;me3e_ \|1"6T=B( DESCRI PTI ON MANUFACTURI NG APPARATUS AND MANUFACTURI NG
METHOD OF LOUDSPEAKER DI APHRAGM THE DI APHRAGM , AND 5 LOUDSPEAKER

TECHNI CAL FI ELD The present invention rel ates to a method of manufacturi ng
a di aphr agm f or"°{°%4 dspeaker used in vaili ous video and audi o equi prent, a 10
manuf acturing a [ , and the di aphragm manuf actured by the nethod, and
a Ioudspeakﬁu““mﬂ m@@ di aphr ag géww ART Manuf act uri ng technl que
of a conven eaker di @J‘ﬁ |1 be described with reference
to a sectional view of the |oudspeaker in Fig. 6 and the schematic view of

a paper formng machine in Fig. 7. An exanple of |oudspeaker shown in Fig.
6 conpri seMANYHACTURING APPARAPUSSAND MANUBAGTBURING MEEHOt er

G aphr agm & wih GOOHsHRAKER S RRERE bR BEAPRRAGHE ANH2 cige 5o

and |tss i nner periphery bonded o Yﬁ?g E 4; and danmper 5. As the
di aphragm 3, a plastic or netal - 9 drraphragmis avail abl e, but a paper

sheet is generally enployed as a | oudspeaker diaphragm P | ent
in physical properties such as Iar&e internal loss and ri wnmﬂm Hm ml 5 are

basically required for a | oudsJ&KENIGIALKIEGR and al so, it has,various
features _such bein |nex ensi ve b(% g F‘b‘ﬁﬁ €I e.to obtain. .
characteristics l?ﬁ)pPrc? Fﬁ"atIB Riion ¢ agﬁpl t B Bfeﬁ'd'lana(i}HPPgué ki nds
of pulp l&ﬁﬁghf’a"grﬁ %r%hﬂ%%@dker%i@l“ﬁ apdribdsn9idet had Mﬂlodé@tﬂ nR@ rde of

a paper sheet wll be 30 described wth reference to Fig. n Fig. 7, the
di apHDagmnannfa‘cﬂuﬂnlglampaaama,r and stheodjaphszzm pmpaanfactured bgnﬂhelmeﬂmd f eedi ng

di sper sed ter beat.in p nold 12 made of wire nmesh or the |ike,
measur i ngar{)‘ﬁ’f‘nﬁml Pﬁékerrrﬁﬁlégth d}‘){lﬁ}{aa%per sed in water, feed pipe 14, feed
val ve 15, water inlet pipe 16 for diluting the dispersed pulp, inlet valve
17, drain pipe 18, and drain valve 19. 5 The paper form ng process using

t he above apparatus w Il be desmmgd{(DUNmeglfwl lowing. First, water is

supplied fromthe dilution water inlet pipe 16, and after the water |evel
becorres hi gher Maanfadteripgplechnigiue op a pnevmﬁu@laiu kp@spﬁdfﬁrndwhrwnby t he

to th t O that., th
reasyel Ny PR db3cliBe VIR LSl oL e ERRl ka0 e 18UdSicahs W g, 1S
means 10 6 Ahd The BERARAGE iR bf A W%ﬁhn@hﬁcﬂi@ﬁmgw and dilution water
are supplied into the paper tank 11, and uniformy stitred, the pulp

material int heApapmmpbnlof 1Ibublsgczds:rt shewowlny Rigpc@ctonmn&dsenmnetlcnol d

12. Tofinish 5 this .prqcess in aa:hort tine, 'smlsaco n nethod to
rapidly diEFHt £ ROmRRHY srlpwier piate Witha gentes poitmagrstnlly URpez Rlated a
draw do e r a 52 ort of
t he pap\é\?l?g%ﬁ&)d]?aéhetgg %@ rﬁ{ f]rra?)l)'g}éatiéd ﬁ%ﬁ{'ﬁdltﬁ hﬁpdg%? :F I'n tﬁ{a Bgtpegr t ank
11 i 20depmeiphedy donided tpahetframédlela edgbe3apanditd émosi periplerytbomdedper nol d
12 is taken out and dried, 20 then the central and peripheral portions
t her eof ayaice gPilgtiranddayBPes & t he di aphragm 3 shown in Fig. 6. Besides the

sbove oo, LAEt iy AESs HSENE o LAl 108 (MR PRRRRRIE "0
i's put it d pepaeéiivet i@pknandly smploypd 4y atoudspdakepldiaphragm. 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



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 nethod.

" The paper forned diaphragmis dried to be a | oudspeaker di aphragm as

required. In this case, it is preferabje to dry the |oudspeaker di aphragm
naturally. However, in the case of an industrial production, it is a comon
30 nethod to enploy hot air, hot press, and flanes individually or in

conbi nat itankild fardeeding dispersedmpuly afitey bieatiags paper miobd: 12 ma3dé\of wawgh t he

di aph 3 usi Ipis in ' d b il .ovided with
dest red SBEHHOEAN A cPicasyiuas Bnlol e ar MpIcan Bilp speiscdin SrAteY, fred | s

di fficultg; I LAl f Ul It ld 12
in the peiBP FOriseloralre dofovater ARGl et 6P O o aloRrBAUEIRIY O

in 5 soundlethalee 1) dalin pipoli8pand depaakes 1900 the other hand, as sound
sources are recently becomng digital and hi %régr in performance, it is
i ncre&singly rechbhg reapero femmgopracesst Wsingf thearaboaet apparptisousgdbeb&er

di aphr ag wi.t h highl ccurate reproducibility. The present invention is
intended?%cghﬁgéggﬂ?ﬁ%ﬁ%‘ﬁl}% probl ens and 10 to provide a manufacturing

met hod and manugiagt Wak &0 : f 1 : i H&g actured
by the method. and S BoaneBlel {fof e hARM RA: el R AIFMTA T
| NVENTI ONheSwitee lbveldsgeahes hifilephthag thegapbachold 12, theppalt dispefsidie

present inventi conprises,a paper.tank, a pulp dispersion reservoir tank
connect ednﬁésqrﬁa%b’a‘%@rmﬁﬁﬁﬂ{}n%{) i 13 inepnrladsinge dhe papes nknd. papllert ank, a

wat ery al nl I ; t, rad ni i under
the’ 1%er Tt G G GOn ) e HARP Tk 101 sBrighy althe ofheP SRR LT
in the dreang/m0f, 20 wherein a sectional area of the drain unit is |arger
than a plane area of the paper nold. Further, the drain unit may be

provi ded with aAfter @redétormume apouptsioé pulpt dispersivmiang diludon iwateof t he
paper nold. Accardi.n 0 the ufact uri ng. apparatu nd t hod of .t he
present i fff\‘?esi’llppgﬁ,g 1}1&) ﬁthf RAPEE F%Fq%fl? Ua’biPF%PﬁIF‘fﬁééﬁnﬁaoﬁl?d?%ﬁnﬁgr Hlf] &Bhr agns
W th excofieqfiper ARARIY Bddihé 1 s WPl Bepori BN Thy Papet IR 2.1 NYE TN
conposi tion arPg are intemionally vari'ed in internal conposition in
accort@ancthisptdresouma shioat Hategrii Hta commeonuimettod t8Rhpid] DATEIR tHEl WieOF THE

A N s i o il Py SRR ershoa s HABECTLS
rvent ofyme, 45 2 gl ESIRIERE GHRSHT S ol BbRL ICHTCRATRET,

wat er fl opalportited dd to Phe s iflf inatheapaierf @R N0 is@ePosieed Bn e papRier red
enbodi ment of theﬁ{esent i nvention. Fig. 3 (b) is a plan view of a water

f1 ow contmeld d2i t Thepulptepogitaseon ithe papgr meld H is takemoone ang rdsiask r ed
enmbodjyrent of .t he present invention. Fig. isca struct | sectiqpal view
o a2y tsRes SebleT ABn BOPEHF diliofs herircadhet wiEde: SREEE ') "
secti onal djmpRyigh 3esHoWIEPFAKE, i n one preferred 10 enbodi ment of the
present invention.
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.



Fig. 6 is a sectional view of a conventional |oudspeaker. Fig. 7 is a
schematic structural view of a conventional paper form ng machi ne for
| oudspeaker di aphragm 15 DESCRI PTI ON OF THE PREFERRED EMBODI MENT The
| oudspeaker di aphragm manufacturing apparatus of the present invention wll
be described in the followwng with reference to Fig. 1 through Fig. 5.
Incidentally, the sane parts as those in the prior art are given sane
ref erence nunerAltbouginthe diaplicagmidpusiog pudp esrinexpensize ddec¢ar bedagihpodi ment
ratus of the present |invention conprises

11In Fig. 1, .a manufacturin ppa
paper tarmoﬂ‘?qdn‘”\‘/&ﬂi lr&ﬂssegpa(s@amtﬁnw%by lending varoys kinds @GPYR, a paper

nol d; papek fen WM S e h [ ke ri 23 for
measur i ng?ﬁrsa?[e}?]%gﬁzt&?(gﬁ Béastggr‘rsa?bagﬁ@l %gélrly]egeédnsﬁ% ?rﬁ 3@# %@ﬁﬁﬁ%@@ coair
passage 4 therpsgdrrfiorfigng wabeéssi nIBierpfare, A6isf HabKi iouthe VhGatohy in

di spersion; feed valve 27 for pulp dispersion; and dilution water valve 29.
Furt h8r, sowadehagacieristicngfl agpudspaskent Omethgrathenhandwamsound somees ses a

cylindrical syri 21a .di sposed at, the baottom.of the paper. tank. 30 21. The
Syt nge 244 oREaR heeh bk PRIRL afn highel hdi St P5F intisinlhan o

pl ane ar . | | i ' with a
5 pl unge?%gggegﬁﬁcdﬁ%en? eg%%hgﬁd()ﬂd@aggﬁ%c?ﬁn%g‘?‘?\%ﬁ)i%ﬁgégﬂ!t gﬁ%‘% ﬁﬁt e inner
wal | of thighlyacauyetezrtproditmbilitynger 21b is noved up and down by hol | ow rod

21d provided with drain valve, 21c at the |ower end thereof. The paper
f or m ng net hod chah&vemwsn@t%ﬂ ireaddrest dhe Abaye Problemoand

follqw n i i I t r. .o e_pulp
di spgpisi gr? E’hé%@ﬁewdﬁﬁﬁﬂ}gﬁﬁmrg{gﬁﬁgﬁégr Zaglge(':‘?é %@Pg‘“gﬁ%gﬁﬂé’éﬂtr (S)mbfhae
neasuri nglinphtaga®, andiaphtaghh | maaufRiteredobpethe6mothed,! afid paneudépaake?l, and
after that, air is blown in through the air passage 25 to stir the pulp

di sper si dising thenfliaphragmy ring, the material pul p begins to gradually
deposited on the paper nold 22 due to its weight. At this tine, the plunger
21b corresponding to the bottom of the paper tank 21 is noved downward.
Thus, only the water in pigCpastiREANE PHEARSCSENTIONUGh the nesh-1i ke
paper nold 22 and is sucked into the syringe 21la while the pulp is

depodit ed on t HEhedpedsptakem diaph?agmharaninfadtoring napparpaseof the présent case,
since the water passi ns?;gt hr ough tﬂe rrélih oes downward ,uni formy ov(?r t he
entire scBVPBHAN COMPYIses & RAPSytanKgad PR SIOBOTGSGRYQIT 130K Fopagcte

turbul en f r.f C 1 SiqLS egt | . ea of
the syri ot Balfer EhEY o o BHnEgens Brbyided INSHEer EnR o AR 1n B T
paper nolhit Conaesivéndliie paper dangsd dirain it diposéd udldePshe phjser tamki of a
natural deposition, and it is possible to suppress the influence to the

pul p ori edtdaipapetimolddnstalledi sicp bettomeofitha paper tank o1 inethendrainawit; i n t he

o Do b RRn St hal A B8 Rraist VBl 1ot (i HIART kSl fhe "9 21
conpar ed gige mded. SPEafthef, MRt didh GRROBaYI BE . provited ¥ ilRREWatSESiow

productivity can be inproved. Furthernore;, a pulp orientation in a
di r ect i oncondrali plate i thehdralninghdirgati¢n et thespapse melddi cAteording thdheur f ace)
can be regulated by controlling a. ]oweri speed. of the syringe,2la.
Fur't her | TaRBHEwIE BPpHE AR aiechod RE HEPRSE DI aRLOR I ROSHT Went i on,
when di a Fnid | d oA hi nes,
even i n_ o RS SR AGh o RaMtant R oy R R TER o per
t ank2521, havee vdrppimidgm olitaiahedompesiionr anel wrd daseritionadly atarieds in That
is, quality variations, anong the paper form ng machines can_be suppressed
by cont r omnterAgl epr@ppsition ingiceeedances withsogpdichgraciaristics rgudiedance 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 diaphragns.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic structural view of a paper forming machine used

30 in the method of manufacturing loudspeaker diaphragm of the present

invention.



Preferred Enbodinment 2 Fig. 2 shows a schematic structural view of a paper
form,ng nmachine in the second preferred enbodi nent 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 esgential portion of the nmachine. In
Fig. 2, only the differences of the present preferred enbodi nent fromthe
first preferred enbodinent will be described. In the present preferred
enbodi nent, watlg. f2 aw eostheghatid i strysitatad 8iewl Sof sanditlsgropepenh dovméng pl unger
21b and pag&;iﬁrmld 22. In addition to the effect of the first preferred

embodi nerf ¢of the, preseht 1Y ed enbodi ment, there is provided the
t fl t:al Nt Rl Lent ad i I Se | Nt i |1
Control ed by migi o abis BB yibw 67 Wifes TP el My sTRe b Bebh o er

In this Wayming m&hpeshi bhe piefeeredtembodinte i @fnlle phevent ivvémidcs of 20
| oudspeaker di \?éhr agns. For exanple, the pulp orientation can be controlled
by ch&nging a Wiged (b)dwadplaactiephoby wateriflowgrapnitrnd slit rplateeofratpapet | ow

| slit .pl 31 | h I lit.cl
er pherytoutil B i ot Breréiyed StapGuimd] adBEpréceat ifydion n 7ig. o
(b). In this C"Fig; 4 he §|stﬁ1cﬁi}§ﬁ%ebﬁoﬁ'ﬂt viewn ded Hfs}'dfé eet@.ﬂ@ﬁﬁh@%‘f.rébed

ring shape and 25 cross shape, but various shapes a oncentric, oval,
radi al , sdiaphtagke of slnclprdsbat irsieapiea. can al so be used. Since the water flow
control by the gbove slit is perfornmed at a positiogn apart fromthe_ paper

mold 22, a sectlialgna %%i%k@?@é‘é’néi YigY oqafapﬂ‘nrlﬁie}ﬁ‘ﬁmif}f nBt ong tPrgfeyed hange,

and i.lb ise P&&iinpérﬁr&gﬂflg%&iggn&[t%%m[&gm which are 30 uniformin thickness

and partially con he pulp orientation. Further, the thickness of

di aphragm can [eigpéris aalethonaldvient 6ha iconathtiondMbudépeatter,  Thus, according
to the present elg)_r eferred enbodi nent, new effects can be obtained, in
addi tion to thd'igf ffdstassalrematic strueturgreicwr pbd comyeutinnak papes foeming bed

above, according to the dj aphragm manufacturing 5 method in the first
pr ef errednéﬂ]%lgﬁ%%ﬁ?u e?k%rp%aggg,ﬁmi nvention, like the sane as in the
draw up net hod of a manual paper form ng nethod for Japanese paper, the

i nfluence of the drain water on the pulp orientation can be suppressed.
Furtiér, it is pdESURIPION OF THEPREFERREDEMBODEAENT ng net hod of

obiai he by ¢ hol OISSAREY CIapTFEE TAMMBACIINDE CARRAFAUireh (RSB Ut | ng.
obt ai ned by the'l | oI P (M PSR ur
o T oal | 2Rvatid ol B Mokt ned on e FORG O WII R ERGLAFig, 1130 R0 5r or

f1 ow whi chigslsi. glinkcideditdl g rthe i sanicc pRAS tas MBoPERe thd PEiBr NGt BRS Bived. sakhe Al SO,
according to the diaphragm manufacturing method in the second preferred
enbodi mentcference aupresalsnand thedesasiptiany/ispempited.y sel ecting vari ous shapes
of er flow control slit plate 31 above the syringe 2la, it is possible
to iftentionally create a drain flow for partially changing the pulp

ori ent at i pRféf?ed BmBddigsnt 1/ N this way, it becones possible to mass-produce
di aphragns 20 with excellent reproducibility, which di aphragm havi ng

i nternal conpodint iKig. t hata caanufactrine gpparatisd ofy thd epresente invemtadn net hod.
That is, the diaphragns vi.n ery. uni forminternal conpositiqn, or the

g aphr agriOTRISR DU Y 2l dngu B ReisP HuLE s Ceefiaa s Aeaeubiki@hoe i ¢ h
required %Pﬁpgryﬁm&?ﬁﬁﬁér' MbiF225ARdO B e MEAFHF Btk YWkENnfR4SEiihE thnk

repr oduci
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



25 "Internal conposition” described here neans the direction of pulp
orientation, partial and intentional existence of difference in pulp
densities, and kinds of pulp materials and their mxing ratio, and the
like. Also, as a matter of course, addftion of inorganic fiber other than
pul p, powder or the like to the diaphragmis included for the purpose of

i nmproving the 30 characteristics of the di aphragm 8 Preferred Enbodi nent
3 Fig. 4 plsnges2ibiothichimeees upnad dovenvvdiilabding imgceantacpwitht thiecinnehe

di aphragm of the present.jnv iop. In Fig, 4, |qudspeaker djaphragm 35
paper forWad Oéﬁﬁﬁépf&ngﬁo@]&-zz l%epgqui:é Q&rli’elstlak’é‘ﬁgdma dopa &B}@Jl%rm ng
machi ne i Is ferr i r dryi ng equi pnent
36 in thcel%g(rzielsdéﬁ{wﬁ@%# gﬁ?}‘ggﬁéﬁé’égf%&?gﬁ{o@%’@s&é’ tgl(t;’{/ee-gr}?C%Ga connected with
conpressed ai r Fhepapdrdodinsng edhad by the fiférmingemachinead describédt i ng
disk 36c with o en?ng 36b, on whi chb?he ;?gggr nold 22 is disposed. 10 The
oper abi orindheff OWildg.ng equi pnent 36 is described in the follow ng. The

f d | qud di,aph 5 ] i . h i .di sk 36
Poget her wiin dHEtoat e BRESPoTh Kepl ALt Bipclid WEPLD fispRRifhad it n
the coverafehe 8ileROANMARr WA BEsREHGBIY Eﬁé;&lﬂ@d flf(ﬁﬁQRérﬁ@e[su%ﬁllgﬂfGaYlgr@S During

the rotation, in order to prevent the “peripheral portion o i aphragm
35 from fdmbthendjlweevater pipegh26 etecthe papet temka@t, drel afiedtifaty aieds blowmg
drying, the_ diaph ssed to the paper, nold 22 by conpressed air

ragm 35 is pr
to mai nt andhreughsthear pagsags %ﬁ?@s%tﬂr@eigulﬁ $PL8I08y conpressed air, the

| oud ker di - | : i ghs y ip. th
oraseeaker o RAEAITARY flormi{dr iipb ol BRaRAR, HEbAHIAon Mo L°
the decr grapeng nefldt 122 eddeecio tits keeiplithe d@aphiaotingd) the tplanpaperiyol d 22

when the conpressed air passes through the spaces between pulp of the
| oudspeaketTesipepdingia s bottpm wdithe paperiank: Hleisonappd dgwmsard2s Tiush t he

that e W IB cxtelr S TndRRREIard ZLEREER R VEh T bipsbritds Beat e €peed s
500 - | 80f) hRMiABECKIINGO TRE SPifsk 215 wHifS By gul:psisQle?o'sith %n'\fﬁd-pc?;égri nprove

the productivity, taking into account of a bearing accuracy an nam c
bal ande anohd @2; sthembyr édmhingnaapapeal sdnathiecasgnyinct e vavqr passing ai r
used, it is preferable to set the rotating speed to 1000 -, 1500 rpm and the
conpr essddreygh Hreeggeﬁﬁegqeé downwary gnijpEmly oger the RBUE sedinabageaas ed

embodi me ebﬁrﬂ;ﬁgeo!fﬁg oq;e)éi 4 H%P@ Bylo%%pttﬁ}l;digﬁée %?hM%{)t@JJtQP W been

d
descri bed, is also preferabl € 1o use conventronal alr drying
after dryedomrby centrifugal dehydration. According to the present preferred
enbodi nent, even when a conventional 5 dryi nﬁl met hod using hot air or the
li ke is enpl oyebhisdphesanssstheoseatinnahares of the sgringe pHaaignediivalsatto al r eady

renowed b ntrifugal,,dehydration, it.is _unnecessary Lo heat the diaphragm
exce g)i ve‘?lry(ig_ rpb?ag‘ JoF epr%lreatair% ek thRe PBP%‘pHPSE@ do %“Sﬁfﬂle’(’)ta&urtﬂel n

ot her word@iositior b pRIFERSAlmdt $kRIthefo £ FHadirae ﬂé?odﬂﬂbhkﬁn& €isifdssible
conventional | oudspeaKer di aphragm pulp deterioration of the “di aphragm

does not tocappressghe onfluendanty thenpiilp roriaht 3tiom due te swarlingofjtheadiajn shor t ened
as conparged wth the conventional dr jn% nmet hod by heating. Ai a result, a
heat _sourle [k dthal rORRTithi the 7 onV IR APRACHYS AEBE DRRRT EOTTBIREo

gggg%aﬁﬂgﬁlﬂ@@{ :siggre the syrite 21h R HOVYE WoWilRArdT#hEBH1p HESoAAREApLOR | S
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



work using a |large dryer, but in the drying nethod of the present preferred
enbodi nent, the drying process can be incorporated in an autonated
production line, greatly contributing to the inprovenent of productivity.
In the present preferred enbodinent, ig is described that a di aphragm 20
formed in the preferred enbodinment 1 or 2 is used, but it is also possible
to apply the drying nmethod of the present preferred enbodinent to a

di aphr agrpapsf dianks| theediaphvagms qohtninedpare extramedy nleshan, vatiatiansen i n

t hat cas h imlar gﬁfults can be obtghned. Fu&ther besi des a Iougspeaker
di aphr agniidtt 1. Q3L pyartatiphs, among, dhse bapsi fgriuie crachues gan be

centrifugg Rl A : P 3 er

cont ai nﬁ%r"ﬁ%ﬁ%@&%&%@eE@S’?%S%ﬁ%g’%@?%ﬁ@é}g%&?@ a%g?/ﬂgﬁl%h)g about
consi der abith thefsizés of ahe tpaper eadt Ron dh thienay, ¢loe pregentdavemiot is ng. 30
Preferred Enbodi ment 4 A | oudspeaker in one preferred enbodi nent of the
present igffegtiviector staide wppplynel adasgeipaatity of diaphsagmse to Fig. 5. The
poi nt of difference of the | oudspeaker in the present preferred enbodi nent
fromthe prior art is a diaphragm and di aphragm 35 obtained in the first
pr ef er r edpeiroed Paibodikicag@h the third preferred enbodinent is 5 used to
formthe | oudspeaker. In the present preferred enbodi nent, a di aphragm
havi ng very unifigr 2 dhoves aschematiosituicturabview dif gppaparrforinihg imachine|

ition.intenti || h ' d Lth ired d
Char act eriRoteosseoad RESeked GPRRIEIAR (9% e BReseBLUNFISION cr Ao BRbOH mont
char act o8 . G bodi e
i st PPout o e g (D ARA et SO R e f IR EORANSACPIACIIAER 8702, o

of surfacasessentiebponivn afhtheomaehipeysi cal neasurenent of gas perneability
and light transm tfance. The visual observation of surfaces or sections can
be 15 observed IByFih dpenlyathendiffergnesse of 4he diresant prefgrsed samfndiment 5

f ' i i h t f d
cmbodi mertom 1, drsp BRI ed L6 PR WAl arcl on-of oudspeakers
having stabl e sQuhé redémCcHREEFEd @nBOMifTERLOWARS b RRIUMAELTESIIM flRteUsi f or m

quality or diaphragns 20 with internal conposition intentionally controlled
i n ad&or dandisposach behwepuplusgesr. 21 NDUST Raper ARGl @2BI UnTaddisione s theed

cbove, LY el TSt RO o ebspegker 25, dcelr g o1 L present
01,0t Bk 9ol ) Gl cor TP Al A0 L
sound chasamteatticiialbs 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.



11 CLAIMS 1. An apparatus for manufacturing | oudspeaker di aphragm
conprising: 5 a paper tank; a pulp dispersion reservoir tank connected to

" said paper tank; a stirring nmeans 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 nold disposed at a bottom of said paper tank or
in said drain unit, wherein a sectional area of said drain unit is |arger
t han a pl’Ems, aacsardingsto dhpgpesentoprefered abagiment; uew @ffesthwhacber i ng

| oudspeaker, di gphragm of claim.15 1 urt.her c rjsi a water flow
control pﬂ%ﬁ?’é‘ear&ﬁg@alqnntos@?&f éﬁﬁfihﬁf“ﬁ ,prgf)echA Wpﬁgdﬂpgﬁction of said
paper nol d, 3. The apparatus for manufacturing | oudspeaker di aphragm of
claim?2, wherein said water flow control plate is provided with a slit

havi ng at IeastAS)ndaesciibleHngbehe,p@.ccorcﬁaE-$dilaﬂrb, digploagit i mafbfyeeuring
oval - shape, radial -shape, 20 and star-shape. 4. The apparatus for
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| oudspeaker diaphragmof claim1 or claim2, wherein said drain unit
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has an opening, 5.9. A nethod, of manufacturing | oudspeaker di aphragm
conpri si rRpReKfosmipg mgachines, 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.



I ntroduci ng pul p dispersion into a paper tank; stirring said pulp

di spersion; and draining water to deposit pulp on a paper nold, 10 wherein
a drain unit having a sectional area larger than a plane area of said paper
nold is enployed in said draining stegg 10. The nethod of nmanufacturing

| oudspeaker di aphragm of claim9, wherein said drain unit conprises a
syringe and a plunger disposed therein. 11. The nethod of manufacturing

| oudspeakuefatrebBEmhpdiofentBai m 9 15 or clai m 10, further conprising a step
of stirring, mﬁﬁreln said stirring.i s perfor efore said dr |n|n

The nmethod of raBuftalt AritHFHELspHARRE viFw agqfﬁmgwlmsnb of: the

t hr ough ﬁ%maﬁl sp@@&rﬁ*e@eﬁﬁ q'eﬂﬁﬁhn' ng is perforned via a water fl ow

cont rol rain side of said paper nold. 20 13. The
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water flow control plate is provided wth a It havi ng | east one of

ri ng- Shape the opgstaker pat chdheempcr éomm;gemaéhm&@m@c riadthgl preferped  and
star- shape e, met nuf acturin egker di aphragm any 25
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wherein sa ef)osMe%Glon sai d paper nold is kept with conpressed 30
air duri n‘ﬁ P3P5T M s dfpROS¢Et hod of manufacturing | oudspeaker

di aphpagm of Cl'laﬁén opetation 18f the drying equipment 36 is described in the
following.

The paper formed loudspeaker diaphragm 35 is disposed on the
rotating disk 36¢ 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 36¢ 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.



15 14, wherein hot air drying is additionally used in said drying. 17. A

di aphragm manuf actured by the nethod of manufacturing | oudspeaker diaphragm
of any one of claim1 through claim8, said diaphragm being controlled of
internal conpositions, where, said intgrnal conpositions neans a direction
of pulp orientation, existence of partial and intentional differences in

pul p density, kinds of pulp materials and their blending ratios, and
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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 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
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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.
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3yl #18% & () - -ADIPEL 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:
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L 10% & (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 claifn 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
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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,




