of manufacturing loudspeaker diaphragm of any
25 one of claim 9 through claim 11, further comprising a step of drying,
wherein  said drying comprises a step of dehydration in which pulp
deposited on said  paper mold is rotated together with said paper mold to
remove water. 15. The method of manufacturing loudspeaker diaphragm of
claim  14, wherein said pulp deposited on said paper mold is kept with
compressed  30 air during said rotation. .16. The method of manufacturing
loudspeaker diaphragm of claim 31 January 2005 13 14, wherein hot air
drying is additionally used in said drying. 17. A diaphragm manufactured by
the method of manufacturing  loudspeaker diaphragm of any one of claim I
through claim 8, said diaphragm  being controlled of internal compositions,
5 where, said internal compositions means a direction of pulp  



orientation, existence of partial and intentional differences in pulp
density,  kinds of pulp materials and their blending ratios, and addition
of inorganic  fiber other than the pulp and powder. 18. A diaphragm
manufactured by the method of manufacturing  10 loudspeaker diaphragm of
any one of claim 9 through claim 16, said  diaphragm being controlled of
internal compositions, where, said internal compositions means a direction
of pulp  orientation, existence of partial and intentional differences in
pulp density,  kinds of pulp materials and their blending ratios, and
addition of inorganic  15 fiber other than the pulp and powder. 19. A
loudspeaker using the diaphragm of claim 17.  20. A loudspeaker using the
diaphragm of claim 18. 31 January 2005 14' ABSTRACT A loudspeaker diaphragm
manufacturing apparatus of the present  invention comprises; a paper tank,
a pulp dispersion reservoir tank connected 5 to the paper tank, a stirring
means provided in the paper tank, a water inlet  unit connected to the
paper tank, a drain unit disposed under the paper tank,  and a paper mold
disposed at the bottom of -the paper tank or in the drain unit,  wherein a
"sectional area of the drain unit is larger than the plane area of_ the
paper mold. The drain unit may be further provided with a water flow 10
control plate in a draining direction of the paper mold. According to the
manufacturing apparatus and the manufacturing method of the present
invention, diaphragms with very uniform internal composition and
diaphragms with intentionally varied internal composition in accordance
with  required sound characteristics can be mass-produced with good  15
reproducibility. 


