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relates to a speaker edge di sposed around a vibration plate il al

body) of the speaker and adjoined to the inner 0 periphery of asfipane so
as to hold the vibration plate in its correct position where it-is no from
freely vibrating. In particular, F@’eﬁ invention relates to a

resent

speaker edge that is produced usi &WJGA@@QNng corrpom“ ‘“mmlmm\‘m-.
mechani cal ly foam ng neans, and also relates to foam noldi M d
system and a foam nol di ng apparatus, all being de- i5 signed tesxmanrufacture
t he speaker - le;, , each speaker has a nmain vibration
plate 7 V\hos]getg‘gé i@ﬁﬁi mﬁed by a speaker edge 7a to a frane 16,
as shown in Fi 0 LN Vi ' l,ate 7 faking this pesition is
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vibration plate 7 should suffer any difficulty when vibrating
transversely. 25 In sone cases, the prior art speaker edges 7a have been

formed of aFIRUDOF 2849 NOPENTERQ | n other cases, a thernoplastic resin
such as an acrylic polymer, a polycarbonate, a polyurethane, a polyester,
a polyolefin 1 The present invention relates to a speaker edge disposed around a
vibration plate (viz., conical body) of the speaker and adjoined to the inner
10  periphery of a frame so as to hold the vibration plate in its correct position
where it is not »*adered from freely vibrating. In particular, the present
invention relates to a speaker edge that is produced using a thermosetting
composition and a mechanically foaming means, and also relates to foam-

molding method and system and a foam-molding apparatus, all being de-

15 signed to manufacture the speaker edge.

PRIOR ART
Usually, each speaker has a main vibration plate 7 whose periphery is
connected by a speaker edge 7a to a frame 16, as shown in Fig. 1. The
20 main vibration plate 7 taking this position is not hindered from vibrating in
an axial direction. The speaker edge 7a has in cross section an arcuate
portion (viz., corrugation) 115 that is curved upward or downward between
its outer and inner peripheries, lest the vibration plate 7 should suffer any
difficulty when vibrating transversely.
25 In some cases, the prior art speaker edges 7a have been formed of a
vulcanized rubber foam. In other cases, a thermoplastic resin such as an

acrylic polymer, a polycarbonate, a polyurethane, a polyester, a polyolefin

-1-



or the like has been nolten and injection nolded around the periphery of
each vibration plate 7. Alternatively, a foaned pol yuret hane bl ock has
been severed into slabs, each being subsequently sliced into thin sheets of
a given thickness so as to be heated and pressed in a nold to give the
speaker 5 edge 7a. The nolten thernoplastic resin will be kept at an

el evated tenperature from about 200 C to 300 C when injection nolding the
speaker edge 7a. . Thus, the vibration plate 7 being bonded to and nade

i ntegral w ohthéilikechae begntmiolfen %mﬂmnj@capnrrmaidsggmnnd the percpheayi of
likely to suffer fromthermal 10 deterioratign. It is a further problem

t hat %/he vu@%felhi%@tmarﬂ?at@bﬁer Altermagive @oﬁ)%wﬂ/imﬁyar@hane dleek| jashi gh

rati o of foam ng, thuys incyeasing overall, weight f the speaker edge and
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rubber h{;\s %(gggz adhered to the vibration plate, using a highly

sophi sticat flesi on t echnol ogy and neverthel ess encountering
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due to conpiitiih @couplebfamold S¥erRass 42 mrd 4299 3ikely B QUL FrRiARIthEARaL he
front and rear corners or surfacé layers has undesitably inpaired strength

and durghi | déteriofagonhnner periphery of such a speaker edge 7a' vibrates in
unison with the periphery of vibration plate 7, -7

It is a further problem that the vulcanized foam rubber has failed to
provide a sufficiently high ratio of foaming, thus increasing overall weight
of the speaker edge and vibration plate bonded thereto. In such an event,
the frequency-to-sound pressure property will be rendered inferior to those

15 which have been made lighter. In addition, the speaker edge of such a
vulcanized foam rubber has to be adhered to the vibration plate, using a
highly sophisticated adhesion technology and nevertheless encountering
difficulties in adhesion process.

Fig. 10 illustrates a speaker edge 7a’ (hereinafter called ‘thermally

20 compressed article of polyurethane foam slab/sheets’) whose arcuate por-
tion has basal ends 7b. The rear (convex) corner of each basal end 7b is
thermally stretched to have a lower density, during the pressing process
within a mold. Consequently, the front (concave) corner of each basal end
7b 1s rendered higher in density, due to compression. Such an unevenness

25  1n density produced between the front and rear corners or surface layers has
undesirably impaired strength and durability. The inner periphery of such

a speaker edge 7a’ vibrates in unison with the periphery of vibration plate 7,



but with the outer periphery of said edge 7a’ being retained in place by
the franme 16. As a result, fatigue of material will proceed exclusively in
one of those basal ends 7b, adjacent to the frame 16. The thinned region
7c of each arcuate portion basal end has not necessarily been satisfactory
in 5 strength. Each slab of polyurethane foamis not free from unevenness
from region to region, due to the foam ng process itself. The sheets
sliced from such a slab for forming the thermally conpressed article 7a'

of poly- urduhavith theoutey perephera/bbgsaiﬂdf édge Ta’ Gensd totaimeel meFrmotbmhé 0
the regions to in said slab. Thus, speakers 1 conprising the therndlly
conpressed [Eadér odgasreralt, efatiguca)ﬁ:ma&rla:lfWu]lhcpn’ec?&chbxehswd?il vinl bng how
a considerahle variation in their mninmumresonance frequency , varying
quality or Bgﬁh‘é‘iﬁréﬁﬁ?é egdst Hurad) aegntetaihs) ’@amalé.?t ffdmdtthimiedareg'aamedlf f or
100 sanples was found 15.Hz.. 15 Fi 18 is an enlarged cross-sectiona
schemem;f tﬁ\évcal? HECHRlE POEeR B‘i‘ﬁ%s@gdslﬁ)%gali@rt perpssaaly hegs satisfastaryain
sheets 117 sGovvntin Fig. 10. As seen in Fig. 18, a surface |ayer has been
depr essel dd Fﬂ% h‘he thermally conpressing nol ding process so that void
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of the resent invention. -
speaker edges 7a’ each composed of those slab sheets will show a

considerable variation in their minimum resonance frequency f,, varying
quality or performance of them. For example, variation of f, measured for
100 samples was found =15 Hz.

15 Fig. 18 is an enlarged cross-sectional scheme of the thermally com-
pressed speaker edge 7a’ made of the slab sheets 117 shown in Fig. 10.  As
seen in Fig. 18, a surface layer has been depressed during the thermally
compressing molding process so that void cells in said layer are collapsed to
give a harder and denser skin 68. An apparent boundary will be recog-

20  nized between this skin and an inner regularly foamed core. Physical pro-
perties change sharply across the boundary, increasing amplitude of the
resonance and causing a distortion in tone quality.

An internal texture of the thermally compressed slab/sheets article 7a’
will be seen in Fig. 3, that is a photo taken using a microscope of 60 magni-

25 fications. There will be observed a surprising visual difference between
this photo and Fig. 2 that is another microscopic photo of the same magni-

fications showing the speaker edge 7a of the resent invention.
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Speakers built in autonobile car doors or the |ike nust be waterproof,

wher eas pol yuret hane sl abs absorb water fromtheir outer surface. The
prior art speaker edges 7a' that are polyurethane slab sheets thermally
com pressed are therefore not waterproof to a sufficient degree. In order
to re- solve this drawback, it has been proposed to coat the surfaces of
speaker edges with a fluoride resin. However, in view of the open-cell
structure of those prior art speaker edges, any excessively thick coating
that will clog Sphakesslbuilipenautgmobilé cahdobtsior ithe likesinuss beukstedgroof,

avoi ded. Thusg, any atisfactory waterproofing finish has not been _
avai | abl e, &é@,ﬁ%%p&) ywrietleane istabsbahsorhi seatensiomatheir eowtestsurféive. prigedi ng
Japanese patent application No. 11-61879 discloses an inprovenent in the
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uni f or mo 25alyadaiided mangfhéeakREosd THE INVENTION 4 .. .. . The present

i nvention was nmade in view of the drawbacks inherent in
The preceding Japanese patent application No. 11-61879 discloses an

improvement in the described prior art speaker edges. According to this
proposal, a two-fluid reactive composition comprising an isocyanate and a
polyol will be fed into a pair of male and female segments of a mold,
15  through a stirring mixer. Within the mold, the two ingredients will react
one with another to foam and solidify, for example at about 60 °C. Due to
such a low temperature, each cycle of molding the speaker edge will neces-
sitate an undesirably long time, for example 2 minutes. Further, the two-
fluid ingredients once blended together will solidify so soon that the mixer
20  is jammed with them, unless immediately transferred to the mold. Process
management, including process control of interrupted operation, will thus
be rendered intricate and troublesome. The tow-liquid type raw material is
so susceptible to ambient condition such as humidity that the foaming ratio
tends to vary between batches or lots, making it difficult to ensure uniform

25  quality.
DISCLOSURE OF THE INVENTION
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the prior art speaker edges and the prior art nethod of making sane. A
novel speaker edge provided herein is nmade of a thernosetting conposition
that is a mixture of main ingredients, wherein the main ingredients are a 5
pol yur et hane prepol yner and a | atent hardener, and the |atent hardener is -
an inactivated solid polyam ne. In manufacture of the speaker edge, a gas
will be dispersed in the thernosetting conposition, prior to feed thereof
into a fermale nold segnent heated to a tenperature below the critical

t her no- sett i ng Thenprasent irversioss ssemady, inaviesv of the dirandmeks ihhetenbds pre
io viously been heated to a higher tenperature above the critical

t enper at ur e thgypriomart pypeaker sfand & priarhart freethiod 9égnekingssambat A he

i ngredients reatr% i th each other to solidify within the nold. In other
words, the TI9¥EfSPealar:¢dgs pravigsd thesein 15 madeiofia therorosetting comgposition
one-liquid t}\{%‘e.and capabl e, of . sel f-f.oam ng by virtue of the gas

mechani cal | y0&fi §pér ure Qfampin gReTedigats,  WhereinHaeemain tingeadirtsnaredad
directly_arqund t mai n vibration plate .so,as to foam and soljdify
surroundPng %uﬁ? ‘?%BF‘%PQW%@“C]SE&%W Bﬁﬁdqqe(ﬁui“&é the t@ﬂ’éﬁm@f iHagn
conposition: Iy NV, Lop can be.;injectgd. into nol d eithe

cont i nuousl §8%(FthﬁF§r§ﬂqﬁ é’r‘?tl}'?/r,%l%?'ld lr%cljﬂa fa(?mrserrﬁgﬁhpysﬁ TiG08% e €38e of
t he patent i catd : : 79, ik o . ruption o he | di

process can%@gi %ﬁﬁ}%ﬁs‘%@}%%&lg}%&éﬁghﬁ %éﬂé’qs’ll 1, ARt L‘H.%eeﬁ]&}‘%& Ption
need not be f 'm | Y. £ hlendi t he

| socyanat e gn%q%% yfg{&?d{%g?%éby d‘% r%?érlﬁéhal‘ %ﬁlﬁgaetﬁjeglbaqﬂgst © %’1@?33 t\?&%ppobe
produced nogh e I | e .

t herefrom soh?%? é[crg’;lesrtﬁj\ﬁrr%% o?lg#eggévmn%’?]ear ﬁ‘gﬁg p{gg)trf]& n%é\ﬁqggﬁ%zﬁ%ehag&feand
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with each other to solidify within the mold. In other words, the thermo-
setting composition in the invention is of the one-liquid type and capable of
self-foaming by virtue of the gas mechanically dispersed in said com-

15 position, whereby it can be molded directly around the main vibration plate
so as to foam and solidify surrounding the periphery hereof.

Such a one-liquid type thermosetting composition of the invention can
be injected into a mold either continuously or intermittently, and much more
smoothly than in the case of the patent application No. 11-061879. Inter-

20  ruption of the molding process can be managed more easily and at any time
wanted. The composition need not be fed to the mold immediately after
the step of blending the isocyanate and polyol, thereby diminishing material
loss.  There will be produced no flashes or waste around the molded piece
to be severed therefrom, so that consumption of raw materials can now be

256 reduced and any extra control is not needed in the molding process, also

lowering manufacture cost. The thermosetting takes place instantly upon

heating to a temperature above the critical temperature to give speaker
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to produce the speaker edges can be carried out by easier operations and
neverthel ess decreasing the ampunt of industrial wastes. A first species of
the present invention provides a speaker edge made 5 of a thernosetting
conposition that is a mxture of main ingredients, wherein the main

i ngredients are a polyurethane prepolymer and a latent hardener, and the
lFatent hardener is an inactivated solid polyamne.h A g?s. w il be Fhspersed
in the thernosetting conmposition, prior to feed thereof into a mold, so
that the corﬁ&f%ﬁtqfdmlf@mwlah@y.so thaiis ﬂ'@fomehbllcdlh%rmemddlopgngedti Qetdin )
speaker edge. The thernosetting conposition is of the one-liquid type |

whi oh the gd8 Pdueenthiei speaker drdgesr sanl heocawrietequerttyl gagienmpehaticmmand

it in a si e si cal nner. A second species of the present
!O(r)nsllenlt ?gnl Bweaﬁhww%ewaggﬁé ameunt efhindustralbivesteber noset t | ngI
conposition is fed.to the mold and around the 15 main vibration plate so
t hg}[) t he speaker& gHéﬁ SPpies 1 r the Presenle inyRiam prevades msspeaketiesee made

[ . dhered.to and integral with the periphery of
sai d pl abe. o AnhaREReRite “SrtpRaiin aBat Pnacmixbiepeb mase meredients,

sai d pl ate. _ \ ;
eature Mty ihin B8 R O S B bl Scoren
compos ¢ 1 on A AEndT nf tHE Jifeek FEkaRRYICRE ikehted sATEnayahShent o das
et T B 0 g B RO B ool B
ho present i moa 58 that B ORASLARbh Hdhs Aariglidifgy felf Mdrdi 85 ilEe "o
e R, A Py bR SRR AEIR i L e
in which the gas is mechanically dispersed to subsequently foam the com-
position in a simple physical manner.
A second species of the present invention provides such a feature that
the foamable thermosetting composition is fed to the mold and around the
15 main vibration plate so that the speaker edge thus formed as defined in the
first species is directly and spontaneously adhered to and integral with the
periphery of said plate.
A third species of the present invention provides such a feature that, in
the speaker edge as defined in the first or second species, internal void cells
20  are physically produced by instant expansion of the gas bubbles that have
mechanically been dispersed in the composition, upon injection into the
mold where each bubble’s internal pressure is allowed to equilibrate with
atmospheric pressure. The foamed structure produced in this manner may
consist of closed cells only, or consist of closed cells and open cells in
25  mixture.

A fourth species of the present invention provides such a feature that, in

the speaker edge as defined in any one of the first to third species, the void
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Such a fine and uniformsize of void cells is realized herein by virtue of
the physical foam ng of fine gas bubbles mechanically dispersed in the
therno- setting conposition, which bubbles are then allowed to expand in
the due to 5 equilibriumbetween the internal pressure of each bubble and
the atnos- pheric pressure. A fifth species of the present invention
provides such a feature that, in the speaker edge as defined in any one of
the first to fourth species, the void cells as.de.fl ned in any of the first
to fourth spelds eontrined dhereineare othmsizel falbingr wathina Phge 8nd M qboq%.e
distributed_beside this average. OMng to mechanical dispersi on of the gas
and physi caPug FaHBE @id; weifenn size I@ifrvcxld@el]speabahzmiberemf‘rg/ virték 6£the are
of uniform dLamatFrs as indicated by a sharp and histogramlike graph
shown in Fi Bhysisal foamiag of fing gas bibbles Igcfel_amgauy\mspmedpn?hfgg@?}s?? a
feature that, in 15 the. speaker edge as defined in any one of

fifth speci® ,lnﬁtcwgoﬁtlo@g@m@& blg?gqlﬂﬁgrwlmn allawedrtgee xgfand itSthe dudto

n8. T, am, n rocess r.elyi on the mechani cal di spersion and
8ﬁ§si cal® gx%@%’éﬁb&ﬂ"ﬁf Beiiicam, Hig daternak bressure iafagactp babblo andntheohtmost he
f oam ng rat'R T nih species of the present invention provides such a
feature that),ené@’ %@t{ e speaker edge as defined in any one of the first to

et G NN Y T S S I
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or i ot met T BS e it a8 AFOR EER & Bufisheliihat digBbd S iRE o o
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mechanical dispersion of the gas and physical expansion thereof within the
speaker edge, the void cells are of uniform diameters as indicated by a sharp
and histogram-like graph shown in Fig. 12.
A sixth species of the present invention provides such a feature that, in
15 the speaker edge as defined in any one of the first to fifth species, it has a
density falling within a range of 0.15 — 0.9 g/cm®. The foaming process
relying on the mechanical dispersion and physical expansion of gas bubbles
does facilitate precise control of the foaming ratio.
A seventh species of the present invention provides such a feature that,
20  in the speaker edge as defined in any one of the first to sixth species, it may
have a skin layer whose surface is embossed with the pattern of the mold’s
internal surface.
An eighth species of the present invention provides such a feature that,
in the speaker edge as defined in any one of the first to seventh species, it
25 may have the skin layer that smoothly continues to an inner core of said
edge, without any apparent or distinctive boundary intervening between

them. This is because the void cells are scarcely collapsed within the mold
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of cells. A ninth species of the present invention provides such a feature
that, in the speaker edge as defined in any one of the first to eighth
species, it may 5 have an arcuate portion whose thin basal ends are at

| east of the same density as that of the remaining thicker regions. This
feature results from the fact that any already foaned article is not
pressed in the nold, but an unfoaned material mass is foanmed and .
solidified in the nmold. Thus, the arcuate portion has an overall density

equal to or fAr greducingnthenforanéd spieakamedget thusdsnsueiigongifotms distribReak er

edge, thus affording smooth and even transm ssion of vibration. The

present i nvé’lftqeilﬁ- further provides, inits tentﬂ speci es, f a met hod of

maki ng a speaker, edge. This thod conprising the steps of preparing a

t her n’gsetti ng cMH&ﬁtSWﬁl thenprasen gt\mtmsrqmdesazm mfeatmerthetlt}&t .
repol ymer and a l.atent har er,, the latent argener ei ng an inactivate

gol !Od %m ya%ﬁé?e?lfﬁrne A3 dedmedy Ingaay, ons; Qfgtq@ 5% torgightihspeciebeit tthay nmo-
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g n e
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c : . . h
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quickly in a short tinme after

segnent 10f tbeat bb@ly”iet'%oﬁ?'(ﬁ‘ S84 %édlé?oéﬁ‘godértﬁlﬁkoé’lgb?’dr]igggélrﬁﬂg{lﬁSlglﬁee\%rper

tenperature 8 above e critical ‘one, eat e
press-fitti t@nemisdienrs Wbration.
The present invention further provides, in its tenth species, a method of
making a speaker edge. This method comprising the steps of preparing a
thermosetting composition whose main ingredients are a polyurethane
15 prepolymer and a latent hardener, the latent hardener being an inactivated
solid polyamine, then mechanically dispersing a gas throughout the thermo-
setting composition, thereafter injecting this composition into a female
mold segment heated to a temperature below the critical thermosetting
temperature, and subsequently putting a male mold segment in the female
20 segment, wherein the male segment is heated to a higher temperature above
the critical temperature so that the ingredients react with each other to
solidify within the mold while being foamed. In practice, the female mold
segment may either be heated to the temperature below the critical temper-
ature prior to or immediately after injection of the thermosetting com-
25  position, or alternatively be heated at any desired point of time but quickly
in a short time after injection. On the other hand, the male segment of the

forming mold may either be previously heated to the other temperature
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segnent in the femal e one. The foaned and solidified speaker edges can now
be produced at a higher rate and at a surprisingly inproved manu- facture
efficiency. 5 An el eventh species of the present invention provides such a
feature that, in the nmethod as defined in the tenth species, it may
utilize a high- frequency induction heater for heating the nold so as to
efficiently solidify and foamthe thernosetting conposition therein. This

i nduction heater wll raise the tenperature in an instant to thereby

shor ten t he abpskeethei eriticaloompeort be heatad insthntly TporopaseittingveP thomalki | |
further provides, as its twelfth species, an apparatus for carrying out

the method segmeuitng thecfenzalehenerosEheifogmedandsialidified spraréeedpdgans
defined hereinhefore. This apparatus com prises: 15 41. a suction device
linked to anevétkmhprodecedimp sdngher sateyandcaira surpmbingy tinepmrivetiomanu-
reci procatej,, t he device acting to suck air into the cylinder during
suction strdRetUSE STHEIEHCYt on; #2. a feed device for charging the cylinder

wi th the_conposi iOI’ll aftgr t he C#I'hnder is filled with the gas; 20 #3. a
stirring®devi ce MbCIGEINESREGISS, OkithE RFCHERH 1R YNty psRYides rsuchi a feahwegas

i ccti ng.  nBaa8. BieC BTag 4 apRos 3B: thenterilbrgies, oh MAY G FeAmbigh-
heated to a ISty efioh e RRER heaies The SoIde0 o5 o ccfiPientlvpis by .
oS " 52 S5 e RSP Bl s bt
thermoset ti RGIFFaisk Gl fedipétatihid’ fi afi"fhstant to thereby shorten the cycle time

10  spent to heat mold.

The present invention still further provides, as its twelfth species, an
apparatus for carrying out the method of making from a thermosetting
composition a speaker edge as defined hereinbefore. This apparatus com-
prises:

15 #1. a suction device linked to a piston-type pump having a cylinder
in which the piston reciprocates, the device acting to suck air into the
cylinder during suction stroke of the piston;

#2. afeed device for charging the cylinder with the composition after
the cylinder is filled with the gas;

20 #3. a stirring device for mechanically mixing with the composition
with the gas during exhaustion stroke of the piston; |

#4. a compression device for injecting the gas-dispersed thermo-
setting composition into a female segment of a mold forming the speaker
edge, wherein the female segment is heated to a temperature below the

256  thermosetting critical temperature;

#5. a pressing device for fitting a male segment in the female seg-

ment, wherein the male segment is heated to another temperature above the

—9_
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#6. a nol ding device for foam ng and solidifying therein the foam able
t hernosetting conposition. Athirteenth species of the present invention
provides such a feature 5 that, in the apparatus as defined in the twelfth
species, it may utilize as or in connection with the nolding device a
hi gh-frequency induction heater to solidify and foamthe thernosetting
conposition. This induction heater w1l raise the tenperature in a
shortened tine and at a | owered cost. The present invention does al so
provi de as thermesattisgrriicaddeinperaturdoareyst em for naking from a
t her nosetting c%gposi tion, a zi%gaker edge. This systemconprises: (1.) a
suction processlsi iymolgding slevige optoamingandasoludifyingntimreinntheMomh- t he
pi ston reci pi) caliegs, t he process bheing designed to suck air into the
cylinder duf fF‘gt HIGSeHIRYE CORPAMtI@Re piston; 15 (2.) a feed process for
charging the cylj ngﬁ{ vviﬁh t he cogpégsition after the cylinder is filled
with the gas: (3 yhutesnth Spegies, ok dh& nresentevantion provides sychia Heatuee
conposition i th  he gas duri exhaustion oke of the piston; (4.) a
conpr es S'}? on ﬂb&oixgg%e f"Bﬁaqaﬁ‘j‘%(‘}? 5%&“@ éngtlﬁ-t&ieiéér%éﬂesb hemay-utdozes as or g
conposition e, Se t of, a.nold forpi ng the speaker . edge,
wherein t hecp g}rlrg?tzoéggﬁhn'ihei &ragg{gaaleybceaat %%Eg’éff]&ﬂglﬁecwp yctigm heater to
t her noset ti ara tLcal ; ) _a pressi.ng prpcess for, fifting a
mal e segrren? 8%‘§{$héﬁ¢e@a%ﬁg3§§3{h%?ﬁ‘ﬁégﬁ\ﬁ%rc Inp}pqﬂbo Ief@ég‘rlﬂéih‘@tlpﬁl €3EEd to
anot her t enpglatidetRbR 1 itigal temperature; and
(6.) a noldi ngattglrﬂ%eﬁtess ?‘@?ér? g“z{ﬁﬁﬁg‘i dicf%s}gﬁ ﬁh@?ﬁ@#ﬁgweﬁe‘{?ﬁ@% oam able
thernosetting cqmROBiddedl invdRtioh "dbdy G ' -punp
Lher moset ting cROBidseAli 44N 21 PréMded BE £EFoRFRERN BhELRD- P

10 system for making from a thermosetting composition a speaker edge. This

system comprises:

(1.) a suction process using a piston-type pump that has a cylinder in
which the piston reciprocates, the process being designed to suck air into
the cylinder during suction stroke of the piston;

15 (2.) a feed process for charging the cylinder with the composition
after the cylinder is filled with the gas;

(3.) a stirring process for mechanically mixing with the composition
with the gas during exhaustion stroke of the piston;

(4.) a compression process for injecting the gas-dispersed thermo-

20  setting composition into a female segment of a mold forming the speaker
edge, wherein the female segment is heated to a temperature below the
thermosetting critical temperature;

(5.) a pressing process for fitting a male segment in the female seg-
ment, wherein the male segment is heated to another temperature above the

25  thermosetting critical temperature; and

(6.) amolding process for foaming and solidifying therein the foam-

able thermosetting composition.

~10 -
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with the thernosetting conposition for formng the speaker edge. The gas
i's continuously dispersed in the conposition which is subsequently allowed
to foamitself in a successive manner. In contrast with the prior art 5
cheni cal nethod of foaming the conposition, the foaming is done herein in
a physical manner. The piston-punp enables a highly accurate blend ratio
of the gas to the conposition, making it possible to precisely control the
foam ng degree of the resultant product. Either thg form ng nDIq or the

t hernosetting coapbis systam,tthel feciproeahipestonpumgi isegéedred iferntil ahe i
accel io eratin tqe solidification of said conposition and inproving
manuf act ur e With %P%F MBSO 1Ing icospasitiopdor derming hiee ppesiesntedgey eTheRas
provi des such a feature éhat, Lnﬁ%he system as defined in the fourteenth
speci es, it hEQnipueusly dispersgd in ﬁcﬁQi@PQzlti@Bswhidr isf mbne!q?_eaﬂsi aélowed
solidifying, therein.,t foamabl e thernp 1 5 setting conposition, a

hi gh- f rgqugﬁ%yﬁ%u‘é?qqinmh@atsgf“?esﬁh‘("s MARNRE | ol gaidrast wnth éhedprior tare

: . : . : I heat sajd osi ti
W ccted i ntepe eodhr oata g e ééﬁ&%@?@éﬁ@}%ﬁa&&% sisona bereie ol
| nvent i on- dadnetianaih, b6 SIRBRLOWR el ajienbE Sucume blend ritio
Cponker oqge 1RCrEis, B8 (R Tpltibbn, HTHE. Bofe BiBR R GeaSHE: rontigl &bt eni <
har dener . bel SaEIE (RERR OOTRE ‘?@ﬁ%%ﬂ%@?@@%ﬁtﬂZfﬁif?%;gh%“ﬁﬁng&“:gsélaiér[‘)%%ed

' is Ly i ' f there
nto a mol denenis ORITRAL IRSIERTRARNA I8 R aPbef b BbrebY RoGle

to giveld heespinkehe adbidifiensbn fbﬁ@ﬁﬁk@dmﬁﬁgg%déf?qﬁygf%ywﬂpg glgixég%ﬁ{%e fre.

ficiently does scarcely show distortion i
efficiency.

A fifteenth species of the present invention provides such a feature that,
in the system as defined in the fourteenth species, it may utilize, in the
molding process for foaming and solidifying therein the foamable thermo-

15  setting composition, a high-frequency induction heater. This induction
heater employed in the system of the invention will instantly and directly
heat said composition injected into the mold. This system is adapted to a
case wherein the mold is not heated, but solely the composition itself is
heated.

20 The present invention does further provide as its sixteenth species a
speaker comprising a vibration plate built therein and a speaker edge,
wherein the speaker edge is made of a thermosetting composition whose
main ingredients are a polyurethane prepolymer and a latent hardener, with
the latent hardener being an inactivated solid polyamine. A gas will be

25  dispersed in and throughout the thermosetting composition, prior to feed
thereof into a mold, so that the composition foams and solidifies itself

therein to give the speaker edge. Such a speaker thus manufactured ef-
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quency in the bass zone being not |owered too much, and is of an inproved
resistance to heat and water. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
a vertical cross section of the ordinary type speaker; Fig. 2 is a
cross-sectional photo of a speaker edge provided herein; Fig. 3 is a
simlar photo of the prior art edge nade of a foaned slab of two-liquid
type polyurethane; 10 Fig. 4 is a cross section of a nold used to make the
speaker edge.i.n accordance with the present invention; Fig. 5 is |ikewse
a cross secti@gnty dogs seagelhohow ristogtion, inmahend drquahtgf,chs (rjmbdré@oet Ifreat : on
late is placed when, insert-nolding the speaker edge around and integra
\?\A’th t he Berq‘kﬂ‘i‘&b’yn&he 58 ZpnsrBRINg M| IQt\@,TedHOEirgqu, and as bf ankmprayedm
showi ng t he %ro ess in which a gas is nechanically interm xed with and
di spersed i A%81S Wﬁﬁg@ﬁti Wal#osi ti on before conpression and injection
thereof so as to be foanmed in the nold for formng the speaker edge; Fig.
7 is a performance graph indicating a rel ationship between the 20

<8 orapn SRR PR R BN G T HE DR ARINGSC og1 cal " properti s
of the 1 nvent o 1ent dbaErTiedl ST Reflian tthy difinnideos heakers ade 1+ om
ol at fonshi p T ol bet aanas RSO ot Sndikel e BVl Bty 7
comari Son it the os Py T QI8 AR GHor R ol OLH FRAED i of

two-liquid tweeligald/ rethgpked at - 40 C Fig. 10 is a cross section
of an arcuate porqtiotr’ismﬁlg@l nt in the prior art

10 Fig. 4 is a cross section of a mold used to make the speaker edge in
accordance with the present invention;

Fig. 5 is likewise a cross section of the mold shown in Fig. 4, and in
which mold a vibration plate is placed when insert-molding the speaker
edge around and integral with the periphery of said vibration plate;

15 Fig. 6 is a block diagram showing the process in which a gas is
mechanically intermixed with and dispersed in a thermosetting composition
before compression and injection thereof so as to be foamed in the mold for
forming the speaker edge;

Fig. 7 is a performance graph indicating a relationship between the

20  frequency and the sound pressure as an output from the speaker;

Fig. 8 also is a graph showing the temperature-depending rheological
properties measured by testing, within a range of —60 °C to +100 °C, the
speaker edge of the invention in comparison with the prior art edge that was
made from the foamed two-liquid type polyurethane;

25 Fig. 9 is another graph of the relationship found between strain (viz.,
elongation) and stress (viz., breaking strength) measured on the speaker

edge of the invention in comparison with the prior art edge that was made

~12 -



speaker edge that was made by pressing the foanmed two-liquid type poly-
uret hane sl ab/sheets; 5 Fig. 11 is a simlar cross section of another
arcuate portion present in the speaker edge provided herein; Fig. 12 is a
hi stogram | i ke graph of the diameter of void cells present in the speaker
edge of the invention; Fig. 13 also is a histogramlike graph of the
dianeter of void cells io0 present in the prior art speaker edge; Fig. 14
is a cross section of a fixed periphery of the speaker edge; Fig. 15 is a
per spect i vefronethefoaredftivoetiqnat typeepolyurettiang, sdxeed at n40cf@ss section and
built in a speaker; Fig. 16 is a perspective view of a danped periphery of
the speaker 15Fgigh) ipararogs shetmon iof am assuate iartionam@sent it thepgioptaper
speaker; Fig. 17 is |likew se a perspective view of a rolled periphery of
the prior Speakeseadasr thatdgeas amaterby. pressing thes fommadi twa-ligusd $epé ipoly-of

speaker edge tBat \A%éri'ade by pressing the foaned two-liquid type
pol yur et hanBI&Napg skadésheetdio” THE PREFERRED EMBODI MENTS Now, some preferred

enbodi ment s of faczln]tsEJeci es.wll be described elow, referring to the
drawi ngs> The pfhs %ésﬁimlgﬁiq{ﬁ“ SEFHQR HANONEE arelale martionapresentein

| ayi ng- 25 fpen zett.e No. \I£d9 [ 26374 issued for the application filed
one of the %rgé r&gﬁpiﬁfﬁm 0 B¥fi€Ngazet t e discl oses details and exanpl es

Formthe - 13 Epeckers BaystigeaftkE et ohheinmetet aigvaideelobissent,

:Evggtﬂlﬂof\ OIn thoeu.{;?eak%r%8|g¥'o$f0[ﬁ¥61‘rq%r?tigﬁ;d/Or a urethane polynmer may be used

Fig. 13 also is a histogram-like graph of the diameter of void cells
10  present in the prior art speaker edge;
Fig. 14 is a cross section of a fixed periphery of the speaker edge;
Fig. 15 is a perspective view of the fixed periphery, partly shown in
cross section and built in a speaker;
Fig. 16 is a perspective view of a damped periphery of the speaker
15 edge, partly shown in cross section and built in another speaker;
Fig. 17 is likewise a perspective view of a rolled periphery of the prior
art speaker edge; and
Fig. 18 is a schematic cross section of speaker edge that was made by
pressing the foamed two-liquid type polyurethane slab/sheets.
20
THE PREFERRED EMBODIMENTS
Now, some preferred embodiments of each species will be described
below, referring to the drawings.
The present description recites here the international patent laying-
25 open gazette No. WO 95/26374 issued for the application filed one of the
present applicants. This gazette discloses details and examples of the

thermosetting composition used herein as the main raw material to form the
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nation or solely, wherein the urethane polyner consists of nol ecul es each
havi ng active ends sue to an excessive anmount of polyisocyanate reacted 5
with a polyol. A fine powder of a coating am ne compound is used as a

| atent hardener that is an inactivated solid polyam ne having a nmelting
point of 50 C or higher and a nedi an di aneter of about 20 ,u or |ess. Each
particle of the polyamne is covered with a fine powder whose nedi an
diameter is 2 ,u or less so as to block and inactivate the active am no
groups. i0 Rpeakaraedge of theeimvention.anSnmmadameg the tprecedingy Ananeionr 66ps
is froml 0.5to 1 .: 2.0 after thermal activation of the am no groups. The
pol yur et han8Up%:ebRojyispcyaratendr@on ayrethenerpalyemeraimayi hgruseddiresombis any
one, or any canbi natiog,/ o[_l a .polyi socyanate_and a pol yure- thane

pr epol yner , NGHEROTSRIRY. | W ?’é?rmi@epu@p%@&jp@%’méémnsrst@bfanplﬂcyﬂﬂs eachh 15
an excessi vg anount .of a ola/i socyanat e conpound so as to have active _ends
in each nol 88VING AEHYE £1 & 4P A FaCHeTRameunt of plytrecynaate reastedt s
of core parti.gl es_gof paol yam ne hat.in turn is.solid at ropomtem

per at ur e'%)an&’1 Py%‘ﬁolayﬁz- a%*ﬁ%pgw [16fhg C@&%th FNIBY COMPOHIG A USed @Saa
medi an di a 0, r less.. Each rticle is.covered wth a
fine 20 powtBr i feBRRE s At flactiFafed 5008 oY ininSasisics Fuathing ngtat

i nactivate agti 1.00 u sent in. t surfgge of .said
particle. Rgﬂgg) 0 t*ghl@(??lﬁgjl g‘iﬁ%ﬁhﬁ @@héﬁgr qﬁ%b%lbt\/\g@#l PE s e cEach t o
be 1 : 0.00rficle: [ [.gft : | vi:$10C, { e.selected.from
aromatic coé%{)tbérqgs?pgﬁ? @gﬁﬁ{g? i ICS g@ﬁ%@@n slﬂgn%qgfel @?%% X‘?Prﬂjq’ ul§1hch
havi ng i socygyia, : l; L sac ( I(!%j

i phonyl ot onatr & ZI08r 1S SR §5 bk ahd ol the SSGVERE ol dhpsnac e
1, 4- pheny! eMoldi fasRF YRR Of thé%mi Y ' "y%‘ﬁ i -

t et ranet hyl xyl yl ene dii socyanat erfm}]oa h?lﬁ%% eizﬂgillgdéd - %g%%g%@?s %isl cﬁ%ﬂlolhéxyl

met hane -4, 0’5 @ 1300 afr eheBnsl actevatdn oPehe BRIIAY groups.

The polyurethane prepolymer used herein as one of the main ingre-
dients is any one, or any combination, of a polyisocyanate and a polyure-
.thane prepolymer, wherein the latter is prepared by reaction of a polyol with

15 an excessive amount of a polyisocyanate compound so as to have active
ends in each molecular chain. The solid polyamine is a compound that
consists of core particles of a polyamine, that in turn is solid at room tem-
perature and polyamine and has a melting point of 50 °C or higher and a
median diameter of about 20 1 or less. Each particle is covered with a fine

20  powder whose median diameter is 2 u or less so as to block and inactivate
the active amino groups present in the surface of said particle. Ratio of the
solid polyamine to the fine powder is selected to be 1 : 0.001 -1 : 0.5 in
weight.

The polyisocyanate maybe selected from aromatic compounds, ali-

25  phatic compounds and alicyclic compounds each having isocyanate groups.
Examples are: toluylene diisocyanate (TDI), diphenylmethane diisocyanate,

3,3’-dimethyl-4,4’-biphenylene diisocyanate, 1,4-phenylene diisocyanate,
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ene pol yphenyl diisocyanate, isophorone diisocyanate, hexanethylene diiso-
cyanate,- hydrated xylylenediisocyanate, any isocyanurates, carbodiimde or
S biuret derived fromthe foregoing isocyanates. Any one or any nixture of
two or nmore of these conpounds may be used solely or in conbination. The
pol yur et hane prepol yners each having active ends in its chain my be
prepared by reaction of a polyol with an excess of polyisocyanate, at a
nole ratio of OH groups to NCO groups falling within a range of 1.1 10

3.5. Such aylameodiisaoyanate; dettantethy iy hlemeddiofodyanata!naphthPaR dsso-
organi ¢ tin conpounds including dibutyl tin-dilaurate, bisnuth conpounds

i nl udi ng bi SYanAtedIgyelahssylmathaneahd tcﬁnsoegnaynzmnmenl tam 'ta*mgltwlynﬁgﬂgom
t ture or at. 60 - 90 . C for 1 to 24 hours, resul tant polyuret h:
prerergglr;‘rrgr Ve PP e@}’lsillsoma%tsylsmllg}fonéfdusmyananeyhexamylaylehe diivd- 15

s and have i scosity of 3000 - 50000 centipoises at 20 C. The pol yol
%guge any W?nﬁﬁyﬁ' %ttedp%‘i'l)}’i)?n‘?fglﬁ(\%ﬂp@@s any wocyayanaies, carbodioinidsweh as

pent acr y? or tigtet B5PR% BB Bhe Tihsiastd Fob@ienaiesol daame ohach misre ofne
B N A R O
ol veol , nexyl end 1 PEBI e BN, et tovund geie ¥§<§bﬁ§xe§%‘3ﬂ£3:eym
cert vl vos i beehakour 08" RSB A RAIPhL S0P S SR 1B Sl
o o ey B SR RO el ST B T
o) SApanS T BRI A Hiadbd YpMEAL b MBS s 2
cyanates |i stgahishy @onfiowits RIS BAARyPHRRAINIB e MEHAANAS hYSuRAY

inluding bismuth octylcarboxylate, and tertiary amine catalysts), at room

temperature or at 60 — 90 “C for 1 to 24 hours. A resultant polyurethane

prepolymer will have 0.5 — 10 % by weight of the active isocyanate end

15 groups and have a viscosity of 3000 — 50000 centipoises at 20 °C.

The polyol may be any of: polyether-polyol derivatives of polyhydric
alcohols such as ethylene glycol, propylene glycol, glycerol, trimethylol
propane, pentaerythritol, sorbitol, or sucrose, wherein polyaddition of alkyl-
ene oxide such as ethylene oxide, propylene oxide or any mixture thereof

20 has been carried out to these polyhydric alcohols: ethylene glycol, propyl-
ene glycol and their oligoglycol derivatives; polyol derivatives of butylene
glycol, hexylene glycol or polytetramethyleneether glycol; polyester-polyol
derivatives such as polycaprolactone polyol or polyethylene adipate; poly-
butadiene polyols; esters of higher (homologues of) carboxylic acids such

25  as castor oil having hydroxyl groups; and, polymer-polyol derivatives of

polyetherpolyol or polyesters to which a vinyl monomer is grafted.

As the polyurethane prepolymer serving as the one ingredient of the
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| socyanate groups, may be used. Alternatively, any m xture of these two

ki nds of conmpounds may substitute for one of themto be used alone. 5 The
solid polyam ne serving as the latent hardener for the polyurethane

prepol yner are aronmatic or aliphatic polyanmnes that are solid at roomtem
perature and have a nelting point of 50 C or higher. Preferable exanples
of such polyam nes are: 4,4'-diam nodi phenyl nethane; 2,4'- di am nodi phenyl
met hane; 3, 3' - di am nodi phenyl nethane, 3,4'-diam no 1o diphenyl methane;

2, 2" - di ami ndbephessiting compbisitionotefpiredyta lrdinbdifereanampimheypolyiso-

2, 4- di am nophenol ; 2, 5-di am nophenol ; o-phenyl ene di- am ne; m phgnyl ene

di ani ne; 2, F)ASRILA bstecddnbavee or 2ny- polyuyethened peepolgmerzhiving! aotienend
di am ne; 2, 6-tol uyl ene di am ne; 3, 4-tol %I ene diamne; and the |ike solid
aromati c poll§eeyHEC SHOHBE. Prast bedised. exadkprnatively; any Iixthirel of ¢hese two

di am ne; 2, 10- ec?.nedi am ne; 1,8-qctanediam ne; 1,14-tetra- decane di am ne;
1, 16- hexadeikdﬂgs SPNROURGHIMAYSYhskigutg| fosne of ey to Heiused. along. one of

. . . . B h ¢ b
Loed sol 81y or e S aa &%ﬂf’r?e'rﬁé'r’&@lgiés%ﬁ?%éa?hé{@n‘éﬁsifoéafésgxm”é‘ﬁm&hgve
o nact i vaddePEy By Atk Aramflie B iRty athings thiicaiectaligat orortem:
Tgtleﬂ'?c?l:a\r/gt G?Etﬁlihg unf e%of ch m nﬂa]y]g i&de ma;(%ge CQV%&%{ ith
the powder g#é e in8§t F\?ggl ﬁgnéea e pomii D ga;géit s %dn ni c abler or
o pon e SMES ool b RAr 8P MRS i3 47

i norgani ¢ inactivati ng ‘agen ani im

o2, L aeisapren i ety THRRARY. o, P 8o
i amot o1 of t proayt Mty . Rk RnoBiphsRl T SRS IS, 3iFI o 1

u or less. laminobiphenyl; 2,4-diaminophenol;, 2,5-diaminophenol; o-phenylene di-

amine; m-phenylene diamine; 2,3-toluylene diamine: 2,4-toluylene diamine;

2,5-toluylene diamine; 2,6-toluylene diamine; 3,4-toluylene diamine; and

the like solid aromatic polyamines. Other preferable examples are: 1,12-

15 dodecane diamine; 2,10-decanediamine; 1,8-octanediamine; 1,14-tetra-

decane diamine; 1,16-hexadecane diamine; and the like aliphatic poly-

amines. Any one of these aromatic and aliphatic polymenies or any mix-

ture thereof may be used solely or in combination. These polyamines

must be pulverized to have a median diameter of 20 u , or more preferably

20 from3utolsu.
In order to inactivate the solid and particulate polyamine functioning
as the latent hardener, the surface of each minute particle may be covered

with the powder of an ‘inactivating agent’. This agent is an organic pow-

der or an inorganic powder sticking to the particle surface. Examples of

[\
W}

the inorganic inactivating agent are titanium dioxide, calcium carbonate,
clay, silica, zirconia, carbon, alumina, and talc. Preferable organic inact-

ivating agents are polyvinyl chlorides, polyacrylic resins, polystyrenes, and
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activation of the solid polyamne is a treatnent thereof such that the
surface of each mnute particle will be covered with the powder. Wi ght
ratio of 5 the polyanmine to the powder is from1 : 0.001 to 1 : 0.5, and
the latter will be added to the former being pul verized to a predeterm ned
or given target diameter within a shear-friction blender. Exanples of such
a blender are the so-called "high-speed collision type stirring m xer', .
the "~conpression- shearing type stirring mxer' and the like. 10 Mole ratio
of i socyanapelypthyleneso alnbamgrinupspowdprefstatebl Wiedom Hia@ekert 6f thede O.

at a stage when the inactivated solid polyam ne added to the polyurethane
prepol ymer Pewilsas duay diaseta bee2iut er dess, \andymare prbdetabdy 1 o drhkessol ilg-

pol yam ne, any approprjate_additives such as ordinary catal ysts and

pl astici zer @C%Y@ﬂo%ﬁgr&ﬁ solidiprlyamipatisal ta@aimegitdhegfof Sllwﬁhthﬁt ltlaﬂ garface

di cycl ohexyl .pht hal ate, diispoctyl phthal ate, dijsodecyl phthalate,

di bgnzyl p%Pﬁ&PSﬁé‘,lmﬁq’tFcRﬁIFFPepHBﬁphgtC@,‘/eéfiA)Wﬂbéb%d)%v ti cWVeight, ratiedofol -
est er - based ones, such as esters of .adi pi be used. Further agents

for additi oM BOPREDS .U POWdEF d | \Cllsﬁ !s(%]ﬁ Eq?ﬁot Pobiandatunlaster wil
Foam ng ageht Stk T i mdt fEifig U GEEa1d0 Apridaivopmad or edvem fargat
benavi o seHArirE FishiEH SR Eiompledefhe Erambakoios Bicte deader are
atur s bel ontasonr g chehrpeaf Pl PN RhenRiEED. she Sepaifietsivhm 25
per at ure of Sl‘?&ﬁiﬁag %ecstgrm{eg ﬁﬂgér’% e ¥1-E?ct i vati on of the previously

i nactivated soli yam ne rdening of the conposition will proceed at

that teqper at ur Rfolehtib &fefélegyﬂﬂatégéfglpg%dﬁﬂ? aﬁﬁ(ﬁi;isgﬁgl%ﬁéraaﬂwc{}ﬂ and

-17 cooling the formng no are rtened,

di fference Olfetoer 0hat Btaf@nAeet fite LRATBIAEY SBLIAo A% RR" AR the

t enperature,
polyurethane prepolymer is heated to restore its activity.

In addition to the solid polyamine, any appropriate additives such as

ordinary catalysts and plasticizers (for example, dibutyl phthalate, dioctyl
15 phthalate, dicyclohexyl phthalate, diisooctyl phthalate, diisodecy! phthalate,

dibenzyl phthalate, trioctyl phosphate, epoxy-based plasticizers, and poly-

ester-based ones such as esters of adipic acid) may be used. Further agents

for addition to the composition are: solvents, thixotropic agents, ultraviolet

ray-absorbers, adhesion-assistants, dehydrating agents, foaming agents and
20  the like, also used at an appropriate ratio.

The thermosetting composition prepared in the manner detailed above
shows behavior sensitive to temperatures across the threshold or critical
temperature of hardening. In detail, it does not harden itself at temper-
atures below about 60 °C, though it will start to harden at a raised tem-

25  perature of about 80 “C or higher due to reactivation of the previously
inactivated solid polyamine. Hardening of the composition will proceed at

that temperature, until becoming fully hardened. Periods for heating and
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reducing the cycle time and contributing to an inproved manufacture ef-
ficiency. On the other hand and as already discussed above, a gas involved
S in the thernosetting conposition will produce fine bubbles mechanically
di spersed throughout this conposition to render it capable of self-foamn ng.
The gas is air in the present enbodinent, but it will be understood that
any other gas that is of an inert nature like air nay instead be enpl oyed
herein. Details of the nechanical m xing of air. bubbles with the

t her moset t i ngoaling dhe derminm mokd diesshoxtened ntigeikaifo sWchoYr siRAR HfePshce
patent application early published in the Japanese Layi ng- Open Gazette No.
11-128709. Reewyaamghe onemdardenikgdiemperatiikeartd ohe sllmdenmg Ftethpefaturber e
is il- lustrated.an apparatus 50 designed for use to foamnold speaker
edges of t Hedugiagthecyclinitunemd sontribating tor as émpropedtpant Rt 6p. 53

having 15 a gylinder 51 in i ch the piston 52 reciprocates to repeat
suct i gn str oﬁé@ncﬁnd @i ﬁ%@meaﬁlaadr Qﬂk@% aHsadytdiscussedtaboveDargasgneabled

ti troke., a. given amount of gas 11 wll be fed into the cylinder 51,
bef or e a "bat th{ b thEHEOTSHARECRAMPOSIRL UL ProHee Gines bibblesome haialiy

U 53, ¢ ned PR Lo g B Bitp e Tk Tocapablenat Selidonmingd
v o T s e B A B T B v any
h et on stoPEEEaS Hhat RoPEh et adtils 1k Ao iy indrad Beramlpysshpersin on
00,2 L DO TSI A W bRt
) o, e, Bk SO TR 050 R el P8 e
above the crpiblisdedharte TapanéKMPEYRAMTHeM Gazbe NGSFRY28Pfof i tted in
Referring to the block diagram-like flow shown in Fig. 6, there is il-
lustrated an apparatus 50 designed for use to foam-mold speaker edges of
the invention. This apparatus 50 comprises a piston-type pump 53 having
15 a cylinder 51 in which the piston 52 reciprocates to repeat suction strokes
and exhaustion strokes one after another. During each suction stroke, a
given amount of gas 11 will be fed into the cylinder 51, before a batch of
the thermosetting composition 10 is delivered to the cylinder 51. During
the subsequent exhaustion stroke of the piston in said pump 53, the mixture
20 of gas 11 and composition 10 will be transferred via a piping to a further
pump. This further pump constituting a compression station 140 and like-
wise composed of a piston 52 and a cylinder will deliver the batch of mix-
ture under pressure to the injection station. Thus, a batch 71 of foamable
thermosetting composition will be injected into the female segment 41 of a
25 mold for forming the speaker edge, with the segment being heated but kept

at a temperature below the critical hardening temperature. Subsequent to

this step, the mold’s male segment 42 already heated to a higher temper-
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the fenal e segnment, so that an overall tenperature of the nold is raised to
the critical one of about 60C to 80C to instantly harden the thernosetting
conposi tion. 5 The functions of the apparatus shown in Fig. 6 will be
discussed in nore detail. A feeding section 20 supplies the piston-type
punps 53 with the gas 11 and thernosetting conposition 10 so that the
fatter 11 and 10 are interm xed with each other. Each piston-type punp 53
does substanti al | consi st of the cylinder 51 and piston 52, and the gas
11 for foanidfyfe aeOYS the wpisisal ihendening temperakeae will theeprskeddad Httedyni ng
the suction stroke of the piston 52. Thereafter, a batch of the raw and
fluid t her mbBeHEMAC SeEMERSsQ ithat alp onerall sempsaatune @ftthaﬁnoi/d |mda$?@10 o

ing the bsequent e ust i troke of the piston, the conposition
e;.ungll t %e gas ?H%\‘r‘Bllg\?@ ong r%?qytvéﬂl CS e é&@r tﬁ@lé’@lStanﬂy_hardegigbe lrgh]?mr):osi.?tmge

bei n lGal.ly 15 di spersed in the conposition. e batch o
?ﬁZrnDse?trﬁégﬁggﬁﬁgpgion 71 pthus rendered capable of foamng will nove to

i1 Conpress sudk st OF Rl et EhEoRonel den discassashinbl o
"N into thaors R ARatd ERRE R T Uprt s cmer RS vae b Sh it o
Contained | iragry 14 2 BNERRESn oMo Ftn TRRO TBECHe BRer L anE1pane 1 n
30 vhoso | e oraceanth eciSS@er " PaShTRIELNTe B S3otetcs ihunaialRe

critical havdasisnoft @rpeyBAdee Sisam Pistell 99 WRGSHE kbt oAl fof FIREHALYRE 2

a whol e, the conposition 71 having w7 never ®start
itsel f wmti kohtpositan wilkbedudkedc@sthe HOMBYEF 51%?1%# ng ”ét%lcazﬁggrgngokes ggment

42 heated to a tenperature (about 80C) above the crit

the piston 52. Thereafter, a batch of the raw and fluid thermosetting com-
position 10 will be fed into this cylinder 51. During the subsequent
exhaustion stroke of the piston, the composition 10 and the gas involved
therein will be extruded into the piping while the gas being mechanically
15 dispersed in the composition. The batch of thermosetting composition 71
thus rendered capable of foaming will move to a compression section 20
where the same piston-type pump or a booster pump will compresé such
foamable composition. The thus compressed and foamable thermosetting
composition will subsequently be injected through a nozzle ‘N’ into the
20 mold 40 that substantially consists of the female and male segments 41 and
42. A number of minute and compressed gas bubbles contained in said
composition blown through the nozzle ‘N’ will expand in an instant upon

exposure thereof to atmospheric pressure.
Since the mold 40 whose female segment 41 is at a temperature (about
25 60°C) below the critical hardening temperature is also below this critical
temperature as a whole, the composition 71 having foamed will never start

to harden itself until the next step of process. However, once the male
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ature is fitted in the femal e segnent, the foanmed conposition becones soon
hotter than said critical tenperature. As a result, the foaned
thernosetting conposition will now quickly harden itself within a short
time, for instance 5 in about 10 seconds, thereby acquiring a solid
finished configuration as shown in Fig. 11. Although any kind of

pi ston-type punp may be em ployed herein, the punp 53 described above and
bei ng of the reciprocal volune-activator type is preferable because the

pi ston reci peguwené4d2vhedted totateemptiatdes (abbldCSOSC_QCatﬁﬁ/esﬂfe%‘?ﬁcﬁlotrengs{ﬁtl on
and exhaustion. Both the gas lo and thernpsetting conposition are very
accur at el y atiignsditiediin Hie terghleyseginentthe deamed aanposyivreb&ohbe seOHP -
Batch-type feeds of themw. || thus be repeated correctly and with an

excel lent r Blttﬁaﬁxléﬁrbﬁﬁllidt‘iﬂtlﬂlaﬂelﬂwﬁl;rﬁi st:%ﬁﬁpu_mkt,l theefon nwd)t}éémmkd_ ettlrin}sggﬁ
system shown in Fi.g. 6 and desi gned or nechani cal m xing an | sper si

01}/ the gas FHW%‘@%&@FPPWM&%*?YWQ@ siseHeyithm acshopt tisss, for dnstanet ease

h hysi cal f ' t hereof . . However, the piston-type punp or
punps. ey et RENED S50RH, CREEPY ApiioE a colidsinishod seoniapmationaas ount

o1 d ana or SHRGT AbAiBedit i raitEone 30 MDA ofapiiengsPecuanp! o bhcsthnoun
o oL, RABATE B 52 AL RHRATIORGS B o
ot LSSl BTSS! e SRR e DR R RroRt pn
LT RSNG00 RS s 8RB B, Syt b
o, o panathened iRty D Mict GG gl

falling w tdisichargedas cichleydle ofGhe PURAB BARhVYPY REQY LPTRELCRAN thus

be repeated correctly and with an excellent reproducibility. Dual type

piston pumps are exemplified in the system shown in Fig. 6 and designed

for mechanical mixing and dispersion of the gas in the composition and for

15 subsequent compression and release to effect the physical foaming thereof.

However, the piston-type pump or pumps may be designed in any other

appropriate fashion taking into account the necessary rate of successive

discharges. The means for heating the mold and/or the thermosetting com-

position may be selected from the known electric resistance heater, the

20 electromagnetic induction heater, the ultrasonic heater, the high-frequency

induction heater, and the like, all contributing to a high manufacture ef-

ficiency.

The speaker edge 7a produced by the described foam-molding method

and apparatus is of an internal texture in which almost all the void cells are

25  of the ‘closed’ type. Coexistence of open cells and closed cells will pos-

sibly appear if the foaming ratio is higher than that in the illustrated exam-

ple. The body of the speaker edge thus produced may preferably be of a
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| oad applied to the vibration plate 7. A narrow distribution about a nedi an
size will be found for the void cells in the finished speaker edge provi ded
herein, by virtue of spontaneous expansion of the mechanically dispersed 5
m nut e gas bubbl es. From macroscopi ¢ and m croscopic points of view, the

I nternal texture of the speaker edge is thus so uniform as remarkably
Fnmproving the vibrational properties of the vibration plate. Preferably,
the nedian dianmeter of those void cells has to be included in the range of
1 - 100, u. dengite fpHing withienaaangegof 9. khewd.9 dcinit ar naéwt 6& vi@tidhal he
article pr?vqidjed herei n by, physically_foam ng the thernosetting
conposi t i on1qa{ applied torthe vibrgionplptd 2s Hanarie distribpgioseabout zamedian
mechani cal nanner. se in this photo, dianeters of the void cells have
an average 6‘fzeaW(‘)l|]1tbeA§@“}‘ﬁ I%‘é’n ﬁlﬁ‘«/ yoyd ﬁﬁﬁﬁh 18pihet finishedt spealentedpeoprovided
However, di tri.bultbi on. of 15 cell size is very narrow as shown in Fig. 12
wher ei n al ndSte1y thé?%io PONtaNeqLs, eXpHSIPON Plathe srechasieally disperst¢dse

to the er .20 adn coptrast wth such uni form.internal texture
achi eved byﬁﬂﬁgtﬁz ﬁ@é:h‘ftﬁﬂ?s-t h& TP H}acé%co%i%Ilf@ém%ommmmgntmog viewred

Thei 1 af amel s, CUEEER 180 B8 ufelsHRBIH Ulls 1s"sn'dsn rkfrrn devisamarkab o0

Toxture w I 1ERTang e VPRGGRRr RIS bEThe it Diite i Grefribi B i

R R S R B e AT

nol d' s innegogys face (having 25 formed thereon for instance a decorative
pattern, any synmbols or the like). Such a skin is a very thin |ayer that is

s arieT, WS e B bMEL2 SO PRI,
boundary bepreaded higeredybys physilly $9aming the thermosetting composition in
which minute gas bubbles have been dispersed in a mechanical manner.
As seen in this photo, diameters of the void cells have an average of about
20 1 and vary from about 1 x to about 100 1 . However, distribution of
15 cell size is very narrow as shown in Fig. 12 wherein almost all the void cells
have their diameters found to be close to the average: 20 4. In contrast
with such a uniform internal texture achieved by the invention, the prior art
void cells existing in a foamed urethane slab of the two-liquid type shown
in Fig. 3 are much coarser. Their diameters has an average of about 200 u
20 and vary between 1 — 500 . , showing a broader distribution as indicated in
Fig. 13, Such a prior art texture will affect adversely the (tensile) strength,
rigidity and bulk strength of the foamed speaker edge.
The speaker edge provided herein may have a skin whose face has

been transfer ‘printed’ or embossed with the mold’s inner surface (having

™
&

formed thereon for instance a decorative pattern, any symbols or the like).
Such a skin is a very thin layer that is made integral with the inner body of
said edge, without any significant boundary intervening therebetween. A
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adhered or secured to the vibration plate 7 or frame 16 and the edge's 7a

corrugation or rolled portion 115. This boundary will undergo repetition
of stress caused by the frequently bending notions of the adjacent nenbers
5 or regions. Therefore, in order to prolong nechanical |ife of the speaker

edge 7a, the thinned basal end 7c corresponding to the bent annular region
has preferably a density higher than those of the adjacent remaining thin
or thicker ;regions. Practical method of using the nold 40 to nold the
speaker edgd®fh agnular 1egipa will AAqteas advamdany hetwien. th@leé\fge’fsih Tatpdrtienmai n
[ [ 7wl b I dipn the femal e segnent 41 of the no ,
i Shen < G4 €L i e e cembhe T
i nj [ hi s. th h e zzl e W _Upon _injection, e
conpos t1 on PEHHETIE BpaAlled PRt J 15n | s by el rundengo mepetiiogent
i ' ' he i s, f I 41... Both t he e an emal e
segnent s 41 4rii e ApeSEpyih mﬁvﬁiigpae%mmnstﬁtwjﬁe@m mempers
it : . to reach the criti eni ng
Femper at tr o S5t *soRereEREEn Hiler B bFiRael meshanical E@ﬁéff ﬂpds%qmg ed
to hard t bt | . sha s defin .an
0 har den, { RAESCTRRL NP 78 ST RO g 1RR, Ferl i ki
be such as ih'akgag)éfe%ﬁgf hf‘deﬁsﬂg ﬁigg%r?ﬂan RO EfSheSE@Ja%?nL? 'Vrﬁngftﬁﬁg?g}mz

of the (revers confi gurati on Zhown |nf LT of
is a cross skkiepfe@bnihe speaker edge manufacture I n e mann
descri bed ablgf\?e. Asglvm' IEI be confirmed in this photo, the 25 arcuate

portion of the Piseiéal hefod 6PIMBYHEIbAPIO t8rm6¥t¥'t61&9$;%dﬂgir§:§@e°;a ¥end

cells. Such a uniformy foaned article does not suri rom
deterionati be detailed aedértritt to rRghar IAP%\A?tl@é?%@%ﬁib?éﬁBﬁgﬁlﬁem \‘glvﬁ"lebe

speaker. -22 Further, the vibration plate 7 and e a ar
adj oi ned t opdautd in the female segment 41 of the mold 40, and then a given amount of
the foamable thermosetting composition 71 is injected into this segment
through the nozzle ‘N’.  Upon injection, the composition foams to spon-
taneously inflate itself before the male segment 42 will be fitted in the
15 female one 41. Both the male and female segments 41 and 42 are pre-
viously heated so that the thermosetting composition 71 will soon become
hot to reach the critical hardening temperature of about 80°C. Conse-
quently, the latent hardener is activated to harden the composition mass into
a permanent shape as defined by and between the mold’s female and male
20 segments 41 and 42.  This shape will be such as illustrated in Fig. 4 on an
enlarged scale, to give a product of the (reversed) configuration as shown in

Fig. 11.

The photo of Fig. 2 is a cross section of the speaker edge manufactured
in the manner described above. As will be confirmed in this photo, the
25  arcuate portion of the edge is free from any collapse or any deformation of

void cells. Such a uniformly foamed article does not suffer from any

deterioration in strength but rather improve acoustic property of the speaker.
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consol i dated with each other. As repeated herein above, the speaker edge 7a
of the invention is produced by foam ng and thernmally hardening the
foamabl e thernmosetting 5 conposition within the nmold segnents 41 and 42.
Not only the surface layer but also the internal texture are uniformas
seen in Fig. 2, thanks to the cells of substantially the sanme size and
honmpgeneously spread throughout the speaker edge. In contrast, Fig. 3
shows an uneven distribution of void cells of different sizes found in the

prior art elyethes théatibratien tplaterd landl@ I’Yﬂlaems@cfiﬁﬁ]y)%l'éﬁlggl 85€nd
consisting of sheets which have been sliced off the two-liguid type

pol yur et han§08$<§!ﬁat¢ﬁmﬂnﬁach@tb@resent invention, there is not at all any
fear of inpairing strength the speaker edge, either in part or as a whol e.
It is also to b&SnEAREa¥bheremanboves dhesspakeneeddeeTapssithe nihves@ioROsd ti on
mass bei ng sPr ad in the cavity 41b and recesses 42a and 42b 15 w || cone
i nto cont acP %ﬁioﬁdt a}é RAIMNg aigd thernmaliy hﬁﬁd@mnlghﬁtg fd??mlgttmf{[nds?ﬁd?![ ng
is alnost absorbed. by those walls, whereby the void cells do not ten o]
expand t' errE%Wé@ﬁW{Y I"\é‘%‘l‘i‘ethﬁa&mﬁssméé Ay and &2, Notonly thiedsurface

Sommahat defSr Pk e iniiaR foaHea aBbHpitonm: suseeurEre sgbankuita t . 20
Foamed body e iBRE suBiaptifh: f6° SFiRG: i erkh bimassm oLAlyFporeatithraughoat SKi n
parasi ti ¢ ECoHeaRet 8dek, ThtubSE P 4 sb8isbeudipm didab %’iﬁ?lé‘q{m@gil o
Coren S o SRR TR L S 1 RS LR
R Lot S DG T I o
during a | ofhg-tves-Tiquid fype pefybthidife SIBB2Kefhus in the present invention, there
is not at all any fear of impairing strength the speaker edge, either in part or
as a whole. It is also to be noted here that surfaces of the thermosetting
composition mass being spread in the cavity 41b and recesses 42a and 42b
15 will come into contact with the mold’s walls. This means that the heat of
hardening is almost absorbed by those walls, whereby the void cells do not
tend to expand themselves while the mass is hardening itself, thus providing
a dense skin layer 68. No pinholes are found in this skin layer 68, which is
somewhat denser than the inner foamed body of the speaker edge. Further,
20  any boundary layer or interface does not exist between the skin 68 and the
foamed body, contrarily to the prior art case shown in Fig. 18. Such a skin
68 smoothly continuing from the body will neither give rise to any parasitic
oscillation nor increase the resonance amplitude. Thickness of the skin
layer 68 is not affected by local changes in shape of the mold segments 41
25  and 42, but the thinner regions 7¢ and 7c¢ located across the arcuate portion
115 are each of a sufficient thickness. Thin basal ends 7b of the arcuate

portion 115 will thus be strong enough to resist breakage during a long-term
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As al so di scussed above, the one-liquid type thernosetting conpos- ition is
used herein which is mainly conposed of the pol yurethane pre- pol ynmer and
the inactivated polyanne as the |latent hardener. By virtue of 5 this
feature, the speaker edge of the invention can be produced under an easier
control of process and reduci ng consunption of raw materials. Ad-
ditionally, the speaker whose edge is integrally adhered to the vibration
plate is superior to the prior art ones, in its other properties. For
exanpl e, thse bbshedpeilesre of the thernosetting composition (i.e., the
present edge io 7a) of the invention shows its tensile strength or _
viscoelasticityAésabofdh@uSﬁﬂiabﬁvceﬂpemmeuhquuimypcnhe?30$ﬂ§nghamnpbs-F|g.
8. The correspondin ro- perties .of the prior art two-liquid type

pol yur et hanétlcgn ab @%@ghgmg.wh,wh He mpmlyr campesgd afithe qrcﬂyuteéganbﬁrmeed on
the graph of Fig. 8. . The .physicall foamed edge 7a shows a | ess change in
m)dulgusppl oPPBHgST ahd tﬁﬁégﬁéi‘éatﬁd p@ywms dhe i@eﬂhhardﬂm i oByovwirtue of
t enper at ure_,sho al ong the absci,ssa,.i,n a range of fenperature of - 60 C
to % 100 C U EaHTEadte \sPeaReR ed2s 0f 16 dnvention <an berogiced undercaye
7a' shows a_nuch greater. change | modul us in the sane range of
t enper at ur eE?S%FgPﬁ&i PrfcﬂﬁoFﬂg @,Ip@gq:dlqugdpqsgmpmn &E@W Brateals. jAd-
about 1000 i,k s harge gs the forner. .There i s 20,.0bserved, near 0C an
appar ent pegwfﬁ?lfl et}\‘?aga%a%rt gﬁloge..eﬁg%ﬁ agfqg:qaﬁyt ?‘il?ﬁrﬁar tq then yibgation

| ass-1i ke e r-1i e; r.in the present speaker
gdge 7a, noBi&g;é ?1% tsgpélltlﬁ¥ ﬁ@?ﬁ?@ﬁqu@})?’@gm ggﬁggli RECRAIFIGS: -Ffog,pxgm M€ hus
its acousti bAr Vi : S IRVL=T n ' ture

B oA PR S IR D pYSicldh FLEn e d Bt FRILE

and accordingly 1ts characteristics as | Virng' i g.

L RO 5L B el RIS e Sl bPIRRGEN 0 Lt
speaker edgef eémipefatup@ifla’ @ahAePhs howh lih g, BOMPRHELIrREpRNAINE ot he

perties of the prior art two-liquid type polyurethane slab sheets (i.e., the

prior at edge 7a’) are also denoted on the graph of Fig. 8. The physically

foamed edge 7a shows a less change in modulus plotted along the axis of

15 ordinates as the function of temperature shown along the abscissa, in a

range of temperature of — 60 “C to + 100 °C. In contrast with this

surprising effect, the prior art edge 7a’ shows a much greater change in

modulus in the same range of temperatures, varying from the order of 10° to

the order of 10°, viz., about 1000 times as large as the former. There is

20 observed near 0°C an apparent peak in the value “ fan § ”, indicating

transfer from its glass-like phase to its rubber-like phase. However in the

present speaker edge 7a, no point of inflection is present as to the value

“tan § 7, thus its acoustic behavior proving much less sensitive to change

in temperature and accordingly its characteristics as whole proving much

25  better.
Fig. 9 represents the relationship between strain (elongation) and stress

(breaking strength) observed by tensile test at -40 “C. The present
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prior art two-liquid type one. The stress-strain curve for the present edge
shows a gentle and snmooth gradient, resenbling a linear function and there-
by indicating a rubber-like nature. On the other hand, the stress-strain 5
curve for the prior art edge has a point of inflection at elongation of
about 20 % quite different fromthe case of the present edge. This w |
mean that distortion is likely to take place in regenerated sounds,
anplitude of each sound is hardly regenerated accurately, and a band of

| ow- pi t ched speakiadedge eofbi! foanegd matiatefi2. SOVl 66 BBnigRaE TRBteiR wWRN (R
application may be done to the vibration plate's 7 surface reglion so that

the speaker M#Qfeartdwerhiquid ype lomebonthe sticssisetatn corbe forthe prewntledge
therewith in_a reliable manner. As for the nmethod defined fromthe tenth

aspect of t Hhopyseagentlerand,smooth gradiént| resemibdingpp dineht Surdtios wat ehere-
defined fromthe twelfth t 15 fourteenth aspects, all of themare
advant ageoud¥ Andieatingna g Heq tnatgres onpos the @théohandy rthegsttdsh@.ﬁ-gp%gkgr
| | tself | ipstant  upon its tenperature reaching :
Deapi te SuciFusve Pt i drisd it g diengas mqpmﬁiofanﬂycaoamenggm?fm;m
i ' : it i1l afford mnute void cells o
Dot the ahebafuite BAER From HBe rsscaf 466 aresam rdzo. uThisawillomoaave
[ | gh-fre i.nd ' heat may be enpl gyed as the
neat ng. meanlal SREMETL R ALY: e G Bl b gbechoraiet SouRdvcamplitideof
[ : he_ i ' t he thernpsetting gonmposition
0 o ST ERE b b T of R
lity. Th b1 not be heated when fed into the nold, so
qual i ty. ThaoufgRafopRAR} %@?‘g@%&

that the main vibra Wi Il not be injured by heat. Thus, the

speaker 1000¢ 72 PgRalte R eRldh ABQIFHAR. oy ML Bont dodes SURSEST™
plate’s 7 surface region so that the speaker edge 7a can firmly be bonded
thereto to become integral therewith in a reliable manner.

As for the method defined from the tenth aspect of the present in-
vention, and also the apparatus and system defined from the twelfth to

15  fourteenth aspects, all of them are advantageous in that the thermosetting
composition for forming the speaker edge will harden itself in an instant
upon its temperature reaching 80 “C. Despite such a quick hardening, the
mechanically dispersed gas and the physical foaming of the composition
will afford minute void cells of almost the same diameter around the

20 median of about 20 . A microwave range (viz., high-frequency induction
heater) may be employed as the heating means.

When producing the speaker edges in accordance with the first or
second aspect of the invention, the thermosetting composition will flow
within the mold so as to avoid any irregularity in their quality. The com-

25  position need not be heated when fed into the mold, so that the main
vibration plate 7 will not be injured by heat. Thus, the speaker edge 7a

can be formed easily in reliable manner so as to become firmly bonded to
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In this case, it is not necessary for any separate operation to be done to
bond the edge 7a to the vibration plate 7. The thernpsetting conposition
is allowed to floww thin the nold until it hardens itself, whereby the
edge 5 7a and plate 7 are bonded to and united with each other nore firmy,
im proving durability of the finished speakers. As defined in the third
aspect, the void cells in the speaker edge 7a are all the closed cells, or
some of themare open cells and the others are closed cells, the speaker

i s render ed anggntegrakwithesaidiplatgainsrde the Mioddt her noset ti ng conposition 71
will not suffer fromany bad influence caused by noisture in anbient air,
during the procd®hiscass) Hilpgot mesessaayifor ama%pam?moaqmdap?ﬁo\he: ﬁoﬁ?@o g
third and seventh aspects of the invention. erefore, neither e foam
rati o nor aﬁ?natt%@re(&?yéaéﬁlther}ﬂbb@i% platgi 'I;]-I \Télq/téleorr?setl_n}g:c%mmm(t)?‘
extent. Fine and closed void.cells 15 are thus produced uniformy in the
edge 7a of f%@ﬁPW\?Qntﬂ ﬂHWag"lElHB eirﬁohf&.ntl at iﬁi@@i iselhewhertbyntheeedges

speaker o1 n achlth BERE.T Br® moh¥Rd rofpnd dnikgeh it %é%h”&%%?éﬁ"a%;%%ﬁ% -
Rurtrer. o nBrofe AabRis e e RRRE spedksrS; s deffiad in Fae tord Esé&sta d

[ ' h li ght speaker _edge
ST enter Y yRRd RS- i P SBeald eded VAl hrs, AT i Sl Célir o Soennt pur

i Ci 4 th t put . sound
o essur o1 L 41€ GRERECHs thd thaenafs, aR GldREa IS dfie SPoRkireis RicReed

course of t e r&fMEantlt gaker will produce high quality sounds when- 25
ever it is tur nedmgn ttoaggit?ate at any desired tinme. Fromthe seventh

embossed N a 1 nah e 7L paR oy " SufteBCRbRY 4t bad
decorative pHluence causedippnsoikaIresid ARbidH AiRNGHriAYthe olsd S nfBbthe
the speaker edge in accordance with the third and seventh aspects of the
invention. Therefore, neither the foaming ratio nor any other physical
properties will vary to an unacceptable extent. Fine and closed void cells
15 are thus produced uniformly in the edge 7a of the invention as shown in Fig.
2, wherein their diameter is from 1 to 100 x (median of about 20u) to
afford uniform quality to the speaker. In contrast with Fig. 2, Fig. 3 shows
open cells having a diameter of from 100 to 200 1 observed in the prior art
speaker edges. Further, the speaker edge as defined in the sixth aspect, it
20 is of a density from 0.15 to 0.9 g/cm’. This means that such a light
speaker edge will render lighter in weight the oscillation as a whole, where-
by output coefficient of the speaker will not be lowered and the output
sound pressure-frequency characteristic thereof will not deteriorate in the
course of time. Thus, the speaker will produce high quality sounds when-
25  ever it is turned on to operate at any desired time.

From the seventh aspect of the invention, the speaker edge 7a has a

skin engraved or embossed in a transfer printing manner corresponding to
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40. Al the front, rear and m ddle portions in cross section of such a
speaker edge 7a are of the same foaming ratio so that the resultant speaker
is made nore resistant to water and has a higher strength. This nmeans that
5 the present speaker edge is free fromthe drawbacks inherent in the prior
art one 7a' and schemed in Fig. 18. The prior art edge, that is a heated
and conpressed sheets sliced fromthe known already foamed two-1iquid type
pol yurethane, has in .cross section the skin 68 whose foanming ratio differs
from those dbScdarsaaiive pestarnaor symbolsiformedgimthe merpsirdicabf thémals
io failed to, ensyr ﬁn veral | uniformstructure and to avoid inferiority
or deterioratli o%‘lf A §t§@ﬁ§t FearTaRd nineddlec ppirdophidnocrdssFiestich dfesuc w0
show t he cross secti,on 7of thg speaker edge provided herein fromthe ninth
aspect. As <HEAKPRedgg Taare p éh%léﬁg'lietfpaémlt&ratlma_eahaeﬂ&srwultalne speakiat e

I ni ng thicker regions. Such

B bt e ipir dgnede &% ftegﬁ“'fﬁ%&f tonatgand s @ Righer streagtiec ofbis meags ehiat
Cat 1 of actor s Privaibralhe Bl IS ooy Bie diwbieks ithremnpota o e
bonded o, Deng 7hghAlscehid U MELIRTE M LelePAatign Bl e 1 o e fane
ot to 1 i BopeSp e SRCE, Miosd AR, el RihR frcady dhaieg &s&ﬁ%mﬁ&i@%‘e‘)”
Speaker  edgd i RARE Rafin KE0N P Te S Y ke onBnE liecsittie: o
charact eri st ¢ o e Sheekan 1B e and IRRALICaR RS IhE IS ARRS hus

observedoat failedddl enzere anf ol eIV eMEtorni %tlgﬂ{l‘&f@%hdwjté hqvogcésig%r%lgfx gﬁﬁﬁed

dip inherent in the prior art speakers. This feature w l
al so by t he desertiotatiin irhstrémgtied t her nosetting conpound of the

The microscopic photo of Fig. 2 does also show the cross section of
the speaker edge provided herein from the ninth aspect. As seen in Fig. 2,
the density of thin basal ends of the arcuate portion is higher than that of the
15 remaining thicker regions. Such arcuate portion’s basal ends, that are
most liable to become fatigued caused by oscillation of the vibration plate 7,

are now reinforced satisfactorily.
The foamed piece 71 of the thermosetting composition is bonded to be
integral with the periphery of vibration plate 7 on one hand, and is adjoined
20 to the inner periphery of frame 16 on the other hand. This piece in such a
state will retain the pate 7 at its correct position not to inhibit it from
oscillating in axial direction. Further, such foamed piece will ensure a
desired level of acoustic resistance of the speaker edge 7a, so as to allow it
to absorb reflected vibrational energy. The solid curve in Fig. 7 indicates
25  the sound pressure-frequency characteristics of the speaker of the invention,
wherein no ‘dip’ is observed at a middle zone of frequency, in contrast with

a sharp or deep dip inherent in the prior art speakers. This feature will be
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I nvention showed its physical properties including the value tan b scarcely
varying relative to its tenperature, thus indicating a very significant im
provenment in the ratio of vibration absorbed by the speaker edge provided

5 herein. Now, the pol yurethane prepolynmer as one of the main ingredients
of the thernosetting conposition used in the enbodinents will be detail ed
further. 100 parts by weight of a polyether-polyol whose average nol e-
cul ar wei ght was 5000 were used to react with 16 parts by weight of di io

pheny!| net hag¥idginced alsm dyettfeofac? thatitlse doa®@dCGhefmosettiig26bmipRIundl 8f thdrane
prepolymer had 2.4 % of end NCO groups and its viscosity was 100,006 cps

at 20 C. Aninveadianshaweddtsyplysieabprapestiestrciudieg denealue e ksarch
other main ingredient, was prepared as follows. 76.9 parts by weight “of
powdery 1, 1¥30dR8JRMHIE 4@iite temperatire; g ohdicating ng Very Qi gh Hiodinsén-
medi an di anet er was aba}u\qt 8.,u, .Y;/as,int rmxed with 23.1 parts by weight
of powdery PTQYGHIIERA Ui Hi§ matiqued swbratiom mbspebast by thasspeiakat edgdprovidedhi s
m xture was; pul.veri zingly kneaded in a jet mll to give 100 parts by

wei ght ot & Monder - coat ed ani ne whose nedian di aneter was about 8 ,u .

et ve end 1 soch NS gpaes KB POy Mg a5rnb o e materingredicmiscof 15
Bnd 20 part et GFHiRE UPOSRR nsPd B 11 cafoalfintmtn “will B ckemiads &
b 1L, 08 ik OB 1 SOV TR AR SRR D 10
LTS SR R0 SR SRR R Y TR el o
Fig. 6,10 ogghdefinyéthind MHiscRYaAbtd 8P 2L hduts #880°C. “A resultant polyure-
thane prepolymer had 2.4 % of end NCO groups and its viscosity was
100,000 cps at 20 °C. An inactivated polyamine as the latent hardener,
that is the other main ingredient, was prepared as follows. 76.9 parts by
weight of powdery 1,12-dodecane diamine (its melting point being71°C)
15 whose median diameter was about 8 u , was intermixed with 23.1 parts by
weight of powdery titanium dioxide whose median diameter was about 0.02
u . This mixture was pulverizingly kneaded in a jet mill to give 100 parts
by weight of fine powder-coated amine whose median diameter was about 8
u . Next, 50 parts by weight of the polyurethane prepolymer having the
20 active end isocyanate groups, 5 parts by weight of the latent hardener, 15
parts by weight of calcium carbonate, 10 parts by weight of carbon black,
and 20 parts by weight of a plasticizer were blended with each other in a
‘chemi-stirrer’ to give the one-liquid type thermosetting composition 10
whose critical hardening temperature was about 80 °C.
25 The one-liquid type thermosetting composition 10 was used in the
following manner. At first, a dried air as the gas 11 was fed to the foam-

molding apparatus 50 shown in Fig. 6, together with the composition 10 to

_28 —



obtain the foamable thernosetting conposition 71. This foanmable com
position was to be punped into the nold 40. Before injecting this
conposition 71 into the nold 40 through the nozzle "N, a previously
prepared vibration plate 7 was placed in the nold. Subsequently, a curved 5
recess 41b fornmed in the femal e segnent 41 to provide the arcuate portion
#n a rolled-type edge and kept at a tenperature bel ow about 60 C did
recei ve a predeterm ned amount of the foanable conmposition 71 through the

nozzle 'N . obtain thadoamable dhermosdinge avarpasitiont Bhpe Thisifoamable coinfie
critical hardening point 80 Cwas fitted in the femal e segnent 41. As 10 a
resul t, portP@HHOBf Wase thnpecpsmpessantd thei melchpldsi t Beford ihjentary ithio
one of the groove-shaped recesses 42a to provide the inner periphery, and
al so fl owed $QMBOSKIOL Hedntoedbe smabd 4G t%r@ugmetheg@o?keer‘ Per plnevm)ulsll%(b
d def i.ned. bet th |l ed type-edge form ng recess

and & ot | ngPTCORTR VIbTBHoBRIatS & Wanplasest mticmoldc Stubskauently & ognes .
15 Si mul t.aneousl 'tf t he flqms into said recqsses 423 and 42b, this,
curved . pacEorss 4ibifemeg m the fema Fekmgh A Vo pryideflienpudtecrtions

dth | at t d i ai d ace. In thi , speagkg dge
having  t he Mof EiTedEube, adpe ahﬁoﬁ@étoa?i’al&?mfﬁgaqumize“i’é‘_{vr iaEﬁFFﬁolhé dish
th t ' . r oa ardeni ng..al |5t mass
por t1 ons. 20" eSS RuaretRit iR it i S ABbIE SORp idh ME;%&%Q d
th I nth Ie [ ' b argcuate porti,on ha
2 density  rrerigzalf R e e SR eRERE a5 2 geﬁnP?féP‘H&g%Zo‘fﬁdga
5 i I ; i Qn: of : e
T this G deatls B6R 80 T° GAATHEAL i IR RAlG %%éﬁ%ri*{ A
t i 25, frb &g h i Mi i ; er.
Thi s Speaker® TEaE BOrERIDRRIhE iK|oRHE hBA bF i eofifosifibh 7Y, Hotfed IR

IIO It ayel I7 ?Swt%? gggleaa;%@pzvgt@gpe@ FeREs Y28 8BPRVEdS R ifhe P PRAPRErY, NMd
also flowed into the other recess 42b to provide the outer periphery. A
curved space was defined between the rolled type-edge forming recess 41b
and a mating rolled type-edge forming protrusion 42¢ of the male segment.

15 Simultaneously with the flows into said recesses 42a and 42b, this curved
space was filled with the remaining portion of the injected mass, and the
latter was compressed in said space. In this way, a speaker edge having
the rolled type arcuate portion 115, the inner periphery 111 and the outer
periphery 113 was manufactured by foam-hardening all the mass portions

20 mentioned above. This speaker edge 7a was in accordance with the ninth
aspect, since its thinned basal ends of the arcuate portion had a density
higher than that of remaining thicker regions of the edge. Fig. 5 is an
enlarged cross section of the edge 7a, that was integrally bonded in this
manner to the periphery of a main body of vibration plate 7 so as to give a

25  finished composite vibration plate as one part of the speaker. This speaker

edge 7a showed the value of about 2.5 as its foaming ratio. It will now be

apparent that neither any separate step of bonding the plate 7 to the edge 7a
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nor any adhesives is necessitated to firmy dispose said edge around said
pl ate. Uniform adjoining of these nenbers w thout aid of adhesives wll

| ower manufacture cost and inprove the frequency characteristics of the :
fini shed speaker. 5 The foam nol di ng net hod of and apparatus for nmaking the
speaker edge 7a of the invention is characterized in that the gas as the
foam ng agent is nechanically dispersed throughout the thernosetting
conposition just before the nolding thereof to formthe edge. In this .

system t hengaanyi ddhesaets o neoessitdted confinmhd dadssxel savedédde ayoled Q4R
hardeni ng and nol ding 1o the speaker edge in the nold. It IS no | onger
necessary tBlag.enniforse adjompng et these menibers withowt gl of Adhesivestwile. 9. .
| socyanat e conmpound),_ a hardening agent (e. n{gne pol yol) and a foam ng
agent, thuslovs&s ﬁgamhfaﬂﬁmeecostimg improve dienfreiqaknoy dHaaseristick asf tpur ge'
| oss). The Pechaai cal ., m xing and physical foam ng of the raw conposition
and the gas 1nshe rPpeakei.he 15 foam ng agent al most all the void cells

Gevoi d of any. oflh O8N SIGIIAE BRI 68 ans) aghacstus doel making theuspbakerof
Spoaker gty 78 ARANEINYERITH is FRAGTabrer HothakheicAbSs (porooBINgegeRs
o TR T PG S ERSSS T T 5
descr e B (AR Hr TR o, il TS o™
PR, 5 AT crSaou 1, VAN, TSRS B s
system@nd thePIpeaklr-edge in the mold. It is no longer necessary to blend three
components, that is a principal ingredient (e.g., isocyanate compound), a
hardening agent (e.g., polyol) and a foaming agent, thus saving raw mate-
rials (viz., diminishing the so-called ‘purge’ loss). The mechanical mixing
and physical foaming of the raw composition and the gas serving as the
15 fogming agent almost all the void cells produced are the closed cells. In
other words, the molded article is devoid of any open cells or accompanied
by an extremely small number of them, thus enhancing mechanical strength
and physical properties of the speaker edge. Its inner texture is uniform to
an almost perfect degree from in macroscopic view, thus affording a
20  speaker edge of an excellent acoustic characteristics.
Although some preferable embodiments are described above, the
present invention is not restricted thereto but may be modified in any

appropriate manners, insofar as the aforementioned objects are achieved to

afford the advantages summarized below.

INDUSTRIAL UTILIZATION

In summary, the molding method, the foam-molding system and appa-
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ratus proposed herein for making a speaker edge are based on the pr|n0|ple
that a gas as the foam ng agent is nechanically dispersed in a
thernosetting conposition of the one-liquid type, just prior to the

nol ding step, so as to foamthe conposition at this step. It is not
necessary for a main ingredient, 5 a hardener and a foam ng agent to be
#nterm xed in any other manner, thus never incurring any waste (viz.,

purge |l oss) of raw materi als. Such a process is not affected adversely by
any change ra{uétnfeﬁg hereinrfodimgk g atspepkentdge ars basédioncihit prihciple
process, in udln interruption thereof, is now facilitated. The

vol ume- act i g%/ﬁ% th%&ﬂfﬁ@g)figﬂh‘élstIﬁ'@ﬁh@smil}’r@spcrsedrmmsthelrmoseﬁﬁlg he
gas as well as the neans for aﬁ j us g and/or  regul atin the foamng ratio
are ef fecti FBMAPS h‘b‘?@\?é Pém’e()' qut |tY]P@,yJ1t§ﬁd>flaﬁrft§>rﬂlqO ding sfepedobad tdes.
The foan1ng at%ﬁels nom1 accyrately and ea5|ly to, dimnish

vari ation | FQIII?Q)OSA t%’(—ﬁ%ﬁ?ch 515 t Jcﬂwrlmmmgwdndeme o
any is desir
manner S SrheadBAPRECRAL &"%%5&%%&?&%”@%?ﬁwﬁlﬁﬁ@ﬁa%eytyo%%rcm%nnem dhus 11
t nee
et 0 ebougelas SRS Aot AR Y 3P e e o o
et om ‘idd,?%&vlg o ?ﬁfr??ge‘f AtgelsEhY by %‘f}peﬁéﬁéﬁﬁ' AfHESRRSEE OB Or 2
k r edge
e L re; Ctepa@iiono iR YohBQPYF Srdcess B cgﬁﬁﬁ%dimﬁﬂﬁl% 2hgre0 aéstjhe
foam ng agenbw fAvilitdredi ceaR %!Mﬁ@eict atBﬁeiﬂBE?eEal tt§8§t@§§r&s§ﬂﬂ}é 'n

said edge, and the foam ng ratio can easl

si ze of10/0i dom@lositiciand th&les akavéle % 9Be zﬁxssfo%earﬁﬁﬂlﬁgg ah&/dr%%ﬁ!atgdém st

uniformthe internal texture of said edg rom a oprc porn

view. Any uthevioamemg iasio aro¢ffectiveto improveirepidiRMilily ild dfordpRRidde
strength of thin bassal ends of -31
feed batches. The foaming ratio is now controlled accurately and easily to
diminish variation in said ratio among the batches. The composition need
not be hardened in any special manner, but can now be practiced in any
15  desired manner. The raw thermosetting composition will instantly harden -
itself if heated above its critical hardening temperature, so that the mold
need no longer be cooled down extremely below this temperature before the
next cycle of molding. Thanks to this feature, operation cycle for batch-
wise production is now shortened to a remarkable extent, thereby improving
20  manufacture efficiency.
The void cells thus produced in each speaker edge are almost of the
closed type, due to mechanical mixing of the gas as the Ifoaming agent.
Any noticeable number of open cells will not be produced in said edge, and
the foaming ratio can be changed easily to regulate the size of void cells and
25  also to reduce said size enough to render almost uniform the internal texture

of said edge from a macroscopic point of view. Any unevenness is

avoided not to impair strength but to raise the strength of thin bassal ends of
~ 31—



the arcuate portion. Speaker edge thus produced is now not only excellent
in its mechanical strength but also highly resistant to water. It is
lighter in weight and inproved in its various physical properties, so that
speakers can now be produced easily and inexpensively, which speakers wl|
show each 5 an excel |l ent acoustic behavior and be al nost free from
variation in their properties. These advantages have not been afforded in
any cases of the prior art speaker edges or prior art speakers. It wll

now be appatharauate porgon eciSpeakér elge m§§ptém&p@ﬂ§®tﬁ&%dll§%eﬂ]@h{ ally

consi sting of the polyurethane prepolyner and the inactivate I 0 pol'yam ne
as the | at et tRandehanicabstrength but elaeilﬁghgndesimnpwsmer.prRcigq%ﬁtef in

manuf acture of speakers less apt to vary in their performance and/ or
qual ity. Ti Wsighhardimpragedsnits virious physical propérteREs@ithasprakefovape
made nore easiLy and sinply for the manufacture process of speaker edges
7a of 15 tReW hodnodysed wasHysand mexpensivedys wdniclofspehkersi will ishowedaght s
of the prior art two-liquid type conposition to solidify soon, causing a
mi xer | ahmedn SHcehlenhAeoustieiehavagr and beralmast fyeofpomy varidtionnipl diedty. A
very uniformy foaned tateds now egsured as shown in Figs. 2 and 12,
since the sB’éac/Q&%Fleédg e AAvAREAZEH, BAYE dW0t; beanr atforded uniany easeseof Hife
liquid type nmpasition tag be thernmally hardened w thout being affected by
anmbi ent hunpﬁg{?n&pet r@ﬁﬁ@S@quriaéﬁ.gp Tractical way of hardening the
conposi tion canybe.varied or nodified tp neet an emand and/ or .
requi renents. AItdgﬁlEi%wp § PP aﬁéﬁﬁﬂﬁﬂﬁfd 0¥6ﬂ?1’f§0§%@|€e¢0@@9&tm of
the 25 inv ' - ' ' 16,s0 that it can maintain {ts proper
acoustic rglgﬁgstggtrll@?ey ?g)%tin%o%%&eb&}bﬂﬂpgar@cf’ﬁp ¥ %‘f e gretigpted the
\?\A!Jlt o PRy ég@ﬂ%rrﬁﬁn%f as fife MiiPhifinBl 2EQides ERGYRE dnd 2 pensive fﬁrrc%egsl P
for manufacture of speakers less apt to vary in their performance and/or
quality.
Time schedule inclusive of interruption of operation can now be made
more easily and simply for the manufacture process of speaker edges 7a of
15  the invention, because there is no fear of allowing ingredients of the prior
art two-liquid type composition to solidify soon, causing a mixer jammed
with them unless they are consumed promptly and completely.
A very uniformly foamed state is now ensured as shown in Figs. 2 and
12, since the speaker edge 7a of the invention is produced using a one-
20  liquid type composition to be thermally hardened without being affected by
ambient humidity or the like condition. The practical way of hardening
the composition can be varied or modified to meet any demand and/or

requirements.
A damping paint 7¢ may be applied to the speaker edge 7a of the
25  invention as shown in Fig. 16 so that it can maintain its proper acoustic
resistance to reliably absorb reflected oscillation energy at the outer peri-

phery of the vibration plate 7 whenever it operates. Any dip will not
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appear in the nediate frequency band in the output sound pressure fromthe
speaker, thus ensuring excellent regeneration of sounds. The nechani cal
foam ng of the thernosetting conposition of the in- vention will afford the
foll owi ng advantages, in conmparison with the prior 5 art nethod of making
speaker edges fromthe two-liquid type conposition; (a) no |oss of raw
materials due to the mxing of main ingredients wth a hardener; (b) fine
and uniformclosed cells, by virtue of the nechanical disper- sion and

physi cal fodPP#J Bitherpedinte fiayencydeand:in twostput souodepiegsardfrbim s
mechani cal strength, thanks to the closed cells; (d) rapid hardening
(within 30 t)klulszﬁr@llﬁggr@fﬂﬁlmmegere&ratloncjfesmmdsdue to a sharp
critical terrperﬁ%ure f t.he thernosetfing conpound; (e) accurate

regul ation of thBEMeshanicahfoammg oftheotharmpsetting confpasitiondef they in-he
pi ston-type 1t 0. X ¢ W th the conposition; and (f)_ sinpler
equi pnent ng‘ﬁF@‘htwwﬁﬁerﬁbgaﬁéﬂ%% V%QE‘%S’#B&QTUEGEIS@R wib the pri@s 4
CLAI M5 1. ad t thi iti wh [ 5
mar edi cnt s Anae B RBTRE Rl i AAiHedr OB ey RN kP GnETROsSHN he

| at ent har dener Rei i i . 30l 4 d polyam ne, wherei.n a gas. i s

di Isger sed ![ g}ﬁ;th h(eazt h@@ r%ggsejtogiarr%é{' \é[gir%g@%dﬂ? PO]E)FK%F“P%gg &?F‘Eﬂ%f@y’é‘@ﬁ‘?ﬁﬂﬁ a
mol d, . so %ﬁr@?omlonsusequen y foans and solidifies itself in
the nold to gl%/e% e Speaker edge.

(b) fine and uniform closed cells, by virtue of the mechanical disper-
sion and physical foaming of the gas;
10 (c) better acoustic property and higher mechanical strength, thanks to
the closed cells;
(d) rapid hardening (within 30 seconds) raising manufacture effi-
ciency, due to a sharp critical temperature of the thermosetting compound;
(¢) accurate regulation of the mixing condition and foaming ratio,
15  afforded by the piston-type pump to mix the gas with the composition; and

(f) simpler equipment or plant rendering maintenance works much

easier.

20
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10 2. A speaker edge as defined in claim1, wherein the speaker edge is
adhered to and integral with the main body of a vibration plate. 3. A
speaker edge as defined in claim1l or 2, wherein internal void cells
produced in the speaker edge consist solely of closed cells, or consist a

m xture of closed cells and open cells. 15 4. A speaker edge as defined in
dlaiml, 2 or 3, wherein the internal void cells are of a size falling
within a range of | u to 100,a . 5. A speaker edge as defined in any of the
preceding clains 1 to 4, wherein the internal void cells have dianeters
whose average is 20 ,u and are distkba:tegaﬁe5|de this average as a nedian
di aneter. 20 6. A speaker edge as def% ) éﬂy of the preceding clains |
to 5 ~wherein it has a density falling within a range of 0.15 - 0.9 g/cn8.
7. A speaker edge as defined in any of the preceding clainms 1 to 6,

the mold' s i nt eral Aot kL U8 Bal 8 RubinGRERacmtporision whasg main e
Po an | nher npralgpsCare,a BifhRhank BhdlY el e 7 t8enG Rarendh; oad the
any of the proiEnageRet ey i idfared s BRIV ERie iuiielom ih Wnose
i ckor 1 egoneoee 13 FaimdiettiE copfE ISR phibrtd fhgd tnieot Tt aanold, "

| Si ' [ f t4d - Skt ien ose in
gy edi ents area e oS O b g fer TORT A BRI Mhe i
| at ent hardeogivé)qalh@p@a"kerigml vated solid pol yam ne,

10 2. A speaker edge as defined in claim 1, wherein the speaker edge is
adhered to and integral with the main body of a vibration plate.

3. A speaker edge as defined in claim 1 or 2, wherein internal void
cells produced in the speaker edge consist solely of closed cells, or consist a
mixture of closed cells and open cells.

15 4. A speaker edge as defined in claim 1, 2 or 3, wherein the internal
void cells are of a size falling within a range of 1 1z to 100 . .

5. A speaker edge as defined in any of the preceding claims 1 to 4,
wherein the internal void cells have diameters whose average is 20 u and
are distributed beside this average as a median diameter.

20 6. A speaker edge as defined in any of the preceding claims 1 to 5,
wherein it has a density falling within a range of 0.15 - 0.9 g/em?®,

7. A speaker edge as defined in any of the preceding claims 1 to 6,
wherein it has a skin layer whose surface is embossed with the pattern of
the mold’s internal surface.

25 8. A speaker edge as defined in any of the preceding claims 1 to 7,
wherein it has the skin layer smoothly continuing to an inner core of said

edge, without any apparent or distinctive boundary intervening between
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10 then mechani cal |y dispersing a gas throughout the thernosetting com
pgsition, thereafte? injgcting this conposition into a female nold segment
that has been heated to a tenperature below the intrinsic critical
thernosetting tenperature of the conposition, allowing it to start to
foam and t subsequently putting a male nold segment in the female segment,
wherein the mal e segment has been heated to a higher tenperature above the
critical tepperature so that the ingredients react with each other to
solidify wit’fth the nold. 11. The method as defined in claim 10, wherein a

hi gh-frequenc 20 .induction heater js used to solidify t he foaned
t hgr m)se'?t i ng%%rrp@‘s???%?ﬁr edge aa\,d’efmg&irm asyfef theapreapdingrolaims 1 to 8,

: L Csina: 91 a
thernosetting conposition a speaker. edge, the apparatus conprising: ¢
suction devW@%fqlPdEi@St?H‘ arwﬁﬁmwe“ém thivibagah ends ianelat least oftlh t he

I ston reci . the devige acting to suck air into the 25 cylinder
8uri ng suctsl%lﬁggkﬁ%i% agﬁhr[l%%fﬁ}efxie%gm?%g @??EH;@&W. 1§Sef T Olregh\z/i\n'rtglhn?htehgas

[ i L 1] er e i nder i ) S;
s "a0ua o 1T TR0 & Mokl aretikakl ek 96 athod aareposinmEiE | on
with the gageslupf:ng exhaustion stroke of the piston; #4. a conpression
device for injecting the gas-dispersed thernp- setting conposition into a

seament 1o heattaP TR € AL iRbE e FRRRFon %«E&%ﬁ@%?@é‘qﬁeﬁ?;ﬁg‘} reml e
seq mont, hopgrstfaf BTEY G S 1Akerk e B iR fieBF WaEdner heifg amove
t he inactivated solid polyamine,
10 then mechanically dispersing a gas throughout the thermosetting com-
position,
thereafter injecting this composition into a female mold segment that
has been heated to a temperature below the intrinsic critical thermosetting
temperature of the composition, allowing it to start to foam, and
15 subsequently putting a male mold segment in the female segment,
wherein the male segment has been heated to a higher temperature above
the critical temperature so that the ingredients feact with each other to
solidify within the mold.
11.  The method as defined in claim 10, wherein a high-frequency
20 induction heater is used to solidify the foamed thermosetting composition.
12.  An apparatus for making from a thermosetting composition a
speaker edge, the apparatus comprising;
#1. a suction device linked to a piston-type pump having a cylinder
in which the piston reciprocates, the device acting to suck air into the
25 cylinder during suction stroke of the piston;
#2. afeed device for charging the cylinder with the composition after

the cylinder is filled with the gas;
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thernosetting critical tenperature; and 10 #6. a nolding device for foam ng
and solidifying therein the foam. able thernosetting conposition. 13. An
apparatus as defined in claim 12, wherein a high-frequency induction
heater is used to solidify the foaned thernosetting conposition. 14. A
system for making froma thernposetting conposition a speaker 15 edge, the
system conprising: (1.) a suction process using a piston-type punp that has
a cylinder in ’%A{:i ch the pigto,n reciprocates, the process being designed to
suck air into fthe @ytirHagr devicentprsmechanicallyoruxofg mehnhet%npgtmn)or?h
feed process. charging the cylinder with the conposition after e
cyli nger i s‘”‘fd]ﬂl%(gaﬁﬁ 1 %GXE%@%{‘QIBr“‘t)rOhe@tfith@ Ph¥OP; ocess for mechanically
m xing with th%4co osition .with the Pas.d.uri.ng exhaustion stroke of the

pi ston: (4.) a’ConpfcSUNBRESSOR device, IqThiecting thee ggasdigperseds hermer mo-
cdge, " ahor SETThSOPMEHBoR e TR rEmens of T anplf SUmHMoRpERkeT
i ¢ segmesteen Vhifh ECRERAl SBemeny s hERIT ' Fereberatures bghesit thes °
tompor at ur et G eRIRAS L BB LS (o F oam ng and sol 1 di fying therein
(e foam oble el TRRELShPUEIEDTD i il SR ThReCRBAETH A,
|to|h:t Logmi‘? tlﬁ%‘xﬁt(r,a ?gﬁbgﬂng%aﬁ%@ﬁgﬁﬁ%is Heatéd 20 GA6Rer RMPrahRE fhoveidt ' On
thermosetting critical temperature; and
10 #6. a molding device for foaming and solidifying therein the foam-
able thermosetting composition.
13.  An apparatus as defined in claim 12, wherein a high-frequency
induction heater is used to solidify the foamed thermosetting composition.
14, A system for making from a thermosetting composition a speaker
15 edge, the system comprising:
(1.) a suction process using a piston-type pump that has a cylinder in
which the piston reciprocates, the process being designed to suck air into
the cylinder during suction stroke of the piston;
(2.) a feed process for charging the cylinder with the composition
20  after the cylinder is filled with the gas;
(3.) a stirring process for mechanically mixing with the composition
with the gas during exhaustion stroke of the pistoh;
(4.) a compression process for injecting the gas-dispersed thermo-
setting composition into a female segment of a mold forming the speaker
25 edge, wherein the female segment is heated to a temperature below the

thermosetting critical temperature;

(5.) a pressing process for fitting a male segment in the female seg-
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rein the speaker edge is made of a thernosetting conposition
3ﬂggé ﬁgfneingrediegts are agpolyurethang prepol yner and a l[atent hard 10
ener, with the latent hardener being an inactivated solid polyan ne,
wherein a gas is dispersed in and throughout the thernosetting o
conposition, prior to feed thereof into a nold, so that the conposbtagn a7
foans and solidifies itself therein to give the speaker edge. 15 2 -

ment, wherein the male segment is heated to another temperature above the
thermosetting critical temperature; and

(6.) a molding process for foaming and solidifying therein the foam-

able thermosetting composition.

o

I5. A system as defined in claim 14, wherein a high-frequency in-
duction heater is used to solidify the foamed thermosetting composition.

16. A speaker comprising a vibration plate built therein and a speaker
edge, wherein the speaker edge is made of a thermosetting composition
whose main ingredients are a polyurethane prepolymer and a latent hard-
10 ener, with the latent hardener being an inactivated solid polyamine, wherein
a gas is dispersed in and throughout the thermosetting composition, prior to
feed thereof into a mold, so that the composition foams and solidifies itself

therein to give the speaker edge.
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