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This invention relates to a diaphragm struc-
ture, for example a diaphragm pump structure,
and a diaphragm therefor which is self-sustain-
ing against the alternating forces imposed
thereon.

It is the object of my invention to provide a
diaphragm device of high efficiency, in which 3
high displacement ratio may be obtained, and
in which the diaphragm may be operated through
a stroke of considerable length and is also effec-
tive with high efficiency when operated through
short strokes over any portion in the total stroke
range. It is an object of the invention to provide
a diaphragm structure which avoids diaphragm
buckling and lost motion during operation. It is
an object of the invention to provide a dia-
phragm which has high flexibility for ease of
operation and which is at the same time self-
sustaining against the forces imposed thereon.

In accordance with my invention, I provide a ¢

diaphragm having g working annulus of fiexible
‘material supported between relatively recipro-
cable inner and outer peripheral supports. The
working annulus may have either a single dia-
phragm element or two such elements arranged
oppositely, and each has a configuration which
in section is in the form of g deep and desirably
semi-circular arch springing from the peripheral
supports. The walls of the arch are of varying
thickness so that in section the arch resembles g,
crescent, with the top or apex wall portion of
the arch of substantial thickness and rigidity
and with the adjoining walls becoming relatively
thinner and more fexible toward the base of the

arch, where they are joined by relatively thin .,

and flexible walls to the peripheral supports.
Preferably the relatively thin and flexible walls
extend through reverse curves from the arch and
merge into radial webs which are clamped in the
supporting structure. In g single-acting dia-
phragm device one such diaphragm element may
be used; while in a double acting diaphragm de-
vice two such diaphragm elements are preferably
used, with the arches of their working annuluses
disposed oppositely and outwardly convex.

The accompanying drawing illustrates my °

invention. In such drawing, Fig. 1 is a vertical
axial section through a double acting diaphragm
bump embodying my invention; Fig. 2 is 3 ver-

tical radial section taken on the line 2-—2 of .

Fig. 1 and showing the diaphragm in elevation;
Fig. 3 is a fragmental section on an enlarged
scale showing the diaphragm structure at the
limit of its movement to the leff; and Pig. 4 is a
diagrammatic section showing the preferred
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form of the working annulus of the diaphragm.
The pump shown in Fig. 1 comprises a front
casing 1, a rear casing 2 symmetric with the
iront casing, a bottom intake fitting 3, and a top
discharge fitting 4. 'The casings | and 2 have
continuous annular flanges 5, between which the
outer peripheral rims 6 of the diaphragm ele-
ments are clamped, and the casings form a front
displacement space 8 and g rear displacement
space 9 on opposite sides of the diaphragm. The
diaphragm has a central disk-shaped circular
web 7 which is supported on opposite sides by
suitable circular plates 12 and {3 clamped to-
gether and against a shoulder on the operating
shaft 19 by means of the nut (i screwed onto
the reduced end of the shaft 8. The shaft 1§ is
connected to an operating lever 18 fulcrumed on
8 link 19 carried by the front casing 1. .
The intake and discharge valves are of iden-
tical construction, and comprise a plate (4
clamped against each end of the casing assem-
bly, between it and the respective end fittings 3
and 4. Each valve plate (4 is punched and
flanged upwardly to form a pair of valve open-
ihgs bounded by upstanding rims 5, on opposite
sides of the assembled flanges 5, and the rims {5
are dressed to form planar valve seats. Flap
valves 16 seating on the valve seats of the rims
{5 are loosely pivoted by upstanding ears on
eccentric pivots {7 mounted between lugs se-
cured to the plate 14, and the valves are urged
to closed position by pressure applied adjacent
their centers by the down-turned ends of springs
{1’ coiled about the pivots (1. Conveniently, the
valve openings are of generally oval cross-sec-
tional shape, and the section of Fig. 1 may be
considered as taken on their minor axes,
With the intake fitting 3 connected t0 a source
of liquid, reciprocation of the operating shaft 10
through strokes in opposite directions produces a
double-acting pumping effect. As the shaft {0
moves to the left, it carries the web of the dia-
phragm bodily %o the left and flexes the working
annulus of the diaphragm. This increases the
volume of the rear displacement space 9, to draw
liquid into that space through the (lower right)
valve between the intake fitting 3 and the rear
displacement space 9. Simultaneously, the front
displacement space is reduced in volume, to dis-
charge liquid therein through the (upper left)
valve between that displacement space 8 and the
discharge fitting 4. A corresponding action
occurs upon the opposite stroke of the shaft {0,
to draw liquid into the displacement space 8
through its associated intake valve, and to dis-
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charge liquid from the displacement space 9
through its associated discharge valve.

The diaphragm shown comprises two sym-
metrical diaphragm elements, having working
annuluses 20 and 22. The diaphragm elements
are molded of rubber or rubber-like material
and may contain a layer of reinforcing fabrie or
cord. Each diaphrasm element has a central web
7 joined to the inner periphery of its working
annulus of the diaphragm, and an outer annular
web or rim § joined to the outer peripheral edge
of its working annulus of the diaphragm. -The

10

two diaphragm elements are mounted face to . .

face with their arched working annuluses dis-
posed oppositely and oubtwardly convex. The

webs T of the two elements are clamped together -

between the cireular plates 12 and {3 on the oper-
ating shaft i0, and the two rims 6 are clamped
together between the flanges 5 of the pump
casings.

The ‘working annulus of each diaphragm ele-
ment is in the form of a deep arch supporied at
its base by the peripheral webs 8§ and 7. Prefer-
ably, the arch is a substantially semicircular
arch, pre-formed to a normal shape- like -that
shown in Figs. 1 and 4. The top or apex portion
of the arch wall is relatively thick and of sub-
stantial body and rigidity, and from this rela-
tively thick wall portion at the apex of the arch,

the walls of the arch become progressively thinner

and more flexible toward the base of the arch, so
that the arch section is substantially crescent
shaped. This crescent shape is preferably ob-
tained by forming the inner surface of the arch
on g radius B about a center offset.on the oppo-
site side of the plane of the inner face of the
giaphragm element, and by forming the upper
surface of the.arch on a radius R’, desirably
somewhat jonger than the radius R, about.a center
offset on the near side of the plane of the face
of the diaphragm element. As is seen in Fig. 4,
the outer peripheral end of the arch is joined by
a reversely curving wall portion 24 to the outer
peripheral web or rim §, and the inner peripheral
end of the arch wall is joined by a reversely curv-
ing wall portion 25 to the central web 7; and the
reversely curved wall portion 26, which is sub-
jected to greater flexing during operation, is desir-
ably curved about a radius somewhat greater
than that of the wall portion 24,

By reason of the arched form of the working °

annulus of the diaphragm element, and of the
material distribution therein, with a relatively
thick and rigid wall portion at the top or center
of the arch and with progressively thinner and
more flexible wall portions toward the ends of
the arch, the working annulus is substantially
self-sustaining against force imposed against its
upper surface and strongly resists buckling under

such force. The upper surface, on the radius R* |

in Fig. 4, is thus the working surface which
receives the pressure of the fluid being pumped,
and such working surface is supported by the
underlying structure provided, as illustrated in
the drawing, by the thick arched body of the
wall. As the inner periphery of the working
annulus is moved toward the end of a stroke, the
arch of the annulus will be widened and ifs
walls stressed. In view of the progressive nar-
rowing of the arched wall toward its ends, the
stress will be distributed over the entire length
of the preformed wall, and the stress reaction
therein will tend to maintzin the arched form
of the wall and to oppose its collapse or buckling.

As the central wep of the diaphragm is moved

40
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toward the end of a stroke, the self-sustaining
arched working annulus moves toward the inner
face of the diaphragm chamber. Since it will be
maintained in its outwardly convex form, as
noted above, it can be made to approach the
chamber wall quite closely, and indsed to press
itself into contact with that chamber wall; and
the clearance: space between the diaphragm and
the chamber wall can be reduced to a: minimum
to obtain a high displacement ratio. Moreover,

-during reciprocation of the diaphragm through

partial strokes, over any portion of the total

stroke range, the self sustaining character of the

working annulus will minimize flabbiness in the
diaphragm element and lost motion in its opera-
tion.

__The operational characteristics of the working
annulus as described above result from the self-
sustaining construction of the diaphragm ele-
ment, and will cccur whether the diaphragm ele-
ment.is used singly in a single-acting diaphragm
device or used in a pair in a double-aciing dia-
phragm device as shown in the drawing.

In the double diaphragm arrangement shown
in Figs. 1 to 3, the two diaphragm elements are
tightly clamped together and the two outwardly
arched working annuluses 28 and 22 enclose 2
space of generally toroidal shape and of some-
what oval cross section. . This space may be
made to contain gas under elevated pressure, bub
will ordinarily contain air at atmospheric pres-
sure. As the diaphragm moves through its
stroke, however, the shape of the space enclosed
between the itwo working annuluses will be
changed and its volume somewhat reduced. - Any
such reduction in volume will tend to increase
the pressure within the space, and the reaction
of.such pressure increase will tend to give addi-
tional support to the outwardly arched .walls
of the working annuluses.

1 claim as my invention:

1. .A diaphragm, comprising a working annulus
having a normal configsuration of deeply-arched
crescent-shaped section with its wall relatively
thick and rigid at the apex of the arch and
becoming progressively thinner and more fiexible
toward the base thereof, inner and oufer periph-
eral attachment means for said annulus, and rela-
tively flexible wall portions joining said crescent-
shaped wall to said attachment means.

9. A diaphragm, comprising a working annulus
and radial attachroent webs at the inner and
ouber peripheries thereof, said annulus having a
normal section in the form of a deep crescent-
shaped arch with its apex wall relatively thick
and rigid and its adjoining wall portions progres-
sively thinner and less rigid, and relatively thin
and flexible wall portions extending in reverse
curves from said arch to said webs.

3. A diaphragm, comprising a working annulus
and attachment means at its inner and outer
peripheries, ‘said working annulus being pre-
formed of flexible material to & normal section in
the form of a substantially semi-circular arch,
the wall thereof being relatively thick and rigid
at the apex thereof and progressively thinner and
more fexible toward the base thereof, and rela-
tively thin and flexible walls joining said arch
portion to said attachment means.

4, A diaphragm, comprising a working annulus
pre-formed of flexible material to a normal sec-
tion in the form of an arch, the inner and outer
surfaces thereof being curved aboub spaced
centers, the wall thickness and rigidity being
substantially greatest at the apex of the arch
and progressively - thinner and more flexible
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toward the base thereof, and attachment means
at the peripheries of said annulus flexibly joined
to said arch portion.

5. A diaphragm as defined in claim 4, in which
the spaced centers are on opposite sides of the
plane from which the arch springs.

6. A diaphragm structure, comprising an outer
diaphragm support, s relatively reciprocable
disk-shaped inner diaphragm support concen-
trically spaced from said outer support, a dia-
phragm working annulus spanning the space be~
tween said supports, said annulus comprising a
central deeply arched portion of progressively
decreasing thickness and rigidity from the center
thereof toward said supports, and flexible walls
extending from said arched portion into sup-
porting engagement with said supports.

7. A double-acting diaphragm structure, com-
prising an outer diaphragm support, a relatively
reciprocable disk shaped inner diaphragm sup-
port concentrically spaced from said outer sup-
port, a pair of oppositely disposed diaphragm
elements spanning the annular space between
said supports, each of said elements comprising
a deeply arched wall of substantial thickness and
rigidity at its central portion and of progressively
increasing flexibility toward said supports and
flexible walls extending from said arched portion
into supporting engagement with said supports.

8. A double-acting diaphragm structure, com-
prising an outer diaphragm support, a relatively
reciprocable inner diaphragm support concen-
trically spaced from said outer support, a pair of
oppositely disposed arched walls spanning the
annular space between said supports, with the
convex sides of the walls facing axially away
from each other, each of said walls including
structural reinforcing means and being self-
sustaining in arch form against collapse and
introversion under substantial working pressure
against its convex face.

9. In a double-acting diaphragm structure, a
working annulus comprising a pair of oppositely
disposed arched walls with their convex sides fac-
ing axially away from each other, said arched
walls being of substantial thickness and rigidity
at their central portions and of progressively
decreasing thickness and increasing flexibility
toward their inner and outer peripheries.

10. A diaphragm pump to work against a posi-
tive pressure, comprising an outer diaphragm
support, a relatively reciprocable inner diaphragm
support spaced from said outer support, a work-
ing annulus spanning the annular space between
sajd supports and arched toward the pressure
side thereof, relatively ifexible means connect-
ing said annulus to said supports, said working
annulus including convex working face and
underlying structural means arched between said
supports, said arched structural means being rela-
tively rigid and sustaining said working annulus
against collapse and introversion under substan-
tial working pressure against its convex face.
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11. A diaphragm pressure pump as defined in
claim 10 in which said structural means comprises
an elastic body integral with said working face
and formed to normaily arched configuration said
body being of greatest rigidity at its central por-
tion and of greatest flexibility toward the periph-
eries thereof.

12. A diaphragm, comprising a working annu-
lus and attachment means at its inner and outer
peripheries, said working annulus being pre-
formed to a normal section in the form of a sub-
stantially semi-circular arch, the wall thereof
being relatively rigid at the apex thereof and
more flexible toward the base thereof.

13. A diaphragm structure, comprising an outer
diaphragm support, a relatively reciprocable
disk-shaped inner diaphragm support concen-
trically spaced from said outer support, a dia~
phragm working annulus spanning the space be-
tween said supports, said annulus comprising a
central deeply arched portion of decreasing
rigidity from the center thereof toward said sup-
ports, and flexible walls extending from said
arched portion into supporting engagement with
said supports.

14. In a diaphragm structure, a working an-
nulus comprising an annular wall extending from
an inner peripheral portion to an outer peripheral
portion which lies radially outward from and
generally concentric with the inner peripheral
portion, said wall being deeply arched hetween
sald peripheral portions and being of substan-
tial thickness and rigidity at its portion lying
centrally between said peripheral portions and of
progressively decreasing thickness and increas-
ing flexibility toward said peripheral portions.

15. In a diaphragm structure, a working annu-
lus comprising an annular wall extending from
an inner peripheral portion to an outer peripheral
portion which lies radially outwarq from and
generally concentric with the inner peripheral
portion, said wall being deeply arched between
sald peripheral portions and being of substantial
rigidity at its portion lying centrally between said
peripheral portions and of increasing flexibility
toward said peripheral portions.
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