Mul tilayer Multimaterial Diaphragns for a

Hi gh-Fidelity Acoustic Baffle Loudspeaker Field of the
Invention : The invention relates to the technica
sector of high-fidelity sound reproduction

appl i ances, specifically to the | oudspeakers of such
appl i ances, and nore specifically to a diaphragmfor
such a | oudspe ﬁ53§“{ LQR: 0% : P rt: The

di aphragm of aqiﬁrﬁ!atﬂg ucer hghg%gggb@q@g@al coupl i ng
of a novi ngfarai HighiFidelitys A ceosictBadfle loudspeaker r  gap
and t hrough which a nodul ated current passes and the
nol ecul es of air in order to ensure sound
reproduction. In addition to geonetric shape, the
qualities of a diaphragmare subject to three criteria
Fiid ofithe bprdintinncal | evel :  the wei ght of the di aphragm
its flexural strength, and its danping. The di aphragm
is customarily produced as a single-materi al

ThE itlehtiberelNbs @ tHBtcRRhiBA se@bf 6 hiBH fAcHRAGuUAOFRERITCHSN
anong the three preceding criterra. As a result, in a

an@imcesprsifiaatly tathgdovdspeakers afsuchspniisness, and merafpecifically
ossiple to have the rigidity desired for idea

t$%é?8§@§@ﬁ%ﬁs iiﬁggﬂ%aggitched sounds while mastering

the danping for proper reproduction of the

medi um pi t ched sound zone. A nonostructural solution

tigatof, At ndi vi dual optinization of the

criteria. Significant inprovenent was nade by the

patent filed by the applicant under nunmber FR 95
TB3A%phragm dihetradicer ehsiaessaachanithl chupfihg afameiving coil which is

t her monol ded foam both surfaces. of ich are covered
peitigneg) 1a$4 aff; gapandoug Rhic e %@ﬁﬂff@gmw BAFsERAng the
molecules of air in order to ensure sound reproduction. In addition to geometric
shape, the qualities of a diaphragm are subject to three criteria at the mechanical level:

the weight of the diaphragm, its flexural strength, and its damping.

The diaphragm is customarily produced as a single-material structure, of a material
offering a good compromise among the three preceding criteria. As a result, ina
16.5-cm medium-range woofer, for example, it is not possible to have the rigidity
desired for ideal reproduction of the low-pitched sounds while mastering the damping

for proper reproduction of the medium-pitched sound zone.

A monostructural solution does not permit individual optimization of the criteria.
Significant improvement was made by the patent filed by the applicant under number
FR 95 03092, on the basis of a sandwich diaphragm of thermomolded foam both

surfaces of which are covered by a glass film.

Statement of Technical Problem:




The progress made in the quality of digital sources
and anplification (both in nusical creation and in
reproduction), with increasingly wder frequency bands
extending from20 Hz to 40 kHz, make new denmands of

ransducers; .- gidity, for base speakers, i ncr i ng
ilasf%é%%anadsm% dglierbdigital eupes and d apdica &Oﬁwe isical

R R kT T o
froes0Hs es 4¢ &Hes mblks new Danmdsef taniduobsed in order to

el imnate the acoustic "shadi ng" inherent in the
mat eri al of the diaphragm shadi ng which becones nore

- Ri£0RY s B eh s frlctading Wy subefedas ?i§mg-EB€rg9rlé\Qllse mis

that these paraneters are’interrel ated
i nconpati bl e. Considering the new digi taI aud| 0
or mat s as 96kHz .. Dol i Qi t. SACD .
RSP b piaaes Tor§otfamg op e e ors HSPle fRF Fepppduction
oﬂﬁié@rahﬁ&@ﬁt@\mﬁ@mlﬁh iffequél 9 GEdpoHyRaBh&ratel ansducers such
that the quality | eap made by these formats

ultimately becomes perceptible. A constant factor is
! _ t
- %&E@@%&%%QW%{N &ﬂg:?t%dehrﬂ Rath Fl-f’é %Slsﬁgﬂﬁﬁ f ﬁl‘lerent i the

ntjtedlal bFthielidphitipeh, $hadihg hrhtdhe)emhes" ﬂnai'e ptﬁﬁ@imchd a$ the rigidity
.realistic to state that all the possibilities have
UKEERCexpl ored over the last fifty years. Single-Ilayer
conposite materials exhibit the sane limts. There is
thus a significant need for a diaphragm whi ch woul d be
The ptdbéem ismhniohest pataradtershaee dtariatedarl desapatibdel i n t he
French patent cited in the foregoing while the cost

of manufacture would remain conpatible with the

CORSBAS: AL nE@/Qh i ¥&dio fmidéh% ok 'Bﬁsbﬂk’ﬁﬂtm&ﬁ?r Bhéital,
lnventlon enpl oys a nul tilayer and nultimteria

SA¢ihd3VDe\stio nt aliyieis sTiategically important to make improvements in

electrodynamic transducers such that the quality leap made by these formats

ultimately becomes perceptible.

A constant factor is necessarily introduced, in that monostructural diaphragms allow
of no development, since their quality is bound up with the material used. It is
realistic to state that all the possibilities have been explored over the last fifty years.

Single-layer composite materials exhibit the same limits.
There is thus a significant need for a diaphragm which would be further improved
over the diaphragms described in the French patent cited in the foregoing while the

cost of manufacture would remain compatible with the demands of the market.

Summary of the Invention

This invention employs a multilayer and multimaterial composite structure. The
structure takes priority over the material with respect to rigidity. The solution

proposed provides a flexural rigidity nearly 20 times greater than that of the
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structure takes priority over the material wth
respect to rigidity. The solution proposed provides a
flexural rigidity nearly 20 tines greater than that of
the 2 conventional solutions for a cone of identica
cover. coat (6854 for this invention, 1%alnst 366

copventipral selufipry 95 a cong of identiralparer s (6 | Hug wyentign, as
%%lt ﬁ%ﬁ“ﬁ/ﬁﬁn foqlcg{ﬁﬂg we eﬁ{ﬁ 34¢mth 2P ﬁ?t}eﬁﬁﬁgw NeRR) for

respect to patent c

aluariegoj agl 42 Nmamlfer sayplopilahe). appr eci ably t he sane
results are obtained in terns of rigidity, but an

important difference is made which is based on the

\Wﬂp&@ngecct i GRntAGnt S8ddin iR %r@g&% @ fha P{be said that

poly i zation cycle are controll'ed.” H gher stability
appire¢inlely dhasaat Iesulb;tar@ gbtamed ik termma v £tigidaps it ne @Impt':ﬂh@lt

AEoenie el b T Biset e T Profehs B it e S Ao B
pé‘l@‘fﬂ?:hﬁﬂ:iorﬁ%fcﬁa dr@ sshtholRE. HIghdFREa8llitRbf theRHaABRibME is

nunber of l|‘ayers, the inner and/or” outer |ayers
ufienaigly optadeidse adj ust nent of the mass and rigidity and
of the speed of propagation of sound in the

di aphragm As was stated above, this results in a

ThacBschofMmbeferiaks, MgjaaitlL ikoss F5Ethe torstuf e afture, allows an
i nconpati bl e. The appl i cant has, however, succeeded in

adjusiment #ghe erd ofdamping.ve nultilayer, multinaterial
di aphragnms having greatly inproved characteristics.
The uni que advant age of the technol ogy thus devel oped

Aisg redudt gilthé ifayeriabuslifagd the mEatheoif Q@lersaﬂieliﬁﬁﬂmﬂ/ oobutehRyers
ucer by adaptin

res onse of a tran e _
EFAF Bepist pdjuptgnt eﬁs the masgipig gl HHPRdo { the sperdrafgropagation of
sound in the diaphragm.

As was stated above, this results in a large number of parameters some of which are

incompatible.

The applicant has, however, succeeded in designing cost-effective multilayer,

multimaterial diaphragms having greatly improved characteristics.

The unique advantage of the technology thus developed is the ability to effect
mechanical adjustment of the response of a transducer by adapting the characteristics

of the diaphragm to the source.

This eliminates the need in the anterior art for resort to subsequent correction by
electric filtration, something which creates phase problems and alters the sound

reproduction.

Detailed Description of the Invention



This elimnates the need in the anterior art for
resort to subsequent correction by electric
filtration, something which creates phase probl ens and
alters the sound reproduction Det ai | ed Description
of the lnvention Figure IAillustrates a dj gm1,
Faguag b dll ?%r@tqsw&lamw 1 sHaimed for the e/ opEny mlﬂ‘eé%& @argetaﬂed
Y |
SERPRUATEY YU ftas BV S B Bore UM Siaplagh TERE 0
obmnuslgsstmtanﬂed/mbdin@bmeemmveo 9 (in each of which A
represents sensitivity, B pul se response, and C
schematic structure and nonencl ature) present
[‘% 6sr23§)tg(1ﬁEhéh%f$i’H19i?h%€1%séﬁéjse%HﬁNﬁ§ B blilst'8dspaideNshd C
eir properties in relation to the hon-restrictive
sehearapic egugiesandpohnenclattie) prmehmammsuhuse slelciures andowves
erlzed in tha
i RBPTE R bragradn SIHERCR RE T REBRISE sfErmDaheE heo
with very high precision and thernonolded to the
geonetrlc shape desired for the diaphragmthe outer
T mrﬂf@e@omthug rdaigetoctidigphmagmt! fos adeudsprakepeharaciegisied in that
several, "outer plies"” of woven or nonwoven fibers
inpregnated mﬁth resin and formng a stratified skin

-0r " itopriskd Micord 2 dohisistingNef strdiutut 4l §6and cuSwith veryddgloprecision
not covered with one or nore "inner plies" of = woven

or néhdhgeRomplisd do thecamsticahang ql%lrﬁfé&rﬁh%@phr@m ng
a stratified skin or "inner skin" 9. The conposition
of the outer skin, especially the nunber and nature of
-t he tleuheer'surfpte €& coxered widsatdedstiomd, beferablytshﬁeral “outer
charag erlstlcs desi red. The ,resence of the ner_

ski nPYRY AfOVER RpBRRY DGR, lbégsp'@mr%gqa% With s fgrming g

stratified skin or “outer skin” 6.

the inner surface 7 is covered or not covered with one or more “inner plies” of
woven or nonwoven fibers impregnated with resin and forming a stratified

skin or “inner skin® 9,

The composition of the outer skin, especially the number and nature of the “outer”

plies varies as a function of the characteristics desired.

The presence of the inner skin and its composition, especially the number of the

“inner” plies, varies as a function of the characteristics desired.

As non-restrictive examples, the woven or nonwoven fibers making up the inner and

outer plies will be selected from the following categories:

- glass fibers



"inner" plies, varies as a function of the
characteristics desired. As non-restrictive exanpl es,
t he woven or nonwoven fibers making up the inner and
outer plies will be selected fromthe foll ow ng
categories: glass fibers f carbon fibers, polyethylene
-f i befarbon fihgssdpal vethulepa flbersraspmifes apdpgawrides (Dynesma™,
Spec M thankM etc). The foam maki ng
up t g§%$gy%¥h€§epwg¥$@cﬁﬁg [" type is selected from
among the follow ng: PlexiglasTM foamw th cl osed
ells of a density ranging from 30 to 100 kg/ nS,
T§9 fraEmmalngind ?ﬁ@rep%@e( ﬁg‘l'l%‘r yYPE R qC&f‘é‘)fg‘ewtaﬂmg the
falARRg cells of a density ranging froms0 to 200
kg/ m3" pol ystyrene foamw th closed cells of a density
ranging from15 to 40 kg/ nB. The inpregnation resin

I d i f. .t f,ol L NQ: [ t
¢ her e e dte S sdSsed el pingl Fartineliog de dpo kem
and phsadly s0rg$iahs thernopl astic resins (polyan de,

pol ypropylene). The expert will be able to select the
materials indicated in the foregoing as a function of

“or s YocoRpTRA SRR Vi CB5% ERd s AehBuahiE g 200

It skg,ulﬁd be noted that use nay be nmade of different
fibers and different inpregnating resins, or
conversely identical ones, for producing the plies,

_all Sgﬂgﬂ)’peaﬁte'fgﬂﬁ with closed cells of a density ranging from 15 to 40 kg/m’.

The impregnation resin selected is one of the following:

resins of the thermohardenable type: epoxy, polyester, vinylester, and phenol

resins

thermoplastic resins (polyamide, polypropylene).

The expert will be able to select the materials indicated in the foregoing as a function
of the properties sought by referring to the attached drawings and, optionally, by

conducting simple tests.

It should be noted that use may be made of different fibers and different impregnating
resins, or conversely identical ones, for producing the plies, all combinations as
determined by the properties sought being possible. Use may also be made of a
combination of fibers and resin for the inner plies and another combination for the

outer plies, or, again, the same combination.

For industrial reasons preference will be given to use of the same combination.



determ ned by the properties sought being possible.
Use may al so be made of a conbination of fibers and
resin for the inner plies and anot her conbination for
the outer plies, or, again, the sane conbi nation. For
I ndustrial reasons preference wi |l be given to use of
Thisesanduish epitrial it padwmedzad eithiesby eqrapicssiompatwesmmoldsand
r oJTRr

BTG AR oM FP4 L ARATRY o or e
re&ﬁf and dccodind0y ¥ MkchZatdluniformkeucturs i Thedndention relates to this
accordingly a nechanically uniformstructure. The
pFﬁﬁ@ﬁﬁﬂﬂ%Lrelates to this process as well. Exenplary
Enbodi nents The current nethod permts production of a

di aphragm for base-range and nedi um range transducers
whose di aneters var Exémphargé@Embodimehfs cm  Random

sanpling of frequency and pul se response curves has

been carried out for six variations of menbranes of
ThB %uﬁéﬂ‘?néi‘h@d"%rﬁﬁts fp%du%tln;@éf Ma RUSIPBABAE-raddand medium-

t hi cknesses the 1 nner and ? plies were varied
rdmge $langduggrstwimsediapretead vany ﬁrcmbﬂélcm tal If0fosr.ent

t hi cknesses ranging from1.6 mmto 4 nm The follow ng
enbodi nents were produced; the sensitivity curves of
REA&M §§Ihia|1‘ﬁ‘igjéiefre({u h&“i@pﬁse@eﬁhﬁs@ﬂﬂv&ﬂ%%&ﬁ Barried out for six
response curves ures X" are indicated on the
VeI eDs pémepﬂag@espﬁﬁleeamedum@sr F e d65-aym doudspeaksr.ar e
presented in the formof diagrans in Figures Xa C"

the plies or skins being separated fromthe core

TeX eliblaicy®h Bf fRinhdtend Salee piés weRvati¥d B sidifs aitradibedl. 1o

obtain different thicknesses ranging from 1.6 mm to 4 mm.

The following embodiments were produced; the sensitivity curves of each structure
{Figures X

« A ») and the pulse response curves (Figures X « B » are indicated on the opposite
page; the structures given as examples are presented in the form of diagrams in
Figures X « C », the plies or skins being separated from the core exclusively for the

sake of clarity of presentation.

CWM-L or CWM-2F/M 1.5 Figure 2C, 9C

1 inner glass ply,

foam core 1.5 mm thick

1 outer glass ply

(Figures 2A and 2B and 9A and 9B)



CWL or CWM2F/M1.5 1 inner glass ply, foamcore 1.5
mmthick 1 outer glass ply (Figures 2A and 2B and 9A
and 9B) Figure 2C, 9C CWMor CW 3P/ M 1.5 1 inner

glass ply, foamcore 1.5 nmthick 2 inner glass plies
(Figures 3A and 3B) CWs-1P/M2 1 outer glass ply, foam
core 2 mmthick (Figures 4A and 4B) CWs-1P/MB 1 outer

(ﬁkfﬂﬁﬁr?‘WM-sﬁfoI@Ofe 3 mm thick (Fi QUffﬁéuéﬂs@nd 513)
outer glass plies foamcore 1.5 mm
t hi ck

1 inner glass ply,
foam core 1.5 mm thick
2 inner glass plies
(Figures 3A and 3B)
CWS-1P/M2 Figure 4C
1 outer glass ply,
foam core 2 mm thick
(Figures 4A and 4B)
CWS-1P/M3 Figure 5C, 7C
1 outer glass ply,
foam core 3 mm thick

(Figures 5A and 5B)

CWS-2P/M1.5 Figure 6C, 9C

2 outer glass plies

foam core 1.5 mm thick




7 Figure 3C Figure 4C Figure 5C, 7C Figure 6C, 9C
(Figures 6A and 6B and 8B) These figures show
(conparative behavior of alternative diaphragns with a
common base of 6 1/2" - 16.25 cm | oudspeakers) that

1. Effect of nunmber of plies on a sandw ch structure
(Kigungs £8rd HB ando¥B t hi ckness: The rigidity is

i ncreased by increasing the nunmber of plies (3 plies

CW - 3P/ M1.5  Figures 3A/ 3B, as opposed to 2 plies
TawWeH o éd sholy, (chingutaese BeaZid) of dlenativel didphtegmsesith nsemmon
is linearized in th 000 Hz band; the pulse is
baseraf&r /2 b@%ﬁ&@éﬂu‘gﬁﬁﬂﬁeﬁiﬂ%ml ng is simlar. 2.

Ef fect of core thickness on a sandw ch structure: the
CWs - 1P/ MB structure (figures S5A/5B) has a core 1.5

1t i meEffetli afkeumbich aﬁplndseon@/@ndﬁicﬂd@tmcﬂumzwuh %ﬂp_@ﬁlpknﬂ:

Thesiesirds ireant B b RARE (L P Cop 8 CIREr B/ L5,
Faut&I2IB. & pRsdde ﬁﬁﬁés @\mtzmﬁ NS EFipiROIAWID The

remains the same. This solution is especially well
amglitudd r¢sopns§= is hnearigad in tho@0-19pe Hxthiapg; tha pulse 190zpdter
rrz%m(gle;‘3 3. % arargllve1 e{lfect of nunber of plies on the
BUYEF %ﬁﬁlqﬁ ﬁidm@f £8PE™Hi ckness  on a structure with

no inner skin: The rigidity is simlar; the thinner
2P/ M 1.5, Fi gures 6A/ 6B) covered with two

E s s thigkness gnaa sandwigh) straciyeg: Aha W Sv\}-ﬁ/i\@qtﬁ)@ture
n%s}%)%) S HELES EL UGBS AR W TS SrhBe (b Rres
4A/4B): its rigidity is increased and the dampmg is improved. It will be noted that the

mass is little affected, since the efficiency of the transducer remains the same. This

solution is especially well suited for a “piston stroke™ operation in the bass range.

3. Comparative effect of number of plies on the outer skin and of core thickness

on a structure with no inner skin:

The rigidity is similar; the thinner core (CWS - 2P/M 1.5, Figures 6A/6B) covered
with two outer plies exhibits better pulse behavior, while the CWS-1P/M3 structure
(Figures 7A/7B) exhibits superior damping with a thicker core.

4. Comparison of a sandwich structure and a structure with no inner skin of the
same core thickness:

A CWM -2 P/M 1.5 (Figures 9A/9B) is compared to a structure of the same core
thickness having no inner skin, CWS - 2P/ M 1.5 (Figures 8A/8B).

The latter, with no inner skin, exhibits better controlled pulse behavior and damping.

It is a choice particularly well suited for the medium range.

8



4. Conparison of a sandwi ch structure and a structure
with no inner skin of the sanme core thickness: A CW\W
- 2P/M1.5 (Figures 9A/9B) is conpared to a structure
of the same core thickness having no inner skin, COAS
2Pl M 1.5 (Figures 8A/8B). The latter, with no inner
Tl best easpRiliians up & the presews mﬂ the anqst FeBMER F&TFIQRY fo) A gnedium-
a{é%gpdn@gﬁ)el%!ﬂf, gbr?sm"?s gf%&g lgamlﬂ tﬁ%élkgﬁlrtrl%aﬂnt‘@&l}%r 5:1%5‘1 Bﬁﬁo F®rons
prdesainfromawd pﬂ1b£ofnﬁsm1¢ron'gmss.ver sion for a nmedium
range | oudspeaker, consists of a core 1.5 nmmthick
with an outer skin of 10 microns produced fromtwo
Ptk %§se05f 3595 Eﬂq%&%r‘ﬂlﬁ%m 1'5 '3 rtnlﬁelhi%ﬁ%ﬁd fs & FReCdWin of three
woofer this core is 3 ck and has an inner skin
50fmitionedies 50d an cutenskinh Dﬁ@voajﬁ}nmompha skin of two
50-micron plies. The invention also applies to
| oudspeakers for acoustic baffles having a di aphragm
Tﬁ§ 1nv§ﬁﬁ‘6:rl §1s@8hP1RE 1d RAETRMRE Fthicoddii’ bafke Mal @ ? adligshragm as
lies to acoustic baffles provided with at [east one
SIbe@waslpfeaﬂlermvem@nprl sing a di aphragm as specified for
the invention. Lastly, the invention applies to all
appl i cations of such diaphragns, |oudspeakers, and
Tﬂ@ Qiiehiien H18d ﬁ%}ﬂﬁ:s t@aconstidshiTiePprodided wdth at $@eCHHd Ioadsdpyaker
gh or ver igh fidelity reproduction, for all
C?Iﬂpﬂﬁtl&ad agrrhaSeﬁwamﬁ@d fQrriBe invewiQk ence roons,
concert halls, notor vehicles, and other |and
transportation vehicles, rmriti me or air
transportation vehicles, and the like. The invention

e b S Iopl e L PBhes) BB MLD cna
ab R DErikDst sBRR LepRIduBhon, QPedi RGBS oierP hibh fidelity

reproduction, for all private uses, in auditoriums, conference rooms, concert halls,

motor vehicles, and other land transportation vehicles, maritime or air transportation

vehicles, and the like.

The invention also covers all embodiments and all applications which may be
understood immediately by the expert after reading this application, on the basis of his

own knowledge, and optionally after conduct of simple routine tests.



own
r out
| oud

know edge, and optionally after conduct of sinple
ine tests. 9 CLAIMS 1. A diaphragm 1l for a
speaker, characterized in that such di aphragm 1

conprises a core 2 consisting of structural foam cut

W th

hi gh preci sion and thernonol ded to the geonetric

shape desired for the diGhMBE the exterior surface

4 is
of ,
1l nmpr
skin

covered with at | east one, preferably a plurality
"outer plies" 5 of woven or nonwoven fibers
agdiapkrhgm f Hor £kudspteakdrpeiavactetizadiindtae or "out er

" 6, The interior surface 7 is covered or not

covered with one or npbre woven or nonwoven "i nner

- Pl i egnch! RafiRhdh 3 cbglllshg@s_t £cdtk 2ﬁbbﬁé}&{nvg\;é@ sBuSrural foan] Bt with

di aphragm™as Speci

or n
whi ¢

ed in claiml, erein the woven
bighgpremsion bt therrhomaided) ta the geometricashepadasaed firiths
.are selected are anong the foll ow ng: glass

fi bef'@PEEEBon fibers, polyethylene fibers, aranides,

and

par a- am des (DyneemaTM  SpectraTM KevlarTM

VectranTM 3. The di aphragm as specified in claim1 or
-2, whsrextetior serfiasahis covrred withiah tpastame, prgfesabd i pgduralityiod,

anon
cel
typi
cl os

g.the follow ng. PlexiglassIMf.o i 0se.
Colsplqe A8t bV et AR My Rl RS o forma
Gahihite 20 “b@endki®M; (pol yvinyl chloride) foamw th

ed cells of a density ranging from50 to 200

kg/ n8

The interior surface 7 is covered or not covered with one or more woven or

nonwoven “inner plies” to form a laminate or “inner skin 9.”

The diaphragm as specified in claim 1, wherein the woven or nonwoven fibers

forming the inner and outer plies which are selected are among the following:
glass fibers

carbon fibers, polyethylene fibers, aramides, and para-amides (Dyneema™,

Spectra™, Kevlar™, Vectran™!)

The diaphragm as specified in claim 1 or 2, wherein the foam constituting the

core selected is among the following:

Plexiglass™ foam with closed cells of a density ranging from 30 to 100 kg/m®,
typically 50 kg/m’

PVC (polyvinyl chloride) foam with closed cells of a density ranging from 50

to 200 kg/m’
10



to polystyrene foamw th closed cells of a density
ranging from1l5 to 40 kg/nB 4. The di aphragm as
specified in any one of clains 1 to 3, wherein the

i npregnation resin chosen is one of the foll ow ng:
resins of the thernohardenabl e type: epoxy, polyester,
vi nyl ester, and phenolic ester thernopastic resins:

P SRR RouR SR s o AL L ERE A BTG A

of different fibers and different inpregnation resins,
or conversely identical ones, for producing the
41 i edhe draphragm ashpecibad inaty O odrlame & te 3 gberendss

may Hﬁg@ﬁi@i&%}éﬁ?ﬁ{, Eféos‘eﬂ € S h@hhl%gfriﬁ%].d anot her

conmbi n out er pﬁles, he sane

conbi nati on may be enpl oyed. 6. The di aphragm as
specified_in claimb5 erein the sanme conbi pation,i .
- enpl Byl of he theancliazisnp ﬁmfge%wep‘?]ws%% in|psteand phenolic
claipgel to 6, wherein the thicknesses of the inner

and outer plies are nodified by cutting the materi al

in different thicknesses ranging from1.5 mfmto 4 nm

8. The di aphragm as eci.fied in any one of clains 1
“to 7,“1%81’ Flﬁr’%ﬂﬂf’h POBFaﬁ‘Bﬂ?’J’QFHPéW? % s a sandwi ch
structure selected fromanong the followi ng: 11 CA L

or WM 2P/ M1.5 1 inner ply of glass, foamcore of a
5t hi cikhedispbfagm & spaeified in any one of claims 1 to 4, wherein use may be

made of different fibers and different impregnation resins, or conversely
identical ones, for producing the plies, or also one combination of fibers and
resin may be employed for the inner plies and another combination for the

outer plies, or the same combination may be employed.

6. The diaphragm as specified in claim 5, wherein the same combination 1s

employed,

7. The diaphragm as specified in one of claims 1 to 6, wherein the thicknesses of
the inner and outer plies are modified by cutting the material in different

thicknesses ranging from 1.5 mm to 4 mm.

8. The diaphragm as specified in any one of claims 1 to 7, wherein such

diaphragm exhibits a sandwich structure selected from among the following:



1 outer ply of glass CWMor CWM 3P/ M1.5 1 outer ply
of glass, foamcore of a thickness of 1.5 mm 2 inner
plies of glass CWs-1P/M2 1 outer ply of glass foam

core of a thickness of 2 nm CW5- 1P/ M3 1 outer ply of

gl ass_foam core of a thickness of 3 nm CA\&-2P/ML.5 2
out epvﬁM'E‘s‘”'o@WdY[a%lyNi b3m core of a thickness of 1.5

mm 12, 9. The di aphragm as specified in any one of
claims 1 to 8 for bass-range and nedi umrange

t ransduceld sniuenehydefoglatser s of which vary from48 cmto
10 cm 10. The di aphragm as specified in any one of
claims 1 to 9 for a nediumrange |oudspeaker, wherein

such di aphsa08re@ns ifitncé of1.6@8 Of a thickness of
1.5 mmwth an outer skin of 100 m crons produced

fromtwo plies of glass 50 mcrons. 11. The di aphragm
as specifiled in any jone of clains 1 to 9 for a woofer
33 cmin é’lu'éeﬁ@%ye?,g%ﬁerei n the thickness of the core
is 3 mmwth an inner skin of 3

CWM or CWM-3P/M 1.5
1 outer ply of glass,
foam core of a thickness of 1.5 mm
2 inner plies of glass
CWS-1P/M2
1 outer ply of glass
foam core of a thickness of 2 mm
CWS-1P/M3
1 outer ply of glass

foam core of a thickness of 3 mm

CWS-2P/M1.5
2 outer plies of glass

foam core of a thickness of 1.5 mm
12,




plies of 50 mcrons and an outer skin of two plies of
50 mcrons. 12. A process for manufacture of a

di aphragm as specified in any one of clains 1 to 11,
characterized in that such sandw ch-structure materi al
Is polynerized either by conpression between nold and
counternold or by vacuum nolding, at a tenperature

gPEr mI'fl% H ﬁh‘ﬁgﬂﬁﬁ;@éﬁﬁéd 81”2,:1 on% %?Ffaﬁﬁﬁ i\ t@@ 135399 fa?g@ %d'

producti o ani cal Py uni Srm stTuct

D aphicdirsrdnge tlansdnsae akedismefersagfondsith aaﬂgeffdrh (48 cm to 10 cm.
characterized in that such diaphragns are

manuf actured by the process as specified in claim 12.

144 Eﬁé’ gﬁgﬁjﬁéﬁm as dsé@cﬁﬁ AUl dneRRbiifs 1 t&b BBl Ange

in that s peakers “conprise a di aphragm as
specldudgeaker, azhyrebnmchﬁmplhmgrrsccmststs dfh cancloflBthiddmess of 1.5

Acoustic. baffl es, terized in that such. acoustic

par { b i n b oD ciaps peesbed fem S GaLS e s
specifidgak i n cI aim14. 16. Applications of diaphragns,
| oudspeakers, and acoustic baffles as specified in

any one of claims 1 to 15 for the reproduction of

?32??‘? 988 %gngqls:s%gﬁfgcggéan& élg of gﬁurg%&\{? g¥?r&|§oofer 33 cmin

conf gragReR, wh&eitthe HEIGRES offtBd bére 188 bR BSnfAdtdkin of 3
ot her | and transportation vehicles, maritime or air

t r anBlixsrafai misransiand an sutes slein o e plies of 5§ microns.

12. A process for manufacture of a diaphragm as specified in any one of claims 1
to 11, characterized in that such sandwich-structure material is polymerized
cither by compression between mold and countermold or by vacuum molding,
at a temperature permitting polymerization of the resin and accordingly

production of a mechanically uniform structure.

13.  Diaphragms for loudspeakers of acoustic baffles, characterized in that such

diaphragms are manufactured by the process as specified in claim 12.

14.  Loudspeakers for acoustic baffles, characterized in that such loudspeakers

comprise a diaphragm as specified in any one of claims 1 to 11 and 13.

15. Acoustic baffles, characterized in that such acoustic baffles are provided with

at least one loudspeaker as specified in claim 14.

16.  Applications of diaphragms, loudspeakers, and acoustic baffles as specified in
any one of claims 1 to 15 for the reproduction of sounds, especially sounds of
high or very high fidelity, for all private uses, in auditoriums, conference
rooms, concert halls, automobiles and other land transportation vehicles,

maritime or air transportation vehicles, and the like.
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