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Application September 9, 1946, Serial No. 695,806 

(C. 154-01) 3 Claims. 
1. 

This invention relates to articles integrally 
formed of fibrous material. This application con 
stitutes a continuation-in-part of my copending 
application Serial No. 422,388, filed December 10, 
1941 and which has issued as United States Pat 
ent No. 2,408,038 on September 24, 1946, which 
application Was a continuation-in-part of my ap 
plication Serial No. 121,604 and was filed January 
21, 1937, now abandoned. The invention is de 
scribed herein with particular reference to the 
manufacture of acoustic diaphragms and to the 
manufacture of blanks from which acoustic dia 
phragms can be readily produced. It is to be 
understood that the invention is not limited to 
the particular articles disclosed herein. 
According to present practice acoustic dia 

phragms are at present manufactured of fibrous 
materials according to either one of the two 
following methods: 

i: A cutout blank is made of a piece of paper 
which is spliced into a somewhat conical shape 
using cement to effect the splice and this blank 
is Subsequently shaped in a piece and otherwise 
treated to make the finished acoustic diaphragm. 

2: A Seamless hollow blank is accreted on a 
screen to the approximate shape of the finished 
article desired and is Subsequently trimmed and 
treated to make the finished acoustic diaphragm, 
there being no splice in the diaphragm made 
in this way. 
The objection to the first above-noted method 

is that the splice in the conical portion of the 
finished diaphragm unbalances the diaphragm as 
well as serving an awkward and expensive meth 
od of making the diaphragm. The second meth 
od is acceptable but the processes involved in 
making it are extensive and costly and the con 
Centration and distribution of binders has not 
been easy to regulate. 

Heretofore the application of binders has been 
done by dipping and could not be finely distrib 
uted So that the range of application and the 
number of fibers in contact with the binder ma 
terials in a certain area was not possible to regu 
late accurately. Hence stretch could not be had 
in blanks heretofore. 
The present invention overcomes both the ob 

jections above-mentioned and devises a structure 
composed of intermingled or heterogeneously ar 
ranged textile fibers bonded to each other by the 
intermingling of thermoplastic particles which 
are distributed preferably by spraying or squirt 
ing throughout the fibrous structure. In certain 
areas the bonding thermoplastic particles are 
So distributed as to produce flexible sections and 
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in certain areas are so distributed as to give stiff 
eSS. 
The object of this invention is to provide a 

Enore economical and efficient method of produc 
ing hollow articles such as blanks for acoustic 
diaphragms which results in a more uniform 
product, and a lower cost product. Another ob 
ject of my invention is to provide a method of 
making hollow articles wherein the thickness 
of various sections may be varied although the 
articles are integral. Another object of my in 
Vention is to make a blank as for an acoustic 
diaphragm which can be subjected to heat and 
pressure and cured to its final shape. Another 
object of my invention is to make a blank for a 
hollow article such as an acoustic diaphragm 
which can be distorted at least 20% to 30% under 
heat and pressure. Another object of my inven 
tion is to provide articles formed integrally of 
deposited fibrous material having areas of widely 
varying rigidity. Another object of my invention 
is to provide a hollow blank formed integrally 
of fibrous material having a relatively rigid coni 
cal section and a relatively flexible flange to act 
as a suspension therefor. Another object of my 
invention is to eliminate or Substantially cut 
down greatly the amount of liquid mediums now 
used to Suspend fibers for deposition in the mak 
ing of hollow fibrous articles such as acoustic 
diaphragms. Another object of my invention is 
to make a blank for an acoustic diaphragm which 
has improved wet strength. Another object of my 
invention is to make an acoustic diaphragm 
which is moisture resistant. 
My invention involves the production of hollow 

articles from fibrous materials such as fibers of 
cotton, rayon, kapok, Wool and wood and other 
textile fibers by the simultaneous but separate 
spraying of such fibers or a mixture thereof in 
the substantially dry state with a binder such as 
cellulose acetate or resins or plastic materials 
or latex upon a form and either compacting the 
deposited binder in the fibrous material and the 
deposited fibrous material upon said form while 
Subjecting it to heat and pressure or removing it 
from the form upon which the layers were de 
posited and subjecting it, to heat, and pressure 
to compact and shape in a mold. Preferably the 
operation of depositing the blank is carried out 
by means of a number of spray devices or ducts 
placed closely together and directed to cover the 
form. At least, one spray device is employed to 
discharge fibrous material in dry form and an 
other spray device is employed to discharge the 
binding material. The separate spraying of the 
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fibrous material and the binder enables the Spray 
ing operation to be carried out in the proportions 
desired and to regulate easily the deposition of 
fibers and the deposition and distribution of the 
binder. A solvent may be used with the binder to 
facilitate spraying and distribution or the binder 
may be rendered liquid by heat, and ejected from 
the spraying device through fine orifices under 
hydraulic pressure or the binder may be applied 
in particles. 
Gas preSSure may be used also as a Spray 

medium and heated steam may be used as a 
heating means and liquidifying or softening 
means for the binder as well as to assist in the 
atomization of the binder. Attenuated filaments 
of the binder may be produced by these spray 
devices or a fog may be produced of very fine 
particles of the binder under hydraulic pressure 
and heat. In other words, the form in which the 
binder is sprayed can be regulated so that it is 
necessary to use only a minimum of binder ma 
terial to produce a strong and stretchy fibrous 
layer suitable for use in making a hollow acoustic 
diaphragm. The spray device used to apply the 
fibrous material may be so situated and directed 
that the fibrous layer applied by one device will 
have its fibers crossed at an angle by the 
fibrous layer deposited by another device so 
that a certain amount of cross-lapping and in 
terlacing of the fibers is affected. Tamination is 
also possible. The binding material may be 
applied in such a way that only a very few of the 
fibers deposited come in contact therewith or it 
may be applied in Such a way and in such propor 
tions that all or nearly all the dry fibers come in : 
contact thereWith and are bound thereby, Im 
mediately after completion of the deposition of 
the layers wanted on a base or form, the material 
So deposited may be removed and subjected to 
heat and pressure as for instance to make an 
acoustic diaphragm. The material so produced 
can be varied extensively so that it has considi 
erable stretch and flow and can be molded to 
make the shape desired and of the thicknesses 
desired. Water resistance can be also developed 
to the degree desired. Porosity can also be regu 
lated to the degree desired. Due to the amount 
of stretch in the blanks made according to my 
proceSS Seamless hollow acoustic diaphragms can 
be molded from flat material in certain cases and 
from blanks which only roughly approximate the 
finished article in other cases. When the blank 
is initially deposited it can be handled immedi 
ately thereafter and subjected to heat and pres 
Su'e aS in a mold. The fibrous material may co 
sist of Wood, cotton, rayon, wool or synthetic 
fibers or a mixture of paper or textile fibers. 
Binders, preferably thermoplastic, may consist of 
lacquers or resins, natural or synthetic, various 
plastic materials or rubber-like materials. A 
number of binders as well as a number of fibers 
each having different characteristics may be used 
to make the same blank or hollow articles such 
as an acoustic diaphragm. Different materials 
Or combination of materials may be used for dif 
ferent areas of the same integral article to pro 
duce desired characteristics. Thus the hollow 
body portion of an acoustic diaphragm may be 
made of a mixture of cellulose acetate binder and 
cotton fibers, the cellulose acetate being partially 
applied as a liquid and partially applied in small 
particles or filaments. Thermoplastic materials 
Such as cellulose acetate may be applied or inter 
mingled with the fibers having a certain content 
of a gas-producing agent such as ammonium car 
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4. 
bonate mixed therewith so that when Subse 
quently subjected to heat, the ammonium carbon 
ate will produce a cellular structure due to the 
evolution of gas and its retantion by the thermo 
plastic walls Within a mold. Thus a very light 
bodied structure can be effected possessing rela 
tive rigidity, which is very desirable in certain 
Sections of an acoustic diaphragm. In any case 
after the mixtures of fibers and binders has been 
deposited the material so deposited may be fur 
ther pressed and inclded under heat and greatly 
distorted. 
A conical diaphragm inade according to my in 

vention may be tapered in thickness radially in its 
conical body section so that it is thicker near the 
apex and thinner near the base of the conical 
Section. The deposition of the fibrous materials 
and binders may be carried out on either male or 
female forins. These forms may be perforate or 
porous or solid and suction may be applied to 
these forms during the deposition of these na 
terials and the forms may be moved to facilitate 
the deposition and distribution of these materials. 
The connection between the voice coil Support 
and conical section of an acoustic diaphragm may 
be reinforced at will and the length of the voice 
coil Support and shape thereof can be regulated 
at Will according to my invention. Diaphragms 
inade according to my invention can be molded to 
finished sinage without trimming which is at pres 
ent l'esoted to as being necessaly in the manu 
facture of integral acoustic diaphragms. They 
can be cured 2,118 finished on the form on which 
the original deposition is made in for example 
less thain 5 Seconds. A voice coil. Such as is used 
in connection. With acoustic diaphragms can be 
incorporated in its proper location in a tubula." 
neckpiece at the apex of the conical portion of 
the diaphragn at the time of deposition of the 
fibrous material and binder Cr an annular receSS 
Jay be incorporated in the diaphragm at the 
tine of deposition of the fiorous material and 
binder and the voice coil may be wound in this 
an inular receSS Subsequently. The terminals of 
the voice coil may also be imbedded in the fibrous 
and therinoplastic layer of the conical body por 
tion at the time of deposition of the fibers and 
thernostatic materials. The corrugations which 
are usually placed in the edge of hollow acoustic 
diaphragms can be molded as deep as desired due 
to the fact that the material deposited has at 
least 20% to 30% stretch When heated. The mold 
Sed in final Shaping of acoustic diaphragms may 
be heated with steam or electrically or otherwise. 
in general, I have found that diaphragms made 
according to my process comprise by Weight about 
90% to 95% fibrous materials and 5% to 10% 
binder material. However, in certain areas and 
for certain applications these amounts may be 
Varied Widely depending on the use intended. Ac 
COrding to present practice a great deal of vacu 
um is required in making acoustic diaphragmS 
by accreting fibers or pulp on a foraninous base. 
Whereas with my method vacuum can be dis 
pensed With entirely although a little may be 
helpful; and no water is necessary, whereas great 
quantities alre necessary in making either blanks 
or acoustic diaphragins according to present 
practice. Coaxial flanges at the periphery of the 
diaphragm can be readily and easily produced 
integrally with the rest of the acoustic diaphragm 
by my method. This can be accomplished only 
With great difficulty by present methods. 

Briefly, what I do is to incorporate nonbinder 
fibers dry or substantially dry with binder par 
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ticles of thermoplastic materials to make hollow 
molded fibrous articles having relatively stiff and 
pliable areas and areas of differing thicknesses as 
Well as areas of different density. Also by my 
proceSS flat blanks or sheets can be made and 
Subsequently distorted in a mold under heat and 
preSSure to produce a finished shape. Or inter 
mediate shaped blanks can be made by my in 
vention and readily distorted under heat or pres 
Sure to the desired shape. In some cases where 
extreme distortion is desired moistening of the 
blank prior to pressing is helpful. 
Forming by deposition and rolling a flat sheet 

with heat after deposition of binder thermoplas 
tic and fibers and subsequently adding lacquers 
and/or thermoplastic solutions prior to molding 
is also contemplated according to my invention. 
By this method flat sheet material can be made 
in lengths and stored until used. Wetting this 
sheet prior to or during pressing assists in the 
distortion to form the finished shape of the 
acoustic diaphragm. This sheet may be wetted 
with thin thermoplastic liquids to assist in mold 
ing and Waterproofing prior to pressing. 

Preheating of the fibers and thermoplastic ma 
terials to facilitate production can be resorted 
to when desired according to my invention. 

It is according to my invention to be under 
stood that fibers of any length can be used to 
make the blank and a mixture of fibers as to 
length, size, and density may be used. 

Also it is to be understood according to my 
invention that fibers may be laid in single layers 
On end or With ends sticking up and rolled down 
in alternate direction. With heated rolls so that 
One layer of fibers is at an angle to the adjacent 
layer which is rolled in another direction after 
deposition and bonded in this angular relation 
ship by the thermoplastic binder. 
The heat used in the mold should be Sufficient, 

to soften the thermoplastic binder. 
Thermosetting plastics may be used if only 

partly reacted prior to application and in this 
case the heat of the mold should be sufficient to 
ce. 
The method and article of the invention are 

illustrated in the accompanying drawing in 
which; 

Figure is a partial Sectional view illustrating 
formation of the blank; and 

Figure 2 is a similar view illustrating the final 
forming Operation. 
As shown in Figure , the blank may be formed 

On a conical foraminous form. Such as a fine 
screen O. The screen is supported at its periph 
ery on a ring which is rotatably mounted on 
a suction box 2. A conduit 3 connects the 
interior of the ring and the lower Surface of 
the screen 0 to a vacuum pump or other source 
of vacuum. Except for the particular shape of 
the screen this construction is substantially simi 
lar to that disclosed in my Patent No. 2,408,038. 
The dry fibers are sprayed onto the screen 

through a plurality of nozzles 4 which are 
spaced around and above the screen. As shown, 
more nozzle may be located near the apex Of 
the screen than adjacent its periphery to form 
a conical blank 5 which tapers in thickness from 
its apex to its periphery. The binder is Sprayed 
simultaneously with the fibers through nozzles 
6 which are located adjacent to the nozzles 4 
and are spaced to produce the desired distribu 
tion of binder. Thus, the nozzles 6 may be air 
ranged to deposit more binder in proportion to 
the mass of fibers adjacent to the apex of the 

O 

6 
blank than adjacent its periphery to make the 
diaphragm somewhat harder and stiffer adjacent 
its apex. 
The binder, as described above, is sprayed in 

Such a manner and in Such quantities as to pro 
duce discrete particles or filaments of binder man 
terial mixed with the fibers. In addition, the 
binder may have a foaming agent mixed there 
with to cause it to foam during subsequent treat 
ment. 
After a sufficient quantity of fibers and binder 

have been Sprayed on the screen to form a blank 
of the desired thickness, the blank is removed 
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and placed in a mold as shown in Figure 2. This 
rold comprises a hollow base 7 through which 
heating fluid may be circulated through pipes 8. 
The top of the base is formed by a generally 
conical plate 9 whose upper surface is shaped 
to conform to the desired diaphragm shape. As 
ShOWn, the plate 9 provides a central substan 
tially cylindrical portion 2 to form the neck of 
the diaphragm, a corrugated edge portion 22, and 
an annular intermediate shoulder 23. 
A hollow ram 24 completes the mold and may 

be heated by circulation of heating fluid through 
pipes 25. The ran has a lower conical closure 
plate 26 generally complementary to the plate 9 
to leave a Space between them corresponding to 
the desired diaphragm shape when they are 
brought together. As shown, the conical tapers 
of the two plates are slightly different to form 
a diaphragm as indicated at 27 which tapers in 
thickness fron its apex to its rim. 
AS the rold parts are brought together on 

the blank it will be shaped and compressed to 
the desired final shape. During this operation 
the binder particles are made S0ft and adhesive 
due to the heat, and pressure to bind the fibers 
together at Spaced points. After the molding 
Operation, the diaphragm may be warnished or 
otherwise Sealed and is then ready for use. 

Having described my invention what I claim 
S. 

1. The method of preparing a blank for a coni 
cally shaped diaphragm comprising the steps of 
Collecting Separated fibers on a foraminous form, 
connected to means for evacuation, as a layer 
in which the fibers are haphazardly arranged in 
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internatted relation, and dispersing finely di 
vided resinous binder particles with the fibers 
prior to their deposition whereby the binder par 
ticles collect at Spaced apart points on the Sur 
faces of the fibers, the arrangement of fibers and 
binder particles being such as to enable the layer 
Subsequently to be shaped to conical form with 
the binder particles securing the fibers together 
at Spaced apart pointS. 

2. The method of preparing a blank for a coni 
cally shaped acoustical diaphragm comprising 
the steps of spraying dry fibers from separate 
Sources onto a conical form in greater quantities 
adjacent to the apex of the form than at points 
spaced from the apex to provide a layer tapered 
radially in thickness from the apex of greater 
wall thickness to the base of least Wall thickness, 
and Spraying dry finely divided resinous binder 
particles on the fibers prior to deposition to col 
lect in Spaced apart, relation. On the Surfaces of 
the fibers where they are able to Secure the fibers 
together. 

3. The method of preparing a blank for a coni 
cally shaped acoustical diaphragm comprising 
the steps of Spraying dry fibers from Separate 
Sources onto a conical form in greater quantities 
adjacent to the apex of the form than at points 
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"spaced from the apex to provide a felted layer 
having a wall thickness tapered from the apex 
of greatest wall thickness to the base of least Wall 
thickness, and spraying dry finely divided ther 
moplastic resinous binder in a predetermined 
pattern on the fibers to provide resinous binder 
at Spaced-apart points on the Surfaces of the 
fibers in varying concentrations where they are 
able to secure the fibers together to form a prod 
uct with varying characteristics. 

JOSEPH. B. BRENNAN. 
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