31 Januar y 2005 1 DESCRI PTI ON MANUFACTURI NG APPARATUS AND NMANUEAGTERI 20N
METHOD OF LOUDSPEAKER DI APHRAGM THE Dj APHRAGM , AND LOUDSPEAKER TECHNI CAL
FI ELD The present invention relates to nmet hod of manufacturing a

di aphragm for | oudspeaker used in various video and audi o equi prent, a 10
manuf acturing apparatus, and the DESOREPTIOEnUfactured by the nethod, and
a | oudspeaker using the di aphragm BACKGROUND ART Manufacturing technique
of ‘a conventional | oudspeaker diaphragm 15 will be described with

reference t i ~e t o) r@%&

“schematic v&éﬁvmcggﬁﬂelﬂ ¢d¥#ﬁ%§%$l#§ﬂﬁ£&ﬁy#&%ﬁ?§ D}g?;\f)g | over

| oudspeaker sh@QPLOUDSPEAKERDIAPIER ACNIC TR TA S MO .

pl at ep-l a with a center pole, magnet 1b, upper p@te C,, ahgﬁ#nagnetlc gap
1d; fr8me 2; conical di aphragm 3LOUDSREAKERr 20 peri phery bonded to the
frame 2 via edge 3a and its inner periphery bonded to voice coil 4; and
danper 5. As the diaphragm 3, a plastic or netal -sheet diaphragmis

“avai l able, but a paper sheet ingjﬂQf Ai{"b rml)oyed as a | oudspeaker

~di aphragm Paper is excellent I'n pnysircal” properties such as |arge

i nternal |oss affther ipgeshnty invaitioad ralteda® GalhythoddWer eghfidhc&dRudspeaker
di aphragm .and alsg, it has various features such as being inexpehsive and
bei ng posélilﬁ?qﬁag@ sor dovdspenkerased iint veowppridey iamdeatdio equipmeyt| iacat i on

by bl egdi kinds. of | p-used.,as the material, A manufacturing
rr)ét ho.g@f o%&?@%ﬁ?g@% hﬁ@gégqs, f“@aﬁ’& %_éq’lg’é?g% m ac‘ﬂFP‘h_@é’cF Saethpd.n
.;jl;ej er ence ah@ aHo@dspeakieh ubing: th@di&ﬁﬁrz@hﬂphragm manuf act uri ng appar at us
conpri ses paper

BACKGROUND ART
Manufacturing technique of a conventional loudspeaker diaphragm
15 will be described with reference to a sectional view of the loudspeakér in ﬁig.
6 and the schematic view of a paper forming machine in F ig. 7.
An example of loudspeaker shown in Fig. 6 comprises magnetic
circuit 1 comprising lower pl'até 1a with a center pole, magnet 1b, upper plate
Ic, 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 alse, it has various
I_ features such as being inexpensive and being possible to obtain
characteristics appropriate for each application by blending various kinds of
pﬁlp used as the material.
A manufacturing method for diaphragm made of a paper sheet will be
30 described with reference to F1g 7.

In Fig. 7, the diaphragm manufacturing apparatus comprises paper




3i Jdnuary 2005 2 tank 11 for feeding dispersed pul p after beadtJngarydaper
‘mold 12 made of wire nmesh or the like, neasuring tank 13 for material pulp
di spersed 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
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paper nold 12, the pulp dispersion neasure asuring
- supplied ipipo ldhdepdprive dbk wider Afleepifd 16hEdr, dilingn® whe ddégpsed palp,i n t he
paper tankplléi if}ﬁii]j(ged by a% oré’)i‘her stirring neans 10. After
pr edet er nithé&d V4 ssUIgfn Blﬂepi jagdetrairalysdl%i | uti on water are supplied
into tke paper Kk | f stixred, the pul p materi al.,,i t he
paper ?ank 11 bt(ggllra:néjlzl i) 6 :@owggédéédc?s‘#% %#f“fghgh%a%%q"%nﬁ’é’aiaﬂsTgﬂfli ﬁf’sh 15
this procdsscribedistiy followige, it IS a conmon nethod to rapidly drain the
water fromthe drain pipe 15._Thi‘s method is called a draw down nmethod. At
the time, a swhilstwaigeneseppitdiram theedidutiom wader indét pipe 16apad afterk 11,
and the | p.rotated due to.t.the swirl in the paper tank 11 is deposited on
t he paper ?ﬁj%%[a&erig@ve?-}pgcgﬁeﬁ hig ?)rsm"’é'dthﬁnpzﬂ?f“é I@&Bﬁﬁn@mpmhﬁ dispessien out
and dri edmedQut e nfea bk ' Ay s Dard | f al cut off
to obtain theudi aphragm 3%ﬁ%ﬁpﬁlg%wﬁﬁlﬁéﬁgégé?’%@eé@g‘\ﬁ/{gﬂﬁetﬁg@f t here
i s a Het hthat| theepulpt diapiessionial theepaiser tpalbdl ik atividigbyrit@dofer isir@Ap! oyed
] n) manuf act uri ri% Japanese paper. In the nethod, a net is put into The
wat er tanfC4H8 1Us s|iightly nmoved in all 25 directions to regulate a
t hi ckness and opicent at.i | 1 111 ful smanner, which i.s.then taken out of
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preferable to dry the | oudspeaker diaphragm
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 fcquired. 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 orde_r_ to efficiehtly dry in a short time.




naturally. However, in the case of an industrial production, it is a comon
30 nethod to enploy hot air, hot press, and flanes indivi dual3ll yamaryi2605
conbination in order to efficiently dry in a short tinme. 31 January 2005 3
Al t hough the diaphragm 3 using pulp is ingxpensive and can be easily
provided with desired sound characteristics by bl ending various kinds of
pulp, it is difficult to control the variation of pulp deposition on the

Panse var i at Foibdt® df HabhiaBhT £ GBIE TP s BRAGCRUSe pla ' oag, bR GR3 o
hand, gsosileddwibudeddagtindeciethtiérisies R blending ‘t@‘io@dqﬁiﬂﬁsg@??uip} it is

per f or mance, Is increasingly required to develop a nethod o

t
manuf actifficuy Itcv owaded dher vatiatithr of mulpi depdsitgon wnatheupaper maldr byusi did i ty.

The present knvention is in.h nded to.address the above r.o?l ens.and t
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di aphragm DI SCLOSURE OF THE I NVENTION I'n accor'dance w irst asp
t he pr ésenmingvegitiloand higher iis pepfosiiaded, #ris appaasingly fauirahtd develop g

| oudspeaker .di aphragm conpri si paper fank, a pulp.dispersion reservoir
tank coRBefedot o MRRIGAREME alRudspeaket iffagp'}ﬁ@g% Biy; dBEhbn ARG er

t ank, @Mﬁﬂip t unit connected to the paper tank, a drain unit

di sposed” under € paper tank, and a paper nold installed at a bottom of

the paper tEkp@isentinvieatidnds mtendéed tovhddedss the abeve phshleaiseadto t he drain
unit is larger than a plane area of the pafper nold. Further, the drain unit
may b@TPVHE dedranufachiring tmethadwndo mamiagtusing japparetugr af @i ng direction

of they. er nold,. ln accordange. wth,a secaond aspec f t,he present
nvendiBRtr sty 8 GigpBisRSGARRRER a4 a9 SR BRENEE RS adoriiietiiiihe
diaph&ggﬂkﬁqﬁﬁgﬁﬁing the steps of introducing pulp dispersion into a paper
tank; stirring said pulp dispersion; and draining water to deposit pulp on
a paper nold, wherein a drain unit having a sectional

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 m 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.




area larger than a plane area of said paper nold is enployed in said
draining step. 31 January 2005 3a According to the manufact usi nguappedsat us
and nmethod, it is possible to perform mass-production of diaphragnms with
excel l ent reproducibility, which have very uniforminternal conposition
and are intentionally varied in internal conposition in accordance with
sound characteristics required . BRI EF BESCRI PTION OF THE DRAWNGS Fig. 1
is a schematic structural view of a paper form ng machine used in the

met hod of manufacturing | oudspeaker di aphragm of the present invention. 31
January 20 [ fi ok m ng
machi ne of 9?%0&@1“&% 8 the ?H@%%h%:%gﬁ eh‘%ﬁif E@dl Igﬂegi%do . ﬁwtfaé\/gvﬁ{)le l@(Zl%?vato er flow

- cont r@ha@pmdubﬁm of daplapgms Mthn emeﬂenﬂmrapmducmm}prwﬂmh é@amm&rwnent
of the present. invention. 5 Fig is a pl an VI w of a ter f

cont r gnifgrm gnig@ads C@Iﬁﬁﬁ‘éﬁloﬂ oraﬁldngaﬁ‘ac Artcationalig: yarisst ey (1B al
enbodi nent of the ructural sectional view
of a &PWH? lté%flbﬁg‘%ﬁaglgée é@ﬁlr a%h%r o#tg{lﬁéc'é lsequleln%rt(1 invention. Fig. 5is a

sectional view of a Ioudspeaker in one pref erred 10 enbodi nent of the
present invention. gB 6 is a sectional view of a conventional

:coudspeaker. Fi g. f7 |I R(IjEEIIHES(:R&PH?]hE@ErH{B@MWN Zonventional paper
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t hrou nci dent he sane parts as those in the prior art are
gi ven sane ref erence nurrerals and the description is omtted. 20




Preferred Enbodinent 1 In Fig. 1, a manufacturing apparatus o8Bl {dnearp2eent
i nvention conprises paper tank 21 in which dispersed pulp after beating is
deposited on a paper nold; paper nol d422 nade of wire nesh or the |ike;
measuring tank 25 23 for neasuring material pulp dispersion dispersed in

wat er; feed pipeg;Lldn ;ai ) r sti.rring; er inlet_pipe 26 for
diluting the pufggd?sggfgf%%§ﬁﬁ e§é9§ﬁ9%F29€WbPQpﬂﬁghﬁﬁéﬁﬁ@gigﬁFﬂﬁ&d
~dilution wedchine/ef the pRsediUinb/Bfitiont he manufacturing apparatus of the
present invention conprises a cylindrical syringe 2la disposed at the
bottom of the phifer3 (Bnis BplaL viewhefsy wiatgeflawachresolosliteslateooph pupea t hat
IS equivak area. of the paper nold 22. Inside

. J ar. th | )
the syri ng@ﬁé‘fgomgé}ﬂpg\r}ﬁ%r@& RXFFQH?%@ Slilﬁggﬁﬁa%ﬂfztb@mrﬁmgaverg_iﬁqn.mi ch noves
d whi FENG; ol L ' ll, qf .t ' 21
The pitinger 21 T (s’ & pEA LAY obtd Weldoh Ehnmdtt Hats, Phacdameln or ain
val ve 21cferminganachine imIaﬂotliwr;ﬂ@ferreﬂ'@nb@@fﬁi@ﬁt%ﬂﬂle%r@@n@?ﬁ@%ﬁ'&ﬂe paper

form ng machine_js described 5 in the followng. First, w e plunger.
21b kept at theFigpers| 3 mtxuctunsd seetipnali vjpewsobr deyidgt tquipident ifon avat er

are respe ' fromthe nmeasuring tank 23 and the dilute water
pi pe 26 iﬁ%@ﬁ%éﬁg‘%bf%ﬁﬁiﬂ‘fengr?(?'after that, air is blowm in through

the air passageFigd §0istd rsdci®nit! PieW P’ 180dspdakdi t & oifd s ieg%re he
material pulp begins to gradually deposited on t'he “paper nol g eto
its W& ghembadimentofithepresemd inventiar. 21b  corresponding to the bottom of

t he -paper tank 21 is_noved dawnward, Thus, _only the water in the paper
.t'%k 21 passes ]leﬁrhdﬁﬁ SPﬁBOH%'sWEW ‘Rfeaﬁﬁﬁﬁ‘l”ﬂtmfﬁ\]/o@ismﬂheﬁ-s sucked into the

Y11 nge 21a whiki, e U ESRROUHAIRD UPE SRUER iR, )

formng a paper.In this case, since
goes dowmackinefof MspeMrdthmagm_i re sectional area as the syringe 2la
moves downward, no |ocal turbulence of the water flow occur.
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. 1 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 dispefsion 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.
'i Further, the 111.'mufacturint‘c,r 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




This is because the sectional area of the syringe 2la is equi $&lanary2605 20
or larger than the plane area of the paper nold. Consequently, the
deposition of pulp is alnost like thatSof a natural deposition, and it is
possible to suppress the influence to the pulp orientation due to swirling

of the draj ' in .t onventional appajpatus during
paper forﬁ%lﬁlgg r zghrﬁhiedrh kﬁl&"ﬁ%‘ép ?aﬁgu‘i?/‘?’flr%ﬁﬁ%%gn}gsl%%@cb d™Mfhe pulp -
deposi t i ngasipsPthe2Syriase DEa.i MTRE PIRL A RPTPAHRLIYH Bnd fopprat ur al
deposi tion, thus,ezgf,ﬁg%p_er sheet "productivity Can%%ﬁgﬁoﬁggf%ﬁyﬂ er nor e,
a pul p orfash2id poevided vethidraintviabve 2k at thed loveertdnel thieeqaift agm (that i s:

per pendi cul ar tg,the surface can_be regul ated by controlling a_ | owering
speed of the syﬁl?@ép?ﬁ .mﬁ{l%tni‘f"’éﬁ‘?dg’d'c@ed?a@&f&@fm% maniingds deseribetbt hod of
t he prgase%}ltthe%uiowﬁ tion, when diaphragns are manufactured by a plurality
of paper forming nachines, even in a case the paper forming nachi nes have

'di fferent si zesFieét, 3ith eeupluyig@095b kepaRethd 1Zhit, tREplipAMIp &S Ton
obtained are extrenely less in variations. at is, quaPi ty variations
anong t healghphte dilgiignryaienane mespectivelyesupplppt érose dhdynezsnring| tank @3 he

| oweri ng t he syrin 21a in accordan 1 th the sizes of the
paper t an%gdag%. &fl‘htct‘ﬂ?%}/%&i’?fﬁ Héoﬁbﬁféﬂf’r Faﬁ&eﬁﬁlﬁ qtger abraipls Blown or

stabl e sumnhvoth thd £if GRsHR DS fo/sil eI ARP AGIRSioR! ef e ed Enbodi ment 2
Fig. 2 shows a Schematic structural viéw of ‘paper form ng machine in the
secorl@ pr ef er r eliftenistictimg rthe ahatehnial puds deginsse gtddmallerﬁd‘éposﬁbd .om3thel0 ()

and Fig. 3 (b) shaw plap views of a water flow control slit plate which is
a“r%dessentl?aﬁgrpB?qqaor&on‘l%emndEshi‘ﬁ%lghlt-n FAd. this ding, tthe @lengereddds of the

pLeser RSSO Lo b LU RS FR °
plate 31 orly the whtepis tite papercank A1upates Ao udMotHRaResh-Mkethapér heldaddi tion
to the effect _of the first preferred enbodi ment, in the present preferred
enbodi merd2 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 thé paper mold. Consequently, the
) deposition of pulp is almost like that of a natural deposition, and it is possible
to supp‘ress 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 prbductivity can be improved. Furthermore, a pulp orientation
i_n.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




there is provided the water flow control slit plate 31, and t_rﬁélptuiaprZOOS

orientation is intentionally controlled by positively adjusting the flow
direction of the drain water. In thisénmy, it is possible to control the
sound characteristics of 20 | oudspeaker di aphragns. For exanple, the pulp

' ' . h [ t fl directioon by a slit
orovi ded apERdalEs 210 Uindhading SBRIRES, de Sisiemetvalish e vatioHons aring
[ i ' h ' [ a : sg,.Shape
ST as Shown 15 Qfalky RAFLADAL ) afong" MY pber Forpipb2uachind Kaficher 00

to the ab6VppPHRssed bijegntriolyng Heeple vearih @2 5perrastsths hgpiage B ivalccortangiapes
such as con eﬁhri c OV?%: radial ,  star-like, and other shapes can al so be

used. Si ncEH HBe Jiges, ok this,paRst tagks AL+ hin Hbév?éajé:tihﬂhl_?f@i?jﬁrmﬁ?ﬁ?ﬁais a
it : I ectd on t hi ckness o e
G aphr g Taeuye B aBR RAREL ofd et o fyRSr ek o oot ai n

di aphragns which are 30 uniformin thickness and partially controlled in
the pulp orientation. Further, the thickness of diaphragmcan be partially
and_ i nt enfrefgarad Embadimentsy. 31 January 2005 7 ThuE, accgr di ng gg_%_he t
resent preferr diment, new effects can be obtained, in addition to
!to he effe(F:)ts of ?ﬂ%%@ys Arishema %%HFWH?W%HQB@J%BHQ&%&/@}IH@
accor i ngin té RecshapRORARHIGHILbARAIY 8O me pIREAPthidhddi®, [ARS ERECS eI L0
enbodi ment of the present invention, |ike the same as Tn'tl met ho
of a Hhnué) pubEig.f(b) stypvwrpldidiciwy of dapaee sk 8dgfrol shepiai WigBEgs of the

drain water on the pul.p orientatjon can be suppressed. Further, it is
‘b'dési bl e £ CHBH @05'1‘1‘?1? Héﬂbecmiaﬁ M@anuf acturing nethod of | oudspeaker

_ _ _ nu udspeaker -
the manual paper Fvmeng HelisoARERedR, bY el nrplker Brpeiighl agme oy

using a pfrorrﬁtlietﬁr@lgrewrelﬁ@édﬁﬁﬁtWﬁhbé‘ﬁéscriﬁccii.S possible to realize a
paper form ng nethod which is not influenced by drain water flow which

slightly differk the pieseijeprefatecd eprodimrent, ngatca flowmeontrol slit plate 31
15 is disposed between plunger 21b and paper mold 22. In addition to the

cifect 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

) control.led 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
pos;ition apart from the papéf mold 22, a sectional thickness of the diaphragm
does not partially change, and it is possible to obtain diaphragms which are

30 uniform in thickn¢ss and partially controlled in the pulp orientation. Further,

the thickness of diaphragm can be partially and intentionally controlled.




15 Al'so, according to the diaphragm manufacturing method in thélaeopads
preferred enmbodi nent of the present invention, by properly selecting
various shapes of water flow control §lit plate 31 above the syringe 21la,
it is possible to intentionally create a drain flow for partially changi ng

t he pul l.ent.at. d ' s.tn this wa It becones possible to
nass P pr gd 81(113%6 i ag:%gﬁgﬁﬁs%z H{e{]mﬁ)f ‘%%gl?( 42 F*eéfﬁ Fgﬁ}%%@@ﬂiﬂ W‘Fy‘?ﬁﬁﬁg cf*dP&phr agm
havi ng i ntobtaiakd canmititibh 90 thd BEE ST thE Rkt Pf'ef&;reéf'eﬁ%cmﬁehr.e conventi onal
nmet hod. That is, the diaphragnms having very uniforminternal conposition,
or the diaphragns intentionally changed in internal conmposition in

accordance wth re ireg sqund characteristics can_be mass produced wth
excel | ent repr odifcidsstibed Ve, nReRHEImE: dRp dhe  digphragm c maggfacieriag nmeans

' ' fs Ptgtla PR @ T4 ' |.al |,nLenti onal. exi.stence of
L. 1S o T R QR e 3¢ A0 bRRbOR BRSPS
‘Tatio, andamieasiiketheAldsw-@s rcthddt bEra Ghawedll papera Bsknhin@n nffthdd Fogani c

fiber other than pulp, powder or the Ilike to the diaphragmis included for
t he pur podaP¥iese Papesithe infileenczooictha dasinewptsiriossthefpulp @rmndazlpﬁnmgm_l belI _
January 2 fenr Enbodi nent ,3 Fig. 4.is a.structural sectional view
of a d?/yi ggg%‘%ﬁ%ﬁeﬁfuﬁg% t'thdS RfIS§ ?éﬁn&?f"@%é‘np fal; W@Hﬂ%‘l‘l‘éﬂgn Fig.
4, | oudsperithed dfARAEISERLRP & Ty ns ' ivily 'taf B&n ONE
taken out of the paper formn maaghi hﬁggcrﬁgaﬁgﬁ%lﬂga%&lgﬁgﬁr%d
enbodl Grenneverdve gbtaiiival by yhenmaagal pagertfodming mdikodr esent pref erred
enpodi nent conpyjses a cover 36a connected with conpressed air pipe 36d

_\c‘nrjgpos ed at at TE%WrerWIi‘%Pé%ﬁ“_,fa‘éWBmﬁ Arplraggs drs RSB awplumalatyeaf ng 36b,
o o, SRR ) SBSHF, eTl DS Wb PRABRLLE
di aphr agmadiich sisdhepdaéidenced ey 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 c‘an 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 6f 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.




rotating disk 36¢c together with the paper nold 22, which is tRéfemaya0ed at
a high speed with the cover 36a to separate water by centrifugal forces
for 15 drying. During the rotation,. 118 order to prevent the peripheral
portion of the di aphragm 35 fromfloating due to high-speed rotation and

bei ng def ”fe r| n g, the diaphragm 35 is pressed to the paper
ol d 22 by & o maintain its shape. If no pressure is applied

26 rotati ﬁﬁsef’n?“%%e“&%?%i *’%@E“é‘ﬁf"%ﬁé‘%@ﬁ%@g%rﬁaé‘fﬂﬂ#@%@)ﬁi‘ﬂ%‘(’)& the"s50 s

provi ded teaphregmnsf thegrestanriaasntien.of the effect to keep the di aphragm 35
on the paper nold 22 when the conpressed air passes through the spaces

bet ween pul p of 1# Wégl%h@ﬁ@akﬁfer Chﬂlahj‘ragag&ﬁaﬁlp&ndonhad gmdpapuﬂenoldwéz
di aphrag th the nment se referred
enbodi %emﬂéalet gg%ﬁkeﬁle%'ﬁt eﬂﬁﬁ/ ng I‘l‘éaq%é%fdgﬁgg Eﬂ B}f’nprﬁ?ﬁfﬁ

Teliably dnitRdimBan 1t 210 e 0 3

conpr essed ai rlpressu:&g I's qu{é ag%ﬁag gﬁ}ggﬁf‘?@ ?(rirplsﬂoglge e pro%lh VI ty,

taki ng i nembadiment cofnpaisoear cowgr Ataucamectahd ity oamipsedzal ane pipt 36d

hi gh- spee rot%iel on and al so, an econpny of 30 conpressed air used, it is

pref er abl ispgsed.at ¢ {ap contarithgreoferns a gotating disk 366 withrapening B6bcompr essed
air presswhqcﬁ gleg%ﬁ)rer ranoglrﬁ?s d%é{’% gpuary 2005 9 In the present preferred

enbodi ment a yI ng od by centrifugal dehydration has been

descried, but The | 6p&asionprogf ﬁ{ealﬁr?ldgo SatBpmenn VaRt isORberid dh! )X Vi ng
,;f} er dryl by centrifugal dehydration According to the present

ef er r edfedf ment, even when a conventional dryi ng met hod using hot air

or the like is sinc th ter d| aphragm has been
al r eady Irermvedfﬁ%/) r?frfqrﬂ‘beéf lﬂ'é‘iipﬁﬁg? dﬁap g 3|'5Er1 sedy ofip thizat t he

di aphr agm# 5688 S g 0gs, not
occur. In oth lgg \I}\%f?,gc %etPerBvdﬁgfslféeF] rerklggir gg %ol}j?éneﬂ%}l clgkaga[he

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 diaphrégm 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
Iotlating 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 économy 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.




10 conventi onal | oudspeaker di aphragm pulp deterioration of Bhéandagpheagm
does not occur due to heating, and the drying time can be greatly shortened
as conpared with the conventional dryPng nethod by heating. As a result, a
heat source used can be m nim zed, enabling considerabl e reduction of

ener consunpi ' [.onal. od,, the operatjon is
acco%ani ed by F%?ﬁb %}%?ﬁt??%fg&%df%‘?‘ggaﬁ‘%@r ga%laﬁﬁ'ita%nf Héyﬂgy@%ﬁ]qﬁt{mod of
t he presertnipifagel deblydranbadhaebeen degcidbod, NBuPiiOBESR0 Cl?x@fé}ﬂblc!”'?cp pRer at ed
in an automated, production line, greatly contributing to the inprovenent

of productPyventional hge piresdryingr after r dryingbdui n@mtl;iftigaéi _sleﬂgdméidngdtth?t
a di aphra formgd in.th referred, eqbodi ment | or I's used, but i
is al go p%g Pg(ﬁggttgnﬁjé’pB}'e;?ePﬁQP%éﬁeﬂgelﬂgP Beeth ke Wﬁ%%&lFO%Y?ﬁWEd

nmbodigrentr$i ' : A t: ti g
mothod At B anClRANARE R A LNEE, Be iNEnBYER ADP PR el R,
‘besi des ain thaldipphkagmdimpbeagalready rsmposdiblyl ecrteif@gill delivaeati®b i@nyi ng
nmet hod based on centri'lf ugal dehydration of the present preferre

enbodi menPIRRFEESPApIOr headthgi diaphigesy cgaessivalpransipwlp detoriordtiomifigheret hod,
and it ma)ﬁalﬁ 'é%n%%yhogggﬁlderabl e effects for the reduction of energy
I N r

consunption yl ng. eferred Enbodinent 4 A | oudspeaker in one
preferred enbodin®ikerofwdrds, [ CARNprédvebietéidd e&ﬁagéawexﬁoqgaflﬂ& W ! be

described with reference to Fig. 5. The point of difference the
| oudslfeakeonyertional doedspeaker gphragm, epulpdidetariorhtiom ofe¢herdiaphagm i s a
thr ougn Ry ERETh BiofiRecenihihe drrdne Sime i b6 sevhy sharpaispeaker
L SR e PR MR, YR 4
heat source used can be minimized, enabling considerable reduction of energy
consumption.
15 Also, in a conventional meﬂmd, 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 1 or 2 is used, but it is also possible to

apply the drying method of the present preferred embodiment toa diaphragm

. E\-..,../;

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 conmsiderable effects for the reduction of energy

consumption in drying.

30 Prcfefred Embodiment 4

A loudspeaker in one prefetrred embodiment of the present invention




intentionally changed in accordance with required sound char aél éamatyi288 as
described in the first or second preferred enbodinent, is used as the 10
di aphragm Such internal conposition ald conpositional distribution in the
di aphragm can be confirmed through a visual observation of surfaces or

sections nY YA PBLT 6g§g‘$tggmtgosf gas perneability and |ight

transmttance. e Vvisua surfaces or sections can be 15
observed by an Thtigsht Of (lieReARR: oARhEI66AIRALKET § U6 r ace
roughness neasuring device. According to théﬁpr esent. %3@?%‘?@ g‘r%‘g%%i ment ,
it .is pos§mbodiment frent trenpribeartes s giaptivagm pand tidphussmesk ebmihay img

stabl e sound.. characteristics. by enpl oyjng diaphragnms with uniformquality
or di aphr Q’génélf%oPG&%Hefin?‘@bﬂalméHn’gggﬂgho‘%@i thiech pretesrad) cabedimentds i n
accor gancgsu fd‘fdrﬁf’theHB&@%?&%%erl NDUSTRI AL APPLI CABI LI TY As descri bed above,
t he manuf acturing netho oudspeaker 25 di aphragns of the present

‘invention provibeshehprdsentignefdresd dimbbdmasR, avidih Eﬁ%‘ﬁlx' RN
reproduci bility and stable zﬁg_l ity, while maintai nIi Ir:,lg I gh plflgdlyg{)l(vi ty.
 Al'so, masY0ipHR HHernad erppasitios s agdiapbragin pwithg istenma ceatpositiod or m

 ranur act arraRily Sanek 7 AR0daRce S rarised ssuadnapRRcieatEs atul p
or oV dod Lo d paper Lok oot WReRRd MARTARARE i WS a Mner
t ank:10 a @japhragami t di sposed under said paper tank; and
R, 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.




10 a'paper nol d di sposed at a bottom of said paper tank or in3$aimtagadn
unit, wherein a sectional area of said drain unit is larger than a plane
area of said paper nold. 2. The apparBtus for manufacturing |oudspeaker
di aphragm of claim 15 1, further conprising a water flow control plate

rovided in said drain unit in a dgaip direction of said paper nold,
g. The apparatus for manufacturing kgﬁggggaker di aphragm of claim 2,
wherein said water flow control plate is provided with a slit having at

| east one of ri ng-shape, cross-shape, concentric-shape, oval-shape,

radi al - shape, 20 ahel sipparathapefor4. mlinefappengt Uutiepedkenuf @aphfdgie

| oudspeaker di aphragm of claim 1 or claim2, wherein said stirring means
is air. 5. %ﬁﬁaratus for manufacturing | oudspeaker di aphragm of claim

1 or aim 2, ' Ld pul p dispersion reservoir tank has a nmeasuring
25 fu?\%tion. 6\.,\,&?%@&12%%%? atus for manufacturing | oudspeaker di aphragm of

claim 1 or clakpulp divpersidn réirdoid1AIA cORhdctE® W 5hiaGmpar $4E:nge and a
pl unger di spose?’ﬁlelr&gien. 7. The apparatus for manu?\p:{'1 turing | oudspeaker

di aphr agm of cl &ﬁﬁf{i@maﬂiﬁ_modﬁnﬂ@ shidp#;ﬁat'taglitp\r];ﬁhgg azgggarlgtg (rjg%/;tr]?ng
S?glkpgﬁn\t/\/,ni iﬁl g%%@‘%{g@é?telﬂiﬂ &E@C&é‘gﬁé@;pa%ﬁat%;coveryprpvi ded with a
G aphragm of ol S ce e e e A bl B "o opening. 5 5. A
met hd® of manufzipaper mgld disposedhen htaphradwnic papérd fankdor fh&aidtRm Of :
: ) 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, fadial-shapc,
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 lIoudspeaker diaphragm of claim
1 or claim 2, wherein said drain unit comprises a syringe and a plunger

disi)osed 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:




introducing pul p dispersion into a paper tank; stirring sai d3pngary 2005
di spersion; and draining water to deposit pulp on a paper nold, 10 wherein
a drain unit having a sectional area |4 ger than a plane area of said
paper nold is enployed in said draining step. 10. The nethod of

[ ' : .af cl ai e wWherein said drain unit
Compr ses & oyr iroREALElc bR AMAPRIR pobe Rl is affbOsEl e et hoa of

manuf act uri ng | audspepkeviddd apith aWiOndiresicd 4y IikPplft, Cl @i m 10, further
conprising a step of. ?tirri ng, wherein said stlrrPng is perfornmed before

said draining. $2. mamfhwf@tmanﬁﬁatmtimgihggaikm@p@qﬂﬁangagm of :ny
one of cla&a .9 . through cl.aim. wher ei n, sai raining is perforned via

wat er flow’ge’c}?ﬁr%]&l Saﬁ&é?tém&gg%%é@aséP WCUME-n si de of said Ipa_per TZ)I d\.NhZO _

13. T met hod of Uk { k | I clai m erein
sai d V\hgt er fIowg(':o%pgfzﬁlgpaﬁ}%%d%%%gdﬂﬁ#h@%&gfﬁ%ﬁga\ﬁl?\gcoﬂpnﬁlggst one
‘of ring-shhpstepsodss- shape, concentric-shape, oval -shape, radial shape, and

star-shape. 14. _ The nethod of manufacturing | oudspeaker di aphragm of any
25 one of cl ai mAIeHHaRgRulp dispeision inforhpapardapki sing a step of drying,

wherein said dfyLk | a_step_of dehydration in which pulp
deposited on s-algtéhﬁ%d%éeiaqi%ﬁgﬁﬁpsﬁrwf?f‘a% together with said paper nold to
renpbve water. 1ﬂraiffhtg\ﬁﬁie|ﬂ(?6d@b0§i@@ﬁie%‘6ﬁlérﬁ r npoyds peaker di aphragm of

claim 14, wherein said pulp deposit on 'said paper nold is kept with
compri&sed 30 whereinm drginanit haoting acactiodd. ardi target tingh oplamerubast uri ng

i ng. 1o HIHABRE RIS STIoVSR SasHOGRPIEE SEP. A di Aphr agm manuf act ur ed by
the et hod of rpeul a5kl iag gg%iigﬁﬂ%@h&fngdfo%%@a%r%fiaﬁ%g&”gf Ahir§' M
wherein said drain unit comprises a syringe and a plunger disposed therein.
11.  The method of manufacturing foudspeaker 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, w]izerein 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 clairh 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.
l 15. The method o'f manufacturing loudspeaker diaphragm of claim
14, wherein said pulp deposited on said paper mold is kept with compressed
30 air duﬁng said rotation. |

16. The method of manufacturing loudspeaker diaphragm of claim




being controlled of internal conpositions, 5 where, said intephénuary 2005
conpositions neans a direction of pulp orientation, existence of partial
and intentional differences in pulp detsity, kinds of pulp materials and
their blending ratios, and addition of inorganic fiber other than the pulp

and powder, A _di aphr agm manuf act ur ed by the t hqd of manufacturing 10
I oudspeak&#’ %&fﬁﬂpgﬁﬁ\a&? gaﬂf}gcﬁ]@d 1onplly Hsgddp SaihArEng m 16, said

di aphragm bei ngigont ; i it re. said i.nternal
conposi tions rre%gs 54 g(lhkl Efélrta%fgh rgéﬁ\%%%%urgg?? gﬁt;h%t @gﬁ}odg)@&sﬁ%@a‘; ‘fnﬂ%rti al
and i nt enlowdspeakicrf diepkrages of anpone ofeigin 1. thrdigdslaph &uhid d@pRfdgh s and

t heir bl epdjng rati?s and addition of inorganic 15 fiber other than the
pul p and gﬁmqntl@.edﬁ\of Bieysb spmpogiions, t he di aphragm of claim 17. 20. A

| oudspeaker usi e di aphr.agmyof claim 18. 31 January 2Q05 14" ABSTRACT A
| oudsg%aker di a%%‘?ggmsgﬁ(ﬁd"&g i ffamd)ﬁ’ﬁﬁ\i%susm&fm? hé Giestpp Oémpé‘fﬁi on
conpri sesprignfaieRy, dxadtk idi ISkl 7l n 5to
t he paper O?aﬁk, a sti rrliuﬁlfgoP aazgglp)?iggi%gﬂﬁ]idr{ﬁ? %Y%g{)neéﬁgp glnﬁ'ﬁ Ba&é/:\l{/asﬁgrf i nl et
uni t connkindsdof pulthengserials amhkhein bdemding untiosdiasd eslditiom d€rinbfanp@per

tank, angd. a er. nol.d disposed at the bottom of -the paper tank or in the
drai n uni ﬂ?ef&%é%‘%ﬁ'e@m 9Wedeka of the drain unit is larger than the

pl ane area of _ jde ' i i further. provided with
a water flow 101_%'onﬁ?6ﬁ9§%”r§ggpﬁﬁgﬁ8?@%¢nbép(ﬂl? e”@ﬁ]@f‘q 8? lpp,gufggg}g}ngm d.
Accori@® nglaudspéwker mdiaphaagmr iofi gamyp Peiatofs cdich tdehgusll a9kithi 06, waidrod of
ithe present [nvention, diaphragns with very uniforminternal conposition
and  di ap@@ab%wbpmg sontrellechaf intevnalicompoasitéonsa| conposition in :
accordance wt hw él%qui é@d S und1 characteristics can bg. mass- produced with
good 15 reprodugl > Sei¢ 1mteinal “composifions means a direction of pulp

orientation, existence of partial and intentional differences in pulp dénsity,

kinds of pulp materials and their blending ratios, and addition of inorganic
15  fiber other than the pullﬁ and powder,
19. A loudspeaker using the diaphragm of claim 17.
20. A loudspeaker using the diaphragm of claim 18.






