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Thxs invention relates to a transducer dlaphragm and a

a low weight to strength ratlo and is acoustlcally sub-
stantially “inert. . -.

Most transducer dxaphragme, snch as loudspeaker- cones
and particularly those of larger sizes, are made of paper
and are produced by a felting process. . In many:of these
of large size, the weight to strength ratio is relatively high

" so.that the diaphragms.have poor’transient response.  In

order to have good transient response, the diaphragm

method of making the same: in :whichthe diaphragm: has -
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started abruptly by energization of the voice coil and must

stop abruptly when this energization stops. ~’In addition;
in order to have good transient response; the diaphragm
must transmit its force to the air sharply.; “These: qualities
mean: that a diaphragm of good transient response must
have' low inertial charasteristics.. In-addition, an 1dea.l
dlapln-agm must: be acoustically .inert.
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thhmostﬁbrousmatenalswill also. cause anexpnndm;
and loosenitig of the fibers and a setting of the binder.

The dried sheet material with the binder is then coated-
with a liquid thermosetting resin and the resin is partially
cured to an adherent yet flexible state. The sheet mate-
rial is then removed from the mold, trimmed at the edges
and. center to the shape ‘and -dimensions of the final.
diaphragm; replaced on the mold surface and the' cure is
completed to produce a strong, self-sustammg low densxty
diaphragm. .

" The following examplee are illustrative only of methods
and dlaphragms embodymg the mvention .

Example 1

In th1s example, a eonvenuonal mold for a loudspeaker '
dlaphragm wag provided for a .10 inch cone. -'A disc.of

o cotton mushnhavmgathreadcwntof about 40 x 40 and
such ‘as: a loudspeaker cone must be capable of being -

about 'S ‘mils- thick was_cut in circular shape ‘with a
diameter about two inches larger than the diameter of the -
cone. - A 5% solution of polyacrylamide was prepared.
with the polyacrylamxde bemg of such grade to produce

- a’viscosity of ‘about 5 poises in the 5% water solution.

The mold was heatéd in an oven to about 115° ‘C. and a

- mold release wax applxed to the mold with the wax being
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The transducer diaphgrams of this invention- have the

above desired characteristics.
-~ One.of the features of this invention is to provide .a
transducer “diaphragm ‘comprising a  lightweight uncom-

pressed fibrous sheet and a self-sustaining cured resin:
coating on thesheet, the sheet being expanded and sub-.
stantlally uneompressed whereby the combined sheet and-

resin. has :an apparent . density less . than . its. absolute
densxty

Another feature of the mventxon is to provrde an un-v
proved method of making a transducer diaphragm com-

prising providing a mold having a surface of the desired
diaphragm shape and contour, applying to the surface a

“ thin- fibrous sheet material, applymg to -this - material a

liquid.. thermosettmg resin and curing the resin while the
material and resin are relatively free and, unconfined.

made up of equal parts of paraffin wax ‘and carnauba
wax: to: which enough Stoddard Solvent had been mixed
to produce’a soft paste.: ‘After the mold had been coated
with ‘this release wax, the cotton muslin was dipped in

- water; most of the water squeezed out until the muslin
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was ‘just-damp and the muslin .then. stretched smoothly.
over the mold surface. Immediately the above polyacryi-

- amide solution:was brushed on-the cloth with sufficient

. pressure being applied to press the cloth down in contact

85

40

‘Other features and advantages of the invention will be . :

apparent from the following descnptlon of certaxn em--

bodiments thereof. :

In producing the dlaphragms of. thls mvenuon, a mold}‘
of the desired shape and .contour is used, - The uncured

draphragm is arranged on the surface of this mold and. -

cured in’ a Telatively, free and .unconfined state. under-
substantially no pressure so that the resulting diaphragm.
will have a low.apparent speclﬁc gravity ‘when compmd’
to its absolute ‘gravity. - As is well known, a material in.
an expanded open state will have a speclﬁc gravity, called .
the apparent. specific gravity, that is'much less than its,
absolute or true specific_gravity or. density. Thus, for.
example, pure cellulose has an absolute or true density,
of 1.583.  Yet, certain forms of cellulose such as certain,

types. of wood may have a density as low. as 0.32.

diaphragm. ~ In’ the general process, a sheet ‘of: ﬁbrous

material somewhat larger than the finished diaphragm is
placed ‘on the mold surface and is coated with a binder’
to hold the sheet material in:shape for. subsequent treat-
ment. In the preferred process, this binder is in the form:
of a water solution. - After the sheet material is coated:

with the solution, it is heated to drive off the water which'
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with:the: mold and .to coat the cloth thoroughly. - The
heated mold caused. the _water to.steam: thereby: driving
off the water and causmg the cotton fibers to swell. The: -
mold was then placed in:the oven to. drive off the last,
traces of the water. .

When the ‘mold ‘and muslm was dry, the mold’ waa

‘removed, from the oven and.a lxqmd resin’ mixture of 12

grams. of epoxy resin (epoxlde eqmvalent 175—210) and_
3 grams of tnethylene tetramine was: brushed on'the dry
muslin’ in the mold. 'The mold and ‘the ‘thusly coated
muslin were then returned to the oven and: permitted to
remain there until the resin ‘had. reached an intermediate -
gel stage in’its curing’ ‘but before the resin had hardened -
to its final cured state. " The still: pliable coated muslm
was then removed from the mold and trimmed around
the edge and in the center for the voice coil.. The
trimmed cone was thén replaced in’ the mold, reshaped’
into intimate ‘contact with the mold surface and returned.

* to the oven for complenon of the ‘cure which took only

about four, or five minutes. . At the end of the' curing.

_time, the mold -and ‘cone’ were temoved from the aven_

and the cone removed from the mold.”
“During" thxs ‘procedure, the muslin sheet ‘and the ap-

In this invention, any type of mold may be used as 7 plied g materials were left free and unco;

desired.  This mold must have a surface, preferably a.
convex surface when a .cone is being molded,. that has
generally “the. shape and contours of  _the :-finished.

of ‘any molding’ pressure, Thus ‘the resulnng cone wa&
extremely strong, yet -had good’ sound charactensﬂcs
s Example 2. oo oo

: In this example, substantlally the same proeedure was
followed as given above Here, the cogton cloth had a
36x46ontmtandtheyamhadanommal" f 'terof}

4 to "5 mils.” “The cone here was ‘also for

wspeakerandhadamaxrmumdepthatthewnterof

2% mches, an outsxde diameter 'of 8% inches and the’
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finished' cone had a cénter voice coil opening of 1 inch

diameter. THE resin used had the following ingredients:
Epoxy resin—epoxide equivalent 175-210. " 140,
Epoxy resin—epoxide equivalent 225-290_ 60 parts/wt

Titaniom dioxide.
Precipitate calcium carbonate 3—4  mi-

crons 217.
Of--the . above. ——— imcmmcemn 12
Tnethyiene tetramine. : 3.

In this example, the cloth was wet as set out above
aiid uniformly formed in the hot mold with polyacryl-
amide as deseribed above in Example 1. The mold and
shaped cloth twas held in the oven at 135° C. for 51
minntes, and removed fromi ‘the oven and the resin ap-
pliéd to the coth, returned to the oven and the resin pre-
cured for five minites. At the end of this time, the par-
tially cured cone js removed from the mold, punched
and trimmed as described #bove and agdin cured for
three minutes in the oven as set out above before the
finished cone was removéd from the oven. - The entire
procedure took about 17 minutes. The resulting cone
weighed 1312 grams, had an average thickmess of 15
mils and a specific gravity of 1.15 to 1.18.

This compares with convertional materials ¢ured under
heat and pressure which have specific gravities of from
1.45 to 1.5. The new cone had excellent stréngth and
when installed in a loudspeaker was found to have ex-
cellent transient responses. The frequency response on
sweep frequency was free of peaks and valleys.

Example 3

In this example, the cone was prepared by the method
set out in Example 2, but here a polyester resin was used
instead of the epoxy resin. . The polyester resin was a
copolymer of an alkyd resin and styrene. The polyester
resit was a liqiid with a styrene content of about 35%

by ‘weight. The resin mixture used had a viscosity of
about 1 poise and the following constituents:

’ : . . Grams
Polyester resin ; . 20
€Calcium -carbonate . 3
Titanium dioxide. : R 0.3
Peroxide 'catalyst . ez 0.3

The - same -procedure  in makmg the diaphragm was
followed here as was followed in Example 2. The initial
curing time was 8 minutes in the oven at 115° C. and
the final curing was for 8 minutes. The cone weighed
1414 grams and had a mean thickness 6f 14 to 15 mils.

Example 4

In this example a series of cones were made by the
method of Example 2, using the following binder solu-
tions:

MeéthylceHlose . mmw e e 5% sol. jn water of 15 cps.
methylcellulose

Methylcellulose- ... 10% sol. in water of 15 cps.
' methylcellulose.

Hydroxyethylcellulose...._.. 5%—300 cps. H.E. cellulose,
Sodium carboxy methyl-

cellulose_———-oncooo 2% sol. in water—30-80 cps.
Polyacrylamide.._~.———_. 1% water sol.
Polyacrylamide .~~~ 2% water sol,
Polyacrylamide . woee- - 3% water sol.
Polyacrylamide. oo _. 4% water sol.
Polyacrylamide_.._._.._... 5% water sol.
Example 5

In tlns example a series. of .cones ‘were prepared by
the method of Example 2, using in place of the triethyl-
ene tetramine, ethylene diamine, diethylene:triamine, and
tetraethylene pentamine.

S 7 8,008,101

5

10

. mg temper atufes.

15

20

25

" various. combinations of these.
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Example 6

In this example, a cone was prepared by the same
method as given in the above Example 2, except that glass
cloth was used in place of the cotton. This glass cloth
had a weight of 17 grams per square foot, a thickness
of about 5 mils, and a 30 x 34 thread count. 'The result-
ing cone weighed 1315 grams and had a thickness of
11-12 mils.

Example 7

In this example, the conie was prepared by the method
set ‘'out in Example 2, using the same materials and cur-
The miold was such that the resulting

cone had a maximum depth at the apex of 24 inches
and a diameter of 10% inches. The cone had a central
opening for a 1%4 inch voice coil and weighed 19 grams
and had a thicknéss of 1315 mils. When the cone was
fitted as a part-of a loudspeaker, the frequency. response
was found to be very smooth, extending down to ap-
proximatély 30 cycles per second ‘and had a barély. audi-
ble harmonic response. The high frequency response
extended to 15,000 cycles and transient response was
very good.

In. general, the diaphragm of this invention is made
of fibrous sheet material preferably produced from
fabrics such as cotton, wool, glass cloth or the various
synthetic fabrics such.as nylon, Orlon and Dacron and
The resins that may be
used are any thermosetiing resin that can be applied in
a liquid state and that can be cured to a strong solid.
These inclnde epoxy resins, phenol or urea aldehyde
resins and the various popol’ymer resins of alkyds and
monomers copolymerizable therewith particularly sty-
rene.

The water soluble binder or stifferier which is prefer-
ably initially applied to the fibrous material sheet in-
cludes polyderylamide, the various alkyl celluloses, hy-
droxyalkylcelluloses, and alkali metal salts of carboxy
akyl eelluloses and polyacrylamide. ;

Having described my invention as related to the em-
bodimentsset out herein, it is my intention that the in-
vention be not limited by any of the details of descrip-
tion, unless otherwise specified, but rather be construed
broadly within its spirit and scope as set out in the ac-
companying claims.

T claim: -
1. 'The method of making a transducer diaphragm,

" comprising: providing a mold having a surface of the
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desired diaphragm shape and contour; applying to. said
gurface a thin fibrous sheet material; wetting said sheet
material with water to aid in obtaining intimate contact
of said material with the mold; heating said sheet mia-
terial to above the boiling pomt of water to drive off the
witer and loosen ‘the fibers in the material; applymg
to said material a liquid thermosetting resm, and curing
said resin while said material and resin are free and
uneonfined.

2. The method of making a transducer diaphragm,
comprising: providing a mold. having a surface of the
desired dlaphragm shape and contour; applying to said
surface a'thin fibrous sheet material; wetting said sheet

material with water to aid in obtammg intimate contact’

of said material wth the mold; coating said material with
a water solution of a binder; heating said sheet materiai
to above the boiling point of water to drive off the water
and loosen the fibers in the material; applying to said ma-
terial 4. liquid thermosetting résin; partially curing the
résin 1o a self-sustaining conditioni to form a blank; re-
moving the blank from the mold and cuttmg, it to the
desired dimensions; replacing the blank in the mold; and
curing said resin while said material and resin are free
and unconfined. 7

"3. The method. of claim 2 wherein said binder is a
solution of a-member of the class consisting of polyacryl-
amide, the alkyl celluloses, the hydroxy alkylcelluloses,

h. —
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