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1571 ABSTRACT

A breathing apparatus having an exhaust valve and a
diaphragm actuated inlet valve, wherein the exhaust
valve includes a sealing surface against which the dia-
phragm normally is sealingly engaged to close the open-
ing and from which the diaphragm is disengaged upon
exhalation to open the exhaust valve.

14 Claims, 4 Drawing Figufe#
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BREATHING VALVE ASSEMBLY WITH
DIAPHRAGM CONTROL OF THE EXHAUST
PORTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

This invention relates to breathing apparatus of the
type wherein breathing fluid 1s provided to a mask upon
a demand evidenced by inhalation by the user of the

mask.

(b) History of the Prior Art

In the prior art, demand type valves for use in con-
junction with breathing masks have been provided
which are responsive to inhalation by the mask user. In
one type of such mask a flexible member in the form of
a diaphragm moves in response to the reduced pressure
created in the mask chamber upon inhalation and actu-
ates a lever which in turn opens a breathing fluid supply
valve. Such masks, as shown in the prior art customarily
are provided with an independent exhaust valve which
opens upon exhalation to permit the escape of gas ex-
haled by the mask user. The exhaled gas both moves the
diaphragm to its normal position of rest and opens the
independent exhaust valve.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the invention there is provided
demand type breathing apparatus wherein the exhaust
valve and the diaphragm are combined thus eliminating
the need for an independent exhaust valve. The dia-
phragm controls both the inlet and the exhaust valves,
opening the former in response to inhalation and the
latter in response to exhalation.

The breathing apparatus of the invention comprises a
hollow casing which s provided with an opening in the
casing wall. A flexible diaphragm is positioned across
the opening and in conjunction with the hollow casing
forms a chamber. The diaphragm is movable in re-
sponse to variations in differential pressure between the
inside and outside of the chamber. A breathing fluid
inlet valve communicates with the chamber and is
opened in response to inward movement of the dia-
phragm resulting from a reduction of chamber pressure
created upon inhalation by a user of the apparatus. An
outlet valve i1s provided for exhausting fluid from the
chamber when pressure within the chamber is increased
above a predetermined value upon exhalation by the
user.

The improvement of the invention comprises provid-
ing a sealing surface against which the diaphragm nor-
mally is sealingly engaged and from which at least a
portion of the diaphragm is disengaged upon exhalation
into the chamber. The diaphragm and the sealing sur-
face act as the outlet valve with the diaphragm control-
ling both the inlet valve and the exhaust ports, thereby
eliminating the need for a separate outlet or exhaust
valve,
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a side elevational view of a breathing mask
equipped with a breathing valve assembly of this inven-
(ion.

FIG. 2 is a sectional view of the breathing valve
assembly, on an enlarged scale.

FIG. 3 is a further enlarged, fragmentary sectional
view of the exhaust valve in a partially open position.

FIG. 4 is similar to that of FIG. 3 showing the ex-
haust valve tn a further open position.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now in detail to the embodiment depicted
by way of illustration in the accompanying drawing,
there is shown a breathing apparatus 10 which com-
prises a casing 11, a flexible diaphragm 12 and a cover
13. The casing may be made of any suitable ngid mate-
rial which Is essentially impervious to air and oxygen,
such as steel, aluminum and nigid plastics, and which
will not incorporate toxic substances into breathing
fluids. The casing is defined by a casing wall 14 through
which a first opening 15 is provided. Flexible dia-
phragm 12 having internal and external surfaces 16 and
17 respectively is positioned across opening 15. Flexible
diaphragm 12 is manufactured from a flexible gas imper-
vious material such as natural or sitlicone rubber or a
flexible plastic.

Flexible diaphragm 12 in conjunction with casing 11
defines a chamber 18 into which a breathing fluid sup-
ply line 19 is connected through an inlet valve 20 of
conventional design. Breathing fluid supply line 19 is
connected to a source of breathing fluid, not shown,
such as air or oxygen. Inlet valve 20 is opened in re-
sponse to iInward movements of diaphragm 12 by a tilt
lever 21 which 1s moved by diaphragm 12 to open inlet
valve 20 and which has a restoring spring 25 to close the
valve upon outward movement of the diaphragm, all in
a manner well known in the demand regulator art.

The apparatus is provided with an outlet valve 22 for
venting or exhausting fluid from chamber 18 when fluid
pressure within chamber 18 exceeds a predetermined
level. A second opening 23 into chamber 18 1s provided
which is adapted for airtight communication with the
breathing function of a user, usually through a close
coupling to breathing mask 30 as shown. If desired,
such communication can be through a tube or hose, not
shown, one end of which is tightly connected with
second opening 23 and the other end of which is con-
nected to breathing mask 30.

In accordance with the invention, there is provided a
sealing surface 24 about opening 15 against which a
circumferential portion 28 of internal surface 16 of dia-
phragm 12 normally sealingly engages to close opening
15 and from which at least a portion of diaphragm 12 is
disengaged when the pressure within the chamber 18
increases above a predetermined level, thus permitting
surface 16 of diaphragm 12 in conjunction with surface
24 to act as outlet valve 22.

Casing wall 14 is formed to provide an exhaust chan-
nel 31 around opening 15, communicating with cham-
ber 18 when diaphragm 12 is disengaged from surface
24 and closed from communication with chamber 18
when diaphragm 12 sealingly engages surface 24. Chan-
nel 31 i1s vented to atmosphere through ports 27° at the
bottom of the channel, and is subdivided into an annular
series of exhaust ports 27 by an annular series of radial
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bars 32 joined at their outer periphery by a ring 33
having a recessed bottom wall providing an annular
chamber 34 communicating with exhaust ports 27 and
with vent ports 27°. Bars 32 are of substantial width or
thickness, and with ring 33 provide an inwardly sloping,
inverted frusto-conical support surface 57 for the cir-
cumferential portion 28 of diaphragm 12 when it is
sealing engaged against surface 24 to close outlet 22, as
shown in FIG. 2. The slope of surface 57 i1s such that its
inner periphery is only slightly below the sealing sur-
face 24 of casing wall 14, and its outer periphery is at
diaphragm ring 26 or substantially so.

External surface 17 of diaphragm 12 is protected by
cover 13 which 1s shaped to provide a chamber 29 on
the side of diaphragm 12 opposite chamber 18 and
which 1s provided with a vent 40 so that external sur-
tace 17 of flexible diaphragm 12 is usually constantly
exposed to atmospheric pressure. Periphery 26 of dia-
phragm 12 1s a thick ring securely held in the recessed
upper ends of casing wall 14 and of ring 33 by cover 13
but diaphragm 12 is not held against sealing surface 24
by cover 13..

The diaphragm 17 is carefully designed so that in any
orientation there is a preload built into a diaphragm
sufficient to maintain contact with the sealing surface 24
with no differential pressure across the diaphragm. This
means that a small positive pressure in chamber 18 must
be induced to lift the diaphragm at sealing surface 24
and exhaust the exhaled gases through ports 27, 27°.

In its most common usage, the gas in chamber 29
simply moves in and out through port 40 as the differen-
tial pressure across diaphragm 12 is altered by an in-
duced negative or positive pressure in chamber 18. It is
within the scope of the invention, however, that a posi-
tive pressure (above ambient) may be imposed on the
diaphragm by some secondary device, as described
below. However, the design is such that the differential
pressure across diaphragm 12 needed to either open the
demand valve 20 or in turn to lift diaphragm 17 from
sealing edge 24 to exhaust gases, will remain almost
constant. This 1s accomplished by the radial supports
32, 33 which are incorporated in exhaust channel 31, so
that the effective area of the diaphragm subject to the
differential pressure remains in a substantially constant
ratio of 1:1.

When the regulator is of the pressure-demand type, to
avoid any possibility of inboard leakage for example, an
orificed flow of gas from the upstream side of inlet
valve 20 to chamber 29 can be provided. As shown in
F1G. 2. cover 13 can have a passage 50 communicating
with chamber 29 and with a passage 56  in casing 11
communicating with the inlet supply. Casing 11 also has
a bore 56 communicating with passage 56’ and contain-
ing an orifice button 52 having a restricted orifice 53
communicating with passage 56’ through a filter 54.
‘The opposite ends of bore 56 are sealed around passages
30 and 56’ by O rings 51 and 55. With this arrangement
a constant supply of inlet gas is bled to chamber 29,
biasing diaphragm 12 to maintain a positive pressure in
chamber 18 in a manner known in the art. An aneroid 37
in a cap 35 on cover 13 carries a valve 38 adapted to
engage a seat 39 around port 40, the cap having vent
openings 36 to atmosphere. Port 40 and valve 38 are of
a diameter approxitmately equal to the diameter of aner-
owd 37, whereby aneroid 37 and the pressure in chamber
29 act against the same valve area.

Support surface 57 is useful but not essential when
operating in the straight demand mode and diaphragm
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12 1s subject only to ambient atmospheric pressure in
chamber 29. When operating in the pressure demand
mode, however, supporting surface 57 is necessary to
maintain the desired uniform opening action of outlet 22
In response to increased pressure on surface 16 of dia-
phragm 12.

In operation, when the user of apparatus 10 inhales,
the pressure within chamber 18 is reduced which causes
the center of diaphragm 12 to move inwardly, activat-
ing lever 21 which in turn opens inlet valve 20 thus
permitting breathing fluid to enter chamber 18. This
reinforces the self-sealing action of diaphragm 12
against surface 24, keeping outlet valve 22 closed. When
the user of breathing apparatus 10 exhales, the pressure
in chamber 18 1s increased and diaphragm 12 moves
outwardly permitting inlet valve 20 to close. However,
outlet valve 22 remains closed and circumferential por-
tion 28 of diaphragm 12 does not lift away from sealing
surface 24 until the pressure within chamber 18 exceeds
that within chamber 29 by an amount sufficient to over-
come the built-in preload or self-sealing bias of dia-
phragm 12 whereupon diaphragm portion 28 is lifted
from supporting surface 57 permitting exhaled gas to
pass between internal surface 16 of diaphragm 12 and
sealing surface 24 through exhaust ports 27 and vents
27’ to the outside of apparatus 10. The amount of dia-
phragm portion 28 which is lifted from surface 57 in-
creases with the pressure force of exhalation, thereby
increasing the area of exhaust opening through ports 27
as shown by comparing FIGS. 3 and 4.

Thus, the inlet valve actuating diaphragm 12 also
controls the exhaust outlet. The inlet 20 is opened by
the diaphragm upon inhalation to admit breathing fluid
to the chamber, the outlet 22 remaining closed by the
diaphragm. The outlet is opened by the diaphragm upon
exhalation, after permitting the inlet to close, to vent the
products of exhalation from the chamber. The dia-
phragm 12, in conjunction with the peripheral sealing
surface 24 provides the outlet valving action. The trun-
cated, inverted conical shape of surface 57 supports
draphragm portion 28, at rest and during inward move-
ment of the diaphragm, and also during lifting of por-
tion 28 away from surface 24 upon outward movement
of the diaphragm.

I claim:

1. In a breathing apparatus capable of operating in the
pressure demand mode and having a hollow casing with
an opening tn one wall thereof, a flexible diaphragm
having a relatively thin annular portion, the diaphragm
being secured at its periphery relative to said casing and
having internal and external surfaces subject to fluid
pressure and positioned across said opening, said dia-
phragm forming a chamber in conjunction with said
casing and being movable in response to variations in
differential pressure across said diaphragm, a breathing
fluid supply, an inlet valve connecting sard fluid supply to
sald chamber, means for opening said inlet vafve respon-
sive t0 movement of said diaphragm inwardly of said
chamber upon a reduction of pressure within said cham-
ber, a breathing port from said chamber adapted to be
connected to a user, a fluid outlet from said chamber,
Land ] means for opening said outlet when the pressure
within said chamber exceeds the pressure bearing upon
the external surface by a relatively constant predeter-
mined [[relative pressure} overpressure, and pressure
maintaining means capable of maintaining the fluid pres-
sure bearing upon the external surface of said diaphragm
at a relatively constant pressure while the inler and outlet
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are sequentially opened and closed; the improvement
wherein said means for opening said outfet comprises
arranging said diaphragm and said outlet so that the
relatively thin annular portion of said diaphragm [ itself]
normally closes said outlet and maintains said outlet
closed until the chamber pressure [exceeds a predeter-
mined value) attains said overpressure whereupon
movement of said diaphragm outwardly of said cham-
ber opens said outlet to vent fluid from said chamber.

rogether with supporting means adjacent said outlet for 10

supporting the relatively thin annular portion of said dia-
phragm so that the effective area of the internal and exter-
itul surface of said diaphragm subject to differential pres-
sure remains in a substantially constant ratio as said dia-
phragm opens said outlet whereby the overpressure neces-
sary to open said diaphragm remains substantially constant
even though the flow rate and pressure may vary.

2. Breathing apparatus as defined in claim 1, said
apparatus [being of the straight demand type} also
being capable of operating in the straight demand mode.

3. Breathing apparatus as defined in claim 1, said
[apparatus being of the pressure-demand typel sup-
porting means causing said effective area of said dia-
phragm to remain in a substantially constant ratio of I:1.

4. Breathing apparatus as defined in claim 1, said
means for opening said inlet including a tilt valve hav-
ing a stem engaged by said diaphragm upon inward
movement thereof to open said valve and spring means
biasing said valve to an inlet closing position.

5. Breathing apparatus as defined in claim 1, [to-
gether with} in which a sealing surface is is disposed
adjacent said outlet and about said opening {against
which]. a portion of the internal surface of said dia-
phragm normally [sealing engages to close] engaging
said sealing surface to close said outlet and from which at
least a portion of said diaphragm is disengaged when
the pressure within said chamber exceeds a predeter-
mined value, said diaphragm and surface thereby acting
as an outlet valve,

6. Breathing apparatus as defined in claim [5} 7,
said diaphragm having a built-in pre-load sufficient to
maintain said outlet valve normally closed in all posi-
tions of orientation of said apparatus.

7. In a breathing apparatus capable of operating in the
pressure demand mode and having a hollow casing with
an opening in one wall thereof, a flexible diaphragm
having a relatively thin annular portion, the diaphragm
being secured at its periphery relative to said casing and
having internal and external surfaces subject to fluid
pressure and positioned across said opening, said dia-
phragm forming a chamber in conjunction with said
casing and being movable in response to variations In
differential pressure across said diaphragm, a breathing
fluid supply, an inlet vaive connecting said fluid supply to
said chamber, means for opening said inlet vafve respon-
sive to movement of said diaphragm inwardly of sad
chamber upon a reduction of pressure within said cham-
ber, a fluid outlet from said chamber [and], a breathing
port from said chamber adapted to be connected to a user,
means for opening said outlet when pressure within said
chamber exceeds the pressure bearing upon the external
surface by a relatively constant predetermined [relative
pressure ] overpressure, and pressure maintaining means
capable of maintaining the fluid pressure bearing upon the
external surface of said diaphragm of a relatively constant
pressure while the inlet and outler are sequentially opened
and closed; the improvement wherein said means for
opening said outlet comprises arranging said diaphragm
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and said outlet so that the relatively thin annular portion
of said diaphragm [itself] normally closes said outlet
and maintains said outlet closed until the chamber pres-
sure [exceeds a predetermined value] atzains said over-
pressure whereupon said diaphragm opens said outlet to
vent fluid from said chamber, together with supporting
means adjacent said outlet for supporting said annular
portion of said diaphragm so that the effective area of the
internal and external surfaces of said diaphragm subject to
differential pressure remains in a substantially constant
ratio as said diaphragm opens said outlet, and wherem
said [external surface of said diaphragm is protected
by} pressure maintaining means includes a cover defin-
ing with said diaphragm a second chamber, said second
chamber protecting the external surface of said diaphragm
and being vented to the exterior of said apparatus.

8. Breathing apparatus as defined in claim 7, said
diaphragm having a built-in pre-load sufficient to main-
tain said outlet valve normally closed in all positions of
orientation of said apparatus.

9. Pressure-demand breathing apparatus as defined in
claim 7, together with means for maintaining a positive
pressure within said second chamber relative 1o ambient
atmosphere.

10. Pressure-demand breathing apparatus as defined
in claim 9, wherein said means for maintaining a positive
pressure include a bleed passage from said inlet to said
second chamber, and an aneroid [means] controlling
the vent from said second chamber.

11. Pressure-demand breathing apparatus as defined
in claim 9, said outlet comprising [aJ an annular series
of [alternating] ports [and support}], supporting
means [around said opening]} consisting of an annular
series of radial bars separating said ports, and [a} an
annular sealing surface [around] adjacen: said outle!
inwardly of said ports and [suppport] supporting
means, said internal surface of said diaphragm normally
[sealing) sealingly engaging said sealing surface to
close said outlet, said [support] supporting means
providing support for the relatively thin annular portion
of said diaphragm outwardly of said sealing surtace so
that the differential pressure across said diaphragm needed
to lift said diaphragm from said sealing surface will remain
almost constant to maintain the desired substantially uni-

45 form outlet opening action.
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12. In a breathing apparatus capable of operating in the
pressure demand mode and having a hollow casing with
an opening in one wall thereof, a flexible diaphragm
having a relatively thin annular portion, the diaphragm
being secured at its periphery relative to said casing and
having internal and external surfaces subject to fluid
pressure and positioned across said opening, said dia-
phragm forming a chamber in conjunction with said
casing and being movable in response to variations in
differential pressure across said diaphragm, a breathing
fluid supply, an inlet valve connecting said fluid supply to
said chamber, means for opening said inlet va/ve respon-
sive to movement of said diaphragm inwardly of said
chamber upon a reduction of pressure within said cham-
ber, a fluid outlet from said chamber [and ]}, a breatharng
port from said chamber adapted to be connected 10 a user,
means for opening said outlet when pressure within said
chamber exceeds the pressure bearing upon the external
surface by a relatively constant predetermined [relative
nressure ] overpressure, and pressure maintaining means
capable of maintaining the fluid pressure bearing upon the
external surface of said diaphragm of a relatively constant
pressure while the inlet and outlet are sequentially opened
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and closed; the improvement wherein said means for
opening said outlet comprises arranging said diaphragm
and satd outlet so that the relatively thin annular portion
of said diaphragm normally closes said outlet and main-
tains said outlet closed until the chamber pressure [ex-
ceeds a predetermined value] attains said overpressure
whereupon said diaphragm opens said outlet to vent
fluid from said chamber, together with a sealing surface
extending about said opening and through which said
outlet extends and against which a portion of the internal
surface of the annular portion of said diaphragm nor-
mally sealingly engages to close said outlet and from
which at least a portion of said diaphragm is disengaged
when the pressure within said chamber exceeds a prede-
termined value, said diaphragm and said sealing surface
thereby acting as an outlet valve, said outlet comprising
a series of alternating ports and [support] supporting
means [around said opening,] /n said sealing surface
[being interposed between said series of outlet ports
and said opening, and said opening], and said [sup-
port} supporting means providing support for the rela-
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tively thin annular portion of said diaphragm [outwardly
of said sealing surface] so thar the effective area of the
internal and external surfaces of said diaphragm subject to
differential pressure remains in a substantially constant
ratio as said diaphragm opens said outlet whereby the
differential pressure across said diaphragm needed to {ift
said diaphragm from said sealing surface will remain
almost constant, thereby providing the desired outlet open-
ing action.

13. Breathing apparatus as defined in claim 12, said
apparatus being of the pressure-demand type having
means for maintaining a positive pressure relative to
ambient atmosphere on said external surface of said
diaphragm.

14. Breathing apparatus as defined in claim 1, said

Sflexible diaphragm being so shaped that when the outlet is

opened it is not necessary to stretch said diaphragm, the
relatively thin portion of the diaphragm rolling away from

20 said outlet.
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