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7 Claims.

The present invention relates to the manufac-
ture of diaphragms and more particularly to a
means for forming or molding diaphragms for
use as machine or control elements.

The present application more particularly is a .

division of Addison C. Hoof application, Serial
No. 185,748, filed January 19, 1938, now Patent
No. 2,208,583, the claims of which are directed
more specifically to.the process of diaphragm for-
madtion.

The present invention claims. specxﬁcally the
mechanism and device in which the diaphragm
formation ocecurs.

The present invention contemplates the manu-
facture of flexible diaphragm machine elements
from an impervious, yieldable and flexible sheet
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or web. More specifically, the present invention .

is concerned with the molding of such a sheet to
a predetermined, suitable form having a central
portion laterally displaced out of the plane of
the sheet and thus adapted to flex or yield later-
ally in response to a variation in fluid pressure on
the opposite lateral faces of the diaphragm.

It is an object of the present invention to pro-
vide means for permanently molding and forming
a diaphragm, as above, which coincidentally
forms and shapes the peripheral margin thereof
for engagement by suitable supporting and re-
taining means. Diaphragm elements of . the
present character must normally be supported
under hermetic conditions so as to be repsonsive
to the foregoing pressure differentials. and to
provide a permanent support. The present in-
vention, therefore, contemplates the formation of
a diaphragm preferably with a circular, flat mar-
gin terminating in an axial or lateral flange ar-
ranged in a cylindrical plane,

It is accordingly an object of the present in-
vention to provide a molding machine which per-
manently molds the foregoing peripheral config~
uration coincidentally with the molding of the
central portion of the diaphragm.

It is a yet more specific object of the present
invention to provide a mechanism as above
wherein one of the molding dies is yieldably, slid-
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ably supported for movement away from the -

complementary die s¢ that at molding pressures
the yieldable die member moves axially into the
slide-away to shape and mold the peripheral
margin of the blank in said axial direction.
The present invention - further contemplates
diaphragm manufacture, as above, from gz suit-
able web or sheet formed of a suitable, conven-
tional, yieldable plastic reinforced with or im-

pregnated upon a reinforcing weave or fabric. #

50

Considerable difficulty has been -hitherto experi-
enced in permanently reforming and shaping
such material. Thus it will- be dpparent that
an extensive lateral de-formation of the sheet
entails at some points distension or extending
the material of the sheet in a plane thereof, and
at-other points a compacting or compression, ne-
cessitating in effect a re-arrangement of the
fibers.. It has been discovered that re-arrange-
ment is not practically permissible in the pro-
duction of a diaphragm for either a precision or

. & serviceable mechanism where the fibers.are un-

duly = stressed, strained or = irregularly . re-
arranged..

It is accordingly an object of the present in-
vention to provide a mechanism as above where-
in. the web is held during molding by means lim~
iting the stress within the web to a predeter-
mined moderate value whereby the threads -of
the web are only moderately longitudinally
stressed while being permitted to re-arrange
themselves in bias directions under the-said ten-
sion to facilitate uniform molding..

Among other objects of the present 1nven-
tion are to provide a mold, as above, adapted to
complete curing of the molded articles, and fo
provide a mechanism which reserves the- initial
shaping of the marginal flange configuration un-
til the molding of the central diaphragm portion
is completed.

Yet other and further objects and advantages
of the present invention will be apparent from
the following detailed description.when -consid-
ered in connection with the accompanying draw-
ings, wherein

Fig. 1 is an elevational view of a machlne em-
bodying the principles of the ‘present invention,
portions of the handle being broken away 'a,nd
shown in section. :

Fig. 2 is a planned view of the device shown

-in Fig. 1.

Fig. 3 - is a sectlonal view taken centrally
through the device of Fig. 2 on the line 3—3
thereof.

Fig. 4 is a sectional view taken horizontally
on the line 4—4 of Fig. 3.

Fig. 5 is -a sectional view taken horizontally
through the machine of Fig. 3 on the line 5—5
thereof.

Fig. 6 is a plan view of a sheet or blank of
moldable material prior o molding.
~ Fig. 7 is a side elevational view thereof.

Pig. 8 is a sectional view taken centrally
through the diaphragm formed from the blank
of Figs. 6 and 7 subsequent to molding thereof.
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Figs. 9, 10 and 11 are detailed sectional views
taken centrally through one of the molding sec-
tions or units on the line 9—9 of Fig. 5 and
showing respectively the relative positioning of
the parts during the process of molding.

There is shown in PFigs. 1 to 5 a device con-
structed in accordance with the present inven-
tion and disclosed in detail herein for illustrative
purposes.

The device more particularly comprises a rec-
tangular base 14 and a rectangular upper platen
{6 movable vertically with respect to the base
upon a plurality of guide members or tension
rods 18. The upper platen 18 has corner emhoss-
ments 19 slidably receiving the guide bars 18.
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Compression. springs 20 embracing the guide bars -

18 are disposed between the lower surface of the
platen 16 and the upper surface of the base 14
and operative normally to urge the platen 16
upwardly.

A hand wheel 26 and screw 28 combination,
threadedly engaged with a plate or frame mem-
ber 30, are adapted for forcibly urging the platen
18 toward the base 4. To this end it will be
noted that the member 30 comprises a fixed por-
tion of the frame of the machine permanently
mounted at the upper extremities of the guide
bars or uprights (8 through the agency of lock
nuts 32. The threaded or pressure bar 28 rota-
tionally engages the platen 16 through a reduced
lower extremity 34 journaled in a central bore 36
within the platen and retained by lock nuts 38
engaging the shank as at 40. An anti-friction
washer 42 completes the journal assembly. The
hand wheel 26 threadedly mounted upon the
pressure bar 28, as shown, is retained by lock
nuts 46 and preferably keyed to the threaded bar
28.

It will be obvious from the foregoing that ro-
tation of the hand wheel 26 and accordingly the
threaded bar 28 results in the foregoing assem-
bly and also the upper platen (6 being carried
upwardly or downwardly with respect to the lower
platen.

In accordance with the present invention,
molding is carried out through the agency of
oppositely disposed complementary female and
male die assemblies 48 and 59 respectively. The
opposed dies are disposed regularly ahout the
surface of the opposed platen members, as in-
dicated in Figs. 3, 4 and 5 and the construction
and arrangement of the individual die members
is illustrated in detail in Figs. 3 and 9 to 11. Re-
ferring to these last-named figures, it will be
seen that each female die assembly comprises
a cylindrical member 52 having a depressed or
recessed upper surface 54 bounded by a flat, mar-
ginal surface 5% annularly disposed, a centering
pin 56 projecting vertically from the central por-
tion of the recess 54.

Attention is particularly directed to the fact
that the lower die member 52 is vertically, slid-
ably mounted in a complementary, cylindrical
recess in the base platen {4, being normally urged

upwardly to the position shown in Fig. 3 by a “65

comparatively strong compression spring 58 op-
‘erating oppositely against each of the lower die
members 52 and against a lower plate 64 rigidly
secured on the lower surface of the base (4 by
means not shown. The die member is positively
and adjustably limited in its uppermost position
by means of a pair of lock nuts €0 exteriorly of
the bottom plate 64 and adjustably engaged upon
the lower end of a stud 62 permanentiy mounted
in the lower die member 52 and passing through
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an aperture in the said plate 64. In the em-
bodiment shown, the lowermost position of the
vertically yieldable die member 52 is determined
by contact with the lower end 66 of this member
with the plate 64.

It should be noted that the die 52 has a gen-
erally cylindrical side surface slightly enlarged
at its upper portion. Accordingly the comple-
mentary guide-way in which the member 52 is
located for vertical reciprocation comprises an
upper, relatively enlarged bore or counter-bore 68
and a lower bored or drilled portion T0.

_The upper die assembly 58 includes a project-
ing member 12 having a lower extremity sub-
stantially complementary to the lower die and a
reduced shank portion 14. Each of the upper die
blocks is rigidly though adjustably mounted on
the movable platen 16 through the agency of
screw threaded studs 16 (see Fig. 3) engageable
with complementary recesses 18 within the platen
16 and locked by jamb nuts 80. To assure rigid-
ity each cylindrical shank T4 is received within
a complementary, cylindrical bore or guide-way
82, .

In cooperative association with each of the die
members 50 is arranged a yieldable collar 86 re-
ceived by a rectangular plate 88 mounted in
spaced relationship below the under-surface of
the upper movable plate 16 by means not shown.
The plate 88 may be either rigidly or yieldably
disposed in the position shown, although it is
preferred that the plate mounting means provide
a rigid, adjustable support, for reasons which will
hereinafter appear more in detail.

For embracing and supporting a plurality of
collar members the plate 88 is provided with a
plurality of openings in which the several collars
85 are axially shiftable. It will be seen from the
drawings that each collar is formed with a lower,
annular pressure surface 92 oppositely aligned
with the upper surface 55 of the plunger 52
arranged in a path of slightly lesser diameter for
a purpose which will hereinafter be fully appar-
ent. In other words, the lower, cylindrical por-
tions of each collar 86 has an outer surface
which fits within the cylindrical bore or recess
68 with some predetermined clearance, as com-
pared with the association therewith of the lower
die which resides within the same recess for pos-
itively retained, slidable reciprocation.

Compression springs 94 normally urge each
collar ‘downwardly to a lower position limited
by abutment with the radially projecting, an-
nular flange 95 at the upper extremity of each
collar, 'The upper die is recessed as at 96 for
accommodating the centering pin 66.

The present invention contemplates the curing
of the molded elements and, to this end, a plu-
rality of elongated heating elements H are dis-
mosed within the opposed platens of the die
members. Thus, horizontal bores 93 and 93’ in
the platen (6 and base {4 respectively are
provided to receive the heating elements. Suit-
able thermostatic controls T are disposed ad-
Jacent the platen members for regulating the
temperature of the dies to any desired value.

In:the preferred method of the present inven-
tion the so-called fabric comprises a thermo
setting resinous plastic' sheet reinforced by an
impregnated fabric comprising warp and weft
threads. While the object of the disclosed, il-
lustrated process is to manufacture a substan-
tially circular diaphragm, it should be noted
that the blank 18 is cut so that the transverse
dimension at the. points where the warp and
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weft threads run substantially radially of the
piece, is relatively greater. In other words; at
points where the. threads approximate a: radial
direction additional material is provided as com-

pared with intermediate peripheral portions
wherein the threads are located at an angle to
the radial direction.

It is important to point out that. this . con-
figsuration results from the discovery, in accord-
ance with the present invention; that the present
sheet material cannot and should not be stretched
in a direction where the threads or fibers run

10

radially, whereas at intermediate portions where

the threads of the warp and weft make an ap-
preciable angle with the radii, stretching and
compressing or compacting of the fibers in the
plane of the web is readily accomplished. - This
is of extreme importance in connection with the
present invention wherein the diaphragms are
to be employed for control purposes in connec~
tion with delicate pressure responsive devices
where the threads must accordingly be free
from appreciable longitudinal stressing.

At the same time it is of great importance fo
note that when material is molded in a circular
female die without stressing of the threads, that
peripheral material must obviously and neces-
sarily be drawn into the die.” In other words,
the flat material normally superposed above the
die is clearly insufficient to:conform to the addi~-
tional length of the curved surface of the die
recess. Peripheral influx of material, however,
while supplying the necessary radial demand,
necessarily adds an excess material in an annular
direction and thus would result in crumpling or
other defects completely fatal in the manufac-
ture of a control diaphragm of the present kind.
In accordance with the present invention, how-
ever, as will appear hereinafter more in detail,
the material is fed radially from the periphery
at points where the threads run substantially
radially while being relatively positively held at
annular peripheral points where the threads
make a substantial angle to the radii. As a
result, stretching and compressing take place
at intermediate portions where the threads make
an angle with the radii in  order to compensate
for the material supplied at other peripheral
points.

It is' thought that it will be understood by
anyone skilled in the art, after considering the
foregoing, that the spring 94 is adapted to exert
a resilient tension of predetermined value sub-
stantially less than the spring $8. That is to
say, the spring 94 applies to the periphery of
the blank a predetermined, carefully controlled
tension such as to result in stressing or re-
arrangement of the fabric threads in a hbiased
direction while permitting ingress or peripheral
supply of material at points where the threads
extend radially. In other words, excess longi-
tudinal stressing of the individual threads is ef-
fectively prevented. -

It is thought that it will be understood from
the foregoing that the operation of the present
device is as follows: A piece 10 of moldable
sheet is placed in the position shown over the
lower die assembly 48, with the pin member 16
piercing the same and extending through the
complementary opening 6. The platen (6 and
the -male die assembly is lowered so that the Hrst
contact between the dies will be between the
lower surface 92 of the collar 86 and the upper
surface 53 of the plunger: 52. This will cause
a gripping of the ‘piece 10 around a peripheral
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area 10c indicated by dotted lines.in Fig. 6.
As the: platen is -advanced and the male die
portion 12 stretches the material to the shape
shown in Fig, 10, the piece 10 will still be held
in the area 10c due to the pressure of the com-
pression spring ‘94, except adjacent extremities
of the warp and filler threads wherein there
is no appreciable stretching and the excess
material must be necessarily supplied externally.
Thus only the body of material within this cir-
cular area will be stretched to the cup shape of
the dies. - Purther ‘downward movement of the
platen 16 will cause the plunger 52 to. be de-
pressed against the action of the spring 58 to
the position shown in Fig. 11, where the upright
ledge 12¢ of the diaphragm is formed. In this
position, with the dies heated to a temperature
of between 275 and 300 degrees Fahrenheit, the
diaphragms are maintained for a period of from
five to eight minutes, so that a revulcanization
of the plastic may take place. After the elapse
of the above specified time, the hand wheel 26
may be rotated to withdraw the platen 16 and
the male die members, after which the formed
diaphragms may be withdrawn. :

Any suitable moldable plastic material may be
employed whether thermoplastic or thermoset-
ting, but there may be employed material such
as rubber or its equivalents. Natural or syn-
thetic commercial yieldable plastics such as.the
so-called “DuPrene” and “NeoPrene” have been
found desirable for the present purpose.

From the above description it will be apparent
that a comparatively simple and inexpensive dia~
phragm forming machine has been provided. It
will be obvious that the exact shape or construc-
tion of the  die assemblies may be varied .or
changed, and that, depending upon the type of
material employed, the length of time of the
amount of heat required in the dies may be
changed.

From the foregoing it will be apparent that the
present process.results in a diaphragm which is
uniform, regular. in character and free from un-
desired. stressing or. straining of the threads lon-
gitudinally of the length. Thus it will be appar-
ent that the foregoing pfocess, as a result of the
approach of .the male and female. portions of
the die, results in the flat sheet being drawn into
a curved shape. During this drawing action any
substantial stressing of the threads is prevented
by virtue of the fact that the stresses longitudi-
nally of the thread only occur in an appreciable
degree where the threads run radially to the cir-
cular blank. At intermediate peripheral por-
tions, however, peripheral supply of material in
any appreciable degree is unnecessary for the
reason that the threads are not longitudinally
stressed and.a normal angular arrangement of
the fabric threads, with respect to the radial
application of the forming stresses, permits the
fabric to re-arrange itself to absorb these stresses.
This would be of only minor significance were it
not for the fact that the influx of certain periph-
eral portions necessarily carries with it a quan-
tity of material of increased annular extent which
is accommodated within the die without crum-
pling or even corresponding microscopic irregu-
larity. The present invention solves this prob-
lem by accommodating this excess material at
the intermediate portions wherein. stretching
would =~ ordinarily otherwise occur. In other
words, it might be said that the present invention
reconciles the necessity for a peripheral supply
of material with a coincidental supply of an ex-
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cess of material in an annular direction in such a
manner that an un-stressed, uniform product
results.. It has been found in accordance with the
present. invention that the final molded dia-
phragms have a dense, uniform, non-stressed
structure wherein the threads, particularly in the
outer portion of the concave part, are actually
held in closer association than that in which they
exist in the original fabric.

I do not wish to limit myself to the exact de-
tails shown, nor to the specific steps of the
method explained; rather what I desire to secure
and protect by Letters Patent of the United
States is:

The invention is hereby claimed as follows:

1. A diaphragm forming machine comprising a
female die assembly including a member having a
longitudinally extending guideway, a movable
female die, yieldable means for urging said fe-
male die in one direction longitudinally thereof,
said female die including a central recess and a
rim portion, a male die assembly movable to and
from said female die assembly and including a
male die disposed in alignment with the recess,
collar means embracing the male die and dis-
posed in alignment with said rim, the outer face
of said collar having a portion spaced inwardly
from the walls of said guideway when said male
die assembly is in operative position whereby to
provide a molding space between the collar and
the walls of the guideway when the collar is re-
ceived therein, and yieldable means urging the
collar toward the rim of said female die, said
last named yieldable means acting in a direction
opposite to that of said first mentioned yieldable
means and being of substantially less strength
than the first mentioned yieldable means asso-
ciated with said female die.

2. A diaphragm forming machine comprising a
female die assembly including a member having a
longitudinally extending guideway, a movable fe-
male die, yieldable means for urging said female
die in one direction longitudinally thereof, said
female die including a central recess and a rim
portion, said rim portion being normally disposed
outwardly beyond one longitudinal extremity of
said guideway, a male die assembly movable to
and from said female die assembly and including
a male die disposed in alignment with the recess,
collar means embracing the male die and dis-
posed in alignment with said rim, the outer face
of said collar having a portion spaced inwardly
from the walls of said guideway when said male
die assembly is in operative position whereby to
provide a molding space between the collar and
the walls of the guideway when the collar is re-
ceived therein, and yieldable means urging the
collar toward the rim of said female die, said
last named yieldable means acting in a direction
opposite to that of said first mentioned yieldable
means and being of substantially less strength
than the first mentioned yieldable means asso-
ciated with said female die.

3. A diaphragm forming machine comprising
a female die assembly including a member having
a longitudinally extending, generally cylindrical
guideway, a generally cylindrical, movable female
die complementarily received in the guideway,
vieldable means for urging said female die in one
direction longitudinally thereof, said female die
including a central recess and a rim portion, a
male die assembly movable to and from said
female die assembly and including a male die
disposed in alignment with the recess, collar
means embracing the male die and disposed in
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glignment with said rim, the outer face of said
collar having a portion spaced radially inwardly
from the walls of said guideway when said male
die assembly is in operative position whereby to
provide a molding space between the collar and
the walls of the guideway when the collar is re-
ceived therein, and yieldable means urging the
collar toward the rim of said female die, said
last named yieldable means acting in a direction
opposite to that of said first mentioned yieldable
means and being of substantially less strength
than the first mentioned yieldable means asso-
ciated with said female die.

- 4. A diaphragm forming machine comprising
a female die assembly including a member hav-
ing a longitudinally extending, generally cylin-
drical guideway, a generally cylindrical, movable
female die complementarily received in the guide-
way, yieldable means for urging said female die
in one direction longitudinally thereof, said fe-
male die including a central recess and a rim
portion, a male die assembly movable to and
from said female die assembly and including a
male die disposed in aliznment with the recess,
collar means embracing the male die and dis-
posed in alignment with said rim, the outer face
of said collar having an annular wall portion
spaced radially inwardly from the walls of said
guideway when said male die assembly is in
operative position whereby fo provide a molding
space between the collar and the walls of the
guideway when the collar is received therein,
and yieldable means urging the collar toward
the rim of said female die, said last named yield-
able means acting in a direction opposite to that
of said first mentioned yieldable means and being
of substantially less strength than the first men-
tioned yieldable means associated with said fe-
male die. i

5. A diaphragm forming machine comprising
a female die assembly including a member hav-
ing a longitudinally extending, generally cylin-
drical guideway, a generally cylindrical, movable
female die complementarily received in the guide-
way, yieldable means for urging said female die
in one direction longitudinally thereof, said fe-
male die including a central recess and a rim
portion, a male die assembly movable to and
from said female die assembly and including a
male die disposed in alignment with the recess,
collar means embracing the male die and dis-
posed in alignment with said rim, the outer face
of said collar having a portion spaced radially
inwardly from the walls of said guideway when
said male die assembly is in operative position
whereby to provide a molding space between the
collar and the walls of the guideway when the
collar is received therein, and yieldable means
urging the collar toward the rim of said fe-
male die.

6. A diaphragm forming machine comprising
a female die assembly including a member hav-
ing a longitudinally extending, generally cylin-
drical guideway, a generally cylindrical, movable
female die complementarily received in the guide-
way, yieldable means for urging said female die
in one direction longitudinally thereof, said fe-
male die including a central recess and a rim
portion, a male die assembly movable to and
from said female die assembly and including a
male die disposed in alignment with the recess,
collar means embracing the male die and dis-
posed in alignment with said rim, the outer face
of said collar having a portion spaced radially
inwardly from the walls of said guideway when
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said male die assembly is in operative position
whereby to provide a molding space between the
collar and the walls of the guideway when the
collar is received therein, and yieldable means
urging the collar toward the rim of said female
die, said last named yieldable means acting in a
direction opposite to that of said first mentioned
yicldable means.

7. A diaphragm forming machine including a
die member having an outer working surface
adapted to receive a blank and a longitudinally
extending guideway formed in said member and
extending normally to said surface, a movable

10

female die, yieldable means for urging said fe-

male die in a direction longitudinally of the
guideway toward said surface, said female die
including a central recess and a rim portion,
means limiting the movement of said female
die in said direction when the rim portion re-

15

sides in the vicinity of said workng surface, a
male die assembly movable to and from said
female die assembly and including a male die
disposed in alisnment with the recess, collar
means embracing the male die and disposed in
alignment with said rim, the outer face of said
collar having a portion spaced inwardly from
the walls of said guideway when said male die
assembly is in operative position whereby to
provide a molding space between the collar and
the walls of the guideway when the collar is
received therein, and yieldable means urging the
collar toward the rim of said female die, said
last named yieldable means acting in a direc-
tion opposite to that of said first mentioned
yieldable means and being of substantially less
strength than the first mentioned yieldable
means associated with said female die.
ADDISON C. HOOF.




