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This invention relates to methods of forming 
thin articles of non-planar contour and more 
particularly to methods of forming acoustic dia 
phragms having one or more dished or arched 
portions. 1 ‘ . 

Acoustic diaphragms, such as are employed for 
example in telephone receivers, transmitters 
and loud-speakers, frequently are formed from 
sheets or blanks of a very thin material, for 
example metal, in order that they may have a 
very small mass, and are provided with one or 
more dished or arched portions to increase the 
rigidity thereof so that the diaphragm or a 
particular area thereof may vibrate bodily 
analogous to a piston. In forming such dia 
phragms, severe limitations are placed upon the 
degree of deformation which may be obtained 
due to the fact that sheets or blanks of dia 
phragm material almost invariably contain 
minute holes and spots or portions of less tensile 
strength than the ‘major part of the sheet or 
blank. When the material is ‘stressed during the 
forming operations, the weaker portions of the 
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sheet or blank yield disproportionately, with the ' 
result that they may give way and pores or rup 
tures appear in the diaphragm. Even if these 
portions do not give way entirely, the diaphragm‘ 
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produced is ‘not of, uniform thickness, strength i 
and elasticity throughout the local vibrations or 
other than the desired bodily movement thereof 
during use results. These effects maybe circum 
vented to some extent by repeated annealing of' 
the material during the forming process. ,Such 
treatment, however, greatly complicates the 
manufacture of diaphragms and increases the 

' manufacturing cost thereof. . . 

Oneobject of this invention is to expedite the ‘ 
forming of thin articles of non-planar form.‘ 
Another object of‘this invention is to assure 

substantially uniform stressing of all elements of 
the material of an acoustic diaphragm during 
the forming thereof. ‘ ‘ 

A further object of this invention is to prevent 
excessive yielding or rupturing of the diaphragm 
material during the forming of a dished acoustic 
diaphragm. ‘ 

In one method illustrative of this invention, a 
blank or sheet of the material from which the 
article, for example diaphragm, is formed is se 
curely clamped at its periphery or other portion 
thereof in a mold having a surface opposite the 
blank or sheet of, the contour desired for the 
formed article.’ The sheet or blank is then 
stretched out of its plane, as by the creation of 
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thereof, until it abuts the‘contouredsurface of 
the mold. ‘ g ‘ v ‘ 

In accordancewith one feature of this inven 
tion, during the forming process the blank or 
sheet is sandwiched between two" backing sheets 
of an impervious material of greater strength 
than the material of which the article is formed, 
whereby all elements of the article are stressed 
proportionately. ‘ , 

In accordance with another feature of this 
invention, the composite element including the 
backing sheets and the blank or sheet from which 
the article is to be formed is clamped in a mold 
and equal hydraulic or pneumatic pressures 
greater than, for example 5 to 10 times as great 
as, that necessaryfor the forming of the com 
posite element are applied to opposite surfaces 
of the composite element whereby the blank or ‘ 
sheet is frictionally clamped between the back 
ing sheets, the pressure on one surface of the 
composite element is then reduced and the pres 
sure ‘di?erence thus established between the two 
faces of the composite element forms the element 
into the desired shape. ’ ‘ ‘ , 

‘The invention and the foregoing and other 
‘ features thereof will be understood more clearly 
and fully from the following detaileddescription 
with reference to the accompanying drawing in 

, which: 

Fig. 1 is a view mainly in‘ section of apparatus 
employed in forming thin articles in accordance 
with thisinvention; ‘ ‘ > ‘ 

, Fig. 2 is an enlarged fragmentary view‘ in sec 
tion ‘illustrating the construction of the com 
posite element; and “ ‘ " 

Figs. 3, ‘4 and ‘5 are‘outline views illustrating 
various contours‘ of articles which may be formed 
in accordancewith this invention. ' j ‘ 
(Referring now 'to the drawing, the apparatus 

shown in Fig. 1 comprises a ‘foundation member 
or frame In in which there is mounted a‘mold 
having a dished outer member all and an inner‘ 
member I! telescopically ?tted in the outer 
member H, the members II and I! having juxta 
posed, for example annular, clamping surfaces 
l3 and I4 respectively. The outer member H is 
provided with a central‘ recess l5 which com 
municates with a pipe or conduit it; the inner 
member I2 is provided with a recess l'l opposite 
the recess IS, the de?ning surface l8 of the re 
cess ll being of thecontour desired for the 
article to be formed. For example, in the speci?c 
form shown in Fig. 1 the surface i8 is a portion 
,of a spherical surface. Communicating with the 

a pressure difference between opposite .faces 55 recess l7 isan inlet pipe 01‘ conduit l9 and an 
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outlet pipe or conduit 20, the pipes or conduits 
I! and 20 being provided with valves 2| and 22 
respectively. As shown in Fig. 1, the inlet pipes 
or conduits l6 and I! are connected to a common 
header 23 leading to a hydraulic or pneumatic 
pump, not shown, the header 23 being provided 
with a valve 24. 
The two members II and I2 of the mold may 

be securely clamped together by a plurality of 
bolts 25 threaded through the frame or founda 
tion member ID and bearing against the member 
l2. In order to prevent leakage between the 
members II and I2 a sealing gasket26 is pro 
vided adjacent the outer edges of the surfaces 
l3 and I4. ‘ ~ ‘ 

In the forming of the article, a blank or sheet 
21 of the article material is sandwiched between 
impervious backing sheets 28 and 29, as shown 

‘ more clearlyin Fig. 2, and the composite element 
thus formed is- securely clamped between the 
clamping surfaces l3 and H. The backing 
sheets 28 and 29 preferably are of considerably 
greater strength than the sheet or blank. For 
example‘, if- the blank or sheet 21 is of duralumin 
0.0005 inch thick, the backing sheets 28 and 29 
may be nickel-silver sheets 0.002 inch thick or 
copper sheets 0.003 inch thick. Other impervi 
ous and pliable backing sheets, for example of 
lead, may be employed. 
When 'the composite element is clamped be 

tween the surfaces l3 and II, equal hydraulic or 
pneumatic pressures are established in the cham 
bers l5 and I1 by means of the pump connected 
to the header 23, the valves 2| and-24 being open 
and the valve 22 being closed. These pressures 
are greater than that required to form the com 
posite element into the desired shape so that the 
sheet‘ or blank 21 is securely clamped frictional]? 
along its entire surfaces to both the sheets 28 
and 23. The valve 2| is then closed and the 
valve'22 is opened slightly whereby a pressure 
difference between opposite surfaces of the com 
posite element is created sufficient to stress and 
form the composite element so that it bears 
against the surface l8 as indicated by the dotted 
lines in Fig.1. The valve 23 is then closed, the 
mold opened, and the sheet 21, now of the de 
sired form, is removed from between the back 
1118 members 28 and 29. 
During the forming operation, it will be'noted 

that every elementary area of the central portion 
of the blank or sheet 21 is in effect clamped to 
the corresponding areas of the backing sheets 28 
and 28 by a force proportional to the product of 
the coeil‘lcient of: friction between the blank 21 
and sheets 28 and 29 and the pressure applied 
to the composite element. Hence, the weak spots 
in the blank 21 are constrained against excessive 
stressing ‘thereof and substantially uniform 
stretching of the blank 21 obtains. The sheet 
28, which is noted heretofore is impervious, ef 
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fectively seals any minute pores or pinholes 
which may be in the blank 21 or appear therein 
during the forming process so that‘ the blank 
21 is maintained in intimate contact with the 
backing sheet 28 throughout the forming process. 
The high pressures in the chambers l5 and H, 
of course, further assure intimate and high fric 
tional engagement between the blank or sheet 21 
and both of the backing sheets 28 and 29. 
A diaphragm formed in a mold of the con 

struction shown in Fig. 1 is illustrated in Fig. 3 
and comprises a ?at peripheral portion 30 and 
a central, relatively rigid, dished portion 3|. 

‘ Other illustrative forms are shown in Figs. 4 
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and 5, the particular form being determined, of 
course, by the contour of the surface I. of the 
mold. - 

Although specific embodiments of this inven 
tion have been shown and described, it will be 
understood, of course, that various modi?cations 
may be made therein without departing from the 
scope and spirit of this invention as defined in 
the appended claims. 
What is claimed is: 
1. The method of forming a non-planar article 

from a blank of material which comprises 
mounting the blank of material between and in 
direct, intimate face-to-face engagement with a 
pair of impervious pliant members, ?xedly 
mounting the composite element thus formed 
with one surface in opposition to a rigid surface 
of the contour desired for the article, applying 
equal uniformly distributed pressures greater 
than that necessary to distort said element to 
opposite surfaces of said element, and relatively 
decreasing the pressure upon said one surface, 
while maintaining said uniformly distributed 
pressures at magnitudes greater than that neces 
sary to distort said element, sufficiently to allow 
deformation of said element until limited by said 
rigid surface. 

2. The method of forming a thin metallic dia 
phragm having a dished central portion, which 
comprises mounting a blank of the diaphragm 

' material between a pair of impervious sheets of 
greater strength thansaid blank, clamping the 
composite element thus formed at an area sur 
rounding the central part thereof, applying equal 
uniformly distributed pressures several times as 
great as that required to distort said element to 
opposite faces of said element, creating a differ 
ence between the pressures on said faces, while 
maintaining the pressure on each of said faces 
several times as great as that required to distort 
said element, whereby the central portion of said 
element is deformed, and limiting the deforma 
tion to produce the form desired for the dished 
central portion of the diaphragm. ' 
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