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@ Valve assembly and breathing apparatus incorporating this valve assembly.

@ A valve assembly especially for a breathing apparatus
comprises & housing 14, an inlet for admitting gas into the
housing from a source of gas at a superatmospheric pressure,
a movable valve member 21 which is capable of closing the
gas inlet and which, in operation, is acted upon, at least when
ist is closed or nearly closed, by a force resulting from the
pressure difference between the higher pressure gas
upstream of the inlet and the lower pressure gas in the hous-
ing 14, the effect of which force is to tend to move the valve
member 21 to open the gas inlet, and means 16 responsive to
the difference between the pressure in the housing 14 and the
ambient préssure, the pressure-responsive means 16 being
so connected to the valve member 21 that, if the pressure in
the housing 14 exceeds the ambient pressure, at least by a
certain amount, the pressure-responsive means 16 exerts a
force on the valve member 21 which tends to cause the valve
member to move to close the inlet.
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-1- TITLE MODIFIED

see front page
Improvements in and relating to valves

The present invention relates to valve assemblies,
andrespecially to demand valves for controlling the flow of
pressurised respirab;e gas to breathing apparatus.

The present invention provides a valve assembly which
comprises a housing, an inlet for admitting gas iﬁto the
housing froﬁ a source of gaé at a superatmospheric pressure,

a movable valve member which is capable of closing the gas

inlet and which, in operation, is acted upon, at least when

it is closed or nearly closed, by a force resulting from

the pressure difference between the higher pressure gas upstream

of the inlet and the lower pressure gas in the housing, the
effect of which force is to tend to move the valve meinber to
open the gas inlet, and means responsive to the difference
betweén the pressure in the housing and the ambient pressure,
the pressure-responsive means being so connected to the valve
member that, if the pressure in the housing exceeds the
ambient pressure, at least by a certain amount. the pressure-
responsive means exerts a force on the valve member which tends
to cause the valve member to move to close the inlet. -

The valve assembly may form part cf a breathing apparatus,
that is to say, the valve assembly may be a so called "demand

valve". It may be fixed directly to

&

face mask or it may be
connected to a mouth piece; for example, in an aqualung.

The pressure-responsive means advantageously comprises a

. amte s e omrbom
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diaphragm of which one face is exposed to the ambient

- pressure and of which the other face is exposed to the
'pressu;e in the housing. Preferably, the movable valve
‘member is so connected to the pressure-responsive means that

- the pressure-responsive means acts only to tend to move

the valve member to close the inlet. When the pressure-
responsive means comprises a flexible diaphragm as referred
to above, the valve member is preferabl?\connected to the
diaphragm by means of a rigid member which is fixed to, and
exten@s from, the centre of the diaphragm in a direction
substantially normal to the plane of the central part of the-
diaphragm and into the interior of the housing. It will be
appreciated that, as a result of that arrangement, the
diaphragm experiences a restoring couple if it tends to turn or
rock rather than execute a purely translational movement.
Advantageously, the movable valve member ccmprises a
lever which is so mounted as to be pivotable about an axis,
of which one part israrranged to open and close the inlet and
which is connected to the éressure-responsive means at a point
spaced apart from the inlet along the length of the lever. The
use of a pivotally mountéd lever as the movable valve member
has the advantage that, as is explained in greater detail
hereinafter, it facilitates the achieving of the desired
balance of forces. Preferably, the part of the movable valve

member and the point at which the movable member is connected
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to the pressure-responsive means are situated on the same
side of the axis about which the lever is pivotable. That
arﬁangement makes it possible to provide, for a given length
of iever, a -greater. degree of leverage than can be provided
if the part of the lever that is arranged to open and close
the inlet and the point at whigh the lever is connected to the
pressure-responsive means are.situated on opposite-sides of
the axis of pivot. |

When the valve assembly is to serve-as a\demand valve for
breathing apparatus, the arrangement and dimensions of the
valve assembly are preferably such that, in operation, the
valve assembly.maintains the gas in the housing at a super-
atmospheric pressure. Such a "positive pressure" demand valve
has a number of advantages over a demand valve in which the
inlet to the housing 1is opened only when the gas in the housing
is at a subatmospheric pressure. Thus, any léakage that occurs
downstream of the gas inlei will be primarily a leakage of gas
out of the breathing apparatus, rather than a l=akage of, for
example, noxious gas or water, into the apparatus which would
be the case if the pressure downstream of the-inlet ever fell

below the ambient pressure.
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Advantageously, there is provided‘means tending to “
— : impede the flow ofﬁgas within the housing from the inlet
to the immediate vicinity of the pressure-responsive means.
The prpvision of suchrimpedance means has the advantage thest
5 the'p;éssure~fesponsive means is subjected pfimarily to the
static pressure witﬁin the héusing and not to dynamic forces
such as migét result if a stream of gas entering the housing
through the inlet were to impinge directly on the pressure-
responsive means. Pféferably, therimpedance means comprisec
10 a cover member formed with an.aperture“through which the valve
member extends and also with one or more apertures situated
remote from the inlet,which apertures form the only.means of
communication for the flow of gas within the housing between
the region of the housing that is immediately adjacent to the
15 pressure-responsive means and regions of the housiﬁé remote
from the pressure-responsive means.
Advantageously, there is provided external cover means
arranged to protect the pressure-responsive means and
the pressure—reéponsive means is exéosed to ambient

20 pressure only through one or more apertures in the ‘external

t.
ES

cover means,the aperture or apertures being so dimensioned as
"to tend to prevent unstable operéﬁion of the movable valve
member. Satisfactory dimensions for the aperture or apertures
can readily be ascertained by trial and error, the objective

25 being to make them small enough to eliminate "flutter" of the
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movable valve member, or Lo reduce such flutter to an
acceptable level, while at the same time not making the
dimensions of the aperture or apertures so smell that the
response of the valve to a change in the pressure within the
housing is unduly retarded.

The invention alsc provides a breathing apparatus, which
includes & face mesk and a demand valve, wherein the demand
valve is a valve assembly in accordance with the invention.

Advantageously, the housing of the valve assembly is

formed by a part o

-h

the face mask.

The breathing apparatus may be provided with an ori-nasal
mask and then, when the valve assembly is provided with impedance
means comprising a cover member as referred to hereinhefcre, the
aperture or apertures in the cover member, other than the apsri-
ure through® which the movable valve member extends, preferably
communicate directly with the interior of the ori-nasal masXk.

Two forms of valve assembly constructed in accordance with
the invention will now be described, by way of example only,

;ith rcference to the accompanying drawings, in which:

Fig. 1 is a vertical cross-section taken through the

first form of valve assembly with the valve in a
first positicn;

Fig. 2 is a cross-section corresponding to that of Fig. 1,
but with the valve in a second position;

Fig. 3 is a frent view of a face mask irncorporating the

second form cf valve assembly: and
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Fig. 4 is & cross-section taken on the line IV-IV in
I'ig. 3.
Referring to Figs. 1 and 2 of the accompanying drawings,

the first form of valve assembly, which is designed for

o
n
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demand valve in breathing apparatus, comprises a housinz.
which is indiceated generally by the reference numgral 1, &
diephragm 2z located at one end of the housing, a tubular
membey 3 having, at its end remote from the housing, a bead 4

for ettaching the demand valve directly to a breathing mask
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oxrmed with a bore which terminatec
at one end in an inlet 6, is connected to & conduit (not show
that can itself be connected to a source of pressurized

respirablie gas. As seen in Fig. 1, the inlet € is closed by

-

he housing 1 by
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a levexy 7 theat is attacheda to the ins:

th
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& pivot 6. One end of the lever 7 is linked,by means ©
pir 9 having a head 10, tc a rigid plate 11 that is attached
to the diaphragm 2. The pin 9 passes through a hole at one
end of the lever 7, and the head 10 engages the side of the
lever that is rcmote from the diaphregm 2.

One side of the diaphragm and plate assembly 2 and 11
faces the interior of the housing 1, while the other side
of tﬂ‘ assembly is open to ambient pressure by way of an
aperture 12 in a protective cover 13. The housing 1, the
@iaphragy 2 and the cover 13 are all sealed around their

outer odces by & clamping bead.
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It will be noted that the pin 9 and head 10 act on thc
~lever 7 at a distance a from the pivot 8 that is greater

than the distance b between the inlet 6 and the pivot. It will
also :

/be noted that the effective area of the diaphraaom 2 is much

" greater than the area of the inlet 6. Conseguently, the lever

S

7 moves to open or close the inlet 6 in response to changes irs

the pressure within the housing 1 of the order of 1 inch water

gauge (250 Pa) when the gas suppl i
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per square inch gauce (€50 kPa).

Fig. 1 shows thte demand valve in a first position in
which the lever 7 closes the gas inlet 6. The valve assumes
the first position when the pressure in the housing 1 is
greater than a predstermined value. In the first pesitiorn,

the moment applied to the lever 7 about

ct

he pivot 8 as & result’
of-the force generazed by the pressure difference acrocss the
diaphragﬁ 2 {the first moment) is greater than thc moment of
the force applied tc the lever as é result of the difference
between the pressure in the conduit 5 and the pressure in il
housing 1 (the seccnd moment). If the pressure in the housing
falls to a value below the predetermined value, for example,
by inhalation by ths wearer of the mask, the second moment -
becomes greater thar the first moment and the valve assumes

a second pcsition, which is shown in Fig. 2, in which the gas

inlet 6 is open. IZ the pressure in the housing 1 again risec

to a value above ths predetermined level, for example, ac &
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respli o
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Hhy

exhalation by -he wearer of the mask, the wvalve

returns to the first .sition.
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g to iigs. 3 and 4 cf the acccmpanying drawings,
the second form . valve assembly is also designed fer use as
a demand valvs in breathing apparatus, and comprices a housiné,
which is irdicated generally by the reference numeral 14 and
which forms part of a face mask of a breathing apparatus.

The housing 14 is slightly tapered outwardly and is open

inner side .

at its larger, / where it is in air-tight engagement with the
face seal 15 of the face mask. At its smaller, outer side,
the housing 14 is formed with a central aperture which is closec
by a flexibkle diaphragm 16. Fixed to the outer surface of the

diaphragm 16 is a rigid circular plate 17 of dished form.

ormed with centrzal

ki

and the plate 17 are

bt
(o)

The diaphz

Py

fv

fosil
apertures through which there passes one end portion,which iz
screw-threaded and of reduced diameter, of a pin which is
indicated generally by the reference numeral 18. The diaphragm
lé and the plate 17 are clamped between the shoulder on the pin
18, formed where the sgrew—threaded end pcrtion of the pin mests
the main body of the pin, and a nut 19 on the screw-threaded
portion of the pin.

18 .
The pin/terminates,at the end remote frowm the screw-

bt

threaded portion, in a ball 20, which is of
main body of the -
than the/pin and which can seat in a recess jorired towards

arger diameter

the fres end of a lever, which is indicated ¢ 212v kv the
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Y
reference numeral 21. The portion 22 of the lever between the
recess in which the ball 20 can seat and the free end of the
lever is bifurcated to form a slot extending longitudinally with
respect to the lever and through which the pin 18 can be inserted
during assembly.

The lever 21 is pivotally mounted at 23 adjacent to the end
of the lever that is remote from its free end. Secured to one
side of the lever 21 close to the point 23 is & resilient pad
24 which, when the lever is in the position showf in Fig. 4

=t

serves to clese an air inlet formed by the open end of a supply

1,

conduit 25, which is formed in a member 26 which 1s sealed

o]
fu

in an
aperture in the housing 14.
The supply conduit 25 communicates via the hollow intericr

of an air inlet swivel elbow member 26 to an air supply tube

D

‘

Between the air inlet and the immediate vicinity of the
diaphragm 16 there is interposed impedance means in/ggin of &
plastics cover member 28, which is formed on the side nearest
the air inlet with a slit 29 which is just wide enough to aliow
the lever 21 to pess through it without actually touching the
cover member 28 and is long enough to ensure that the lever is
free to turn far enough about the pivot 23 to open and close the
air inlgg. On the side remote from the air inlet, the ccrer
member/is formed with a relatively large aperture 30 through

which air can flow freely between the region bounded by thc

diaphragm 1¢ and the cover member 28, and the remainder cf thec

interior of the housing 14.
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The diaphragm 16 is protected against externalfdamage
by a cover 31, which may be formed of stainless steel, which
is sealed to the housing 14 and which is formed, in its unéer-
side, with three apertures 32. As is explained hereinbefore,
the dimencsicns of the apertures 32 are chosen to reduce or
eliminate any tendency the lever 21 may have to flutter while
at the same time not unduly retarding the response of the
diaphragm 16 to pressure changes within the interior of the
housing 14. The location of the apertures 32 in the underside
of the cover 31 reduces the risk that any one of them will
become blocked by dirt and the provision of more than one such

aperture renders the conseguence of blockage of an aperture

=

es

0]

serious. Further, the apertures 32 are so located that
they cannot be closed by the diaphragm 16.

Finally, the housing 14 is provided in one of its side
walls with a conventional exhalation valve 33.

The breathing apparatus operates in the following way.
The air supply tube 27 is supplied-with air at a pressure
of, say, 85 pounds per square inch gauge (650 kPa} and it is

desired to maintain the pressure within the interior of the

- housing 14 within, say, the range of from 0.5 inch to 2.5

inches water gauge (125 to 625 Pa).
It will be appreciated that, as in the case of the :
corresponding parts of the valve assembly described with

reference toc Figs. 1 and 2, the high pressure air at the air
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inlet always exerts a force on the lever 21 that tends to

open the inlet. When the lever 21 is in the position shown

~in Fig. 4, the inlet is closed by the resilient pad 24 on the

lever and the pressure is a static'pressure, When the lever 21
pivots clockwise ag seen in Fig. 4 to opem the-imlet, ghe Hbrce
exerted on the lever by the high pressure air flowing into the
housing 14 is, at leas£ in part, a kinetig reﬁetiﬁg on the
lever caused by the air impinging on it. o '

On the other hand, given that the air pressure within the
housing 14 is always above ambient pressufé,:the pressure
difference across the diaphragm 16 itself teﬁdgz%é move ‘thm
diaphragm outwards with the result that the effect of the -

pressure difference is to tend to move the lever 21 to clage

the air inlet. The force exerted on the pin 18, which is glamped

to the diaphragm 16, doss not, however, result solely from the
pressufe difference, but includes a ccmponent arising from the
tension in the skirt portion cf the diaphragm, that is to say,
the portion of the diaphragm that lies radially outwards of the
plate 17. With the configuration of the skirt portion of the
diaphragm 16 shown in Fig. 4, that tension will tend to exert
an inwards force (upwards as seen in Fig. 4) on the pin 18. Aas
in the case of the corresponding parts of the valve assembly
described with reference to Figs. 1 and 2, however, the
connection between the pin 18 and the lever 21 is such that

the pin never exerts a force on the lever which would tend

to cause the lever to move to open the air inlet.

e o et CR b
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The desired balance of forces on the lever 21 is obtaine
despite the great disparity between the pressure of the air

supplied to the air inlet and the pressure that obtains in

the housing 14, partly because of the leverage afforded by

“the lever 21 and partly because the effective area of the

diaphragm 16 is much larger than the area of the air inlet.

The maximum pressure reached within the housing 14 is V
determined by the setting of the exhalation valve 33, which
should normally be such (in order to\évoid the wastage of
air or other respirable gas) that the air inlet and the exﬂ
tion valve are nét open at the same time. |

The construction cf the valve assembly and the associa
breathing apparatus can of course be wvaried in many respecf
without departing from the scope of the invention. In
particular, the aperture 30 in the cover member 28 may be
replaced by an aperture or apertures in the inner face {(tht
upper face as seen in Fig. 4) leading directly to the inte:
of an ori-nasal mask, which, may itself be secured to, or

integral with, the cover member 28.
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1. & wvalve assembly vhich compriscs 2 housing, an
inlet for admitting gas intc the housing from & source of
gas at a superatmospheric prassure, a movakle valve member
Ithch ig capable of clcsing the gas inlet and which, in
operation, is acted upon,at least when it is closed or
nearly closed, by a focrce resulting from the pressure difi-
erence between the highor pressure gas upsiﬁeam of the inlet
and the lower presstre gas in thé hcousing, the effect of
which forece is to tend to move the valve membér to open

the gas inlet, and means respoﬁéive to the difference
between the pressure in the housing and.the ambient pressure,
the pressure-responsive means being so connected to the valive

member that, if the

4o]

ressure in the housing exceeds the

‘
ambient pressare, ai least by a gertein amcunt, the pressure-
responsive means cxrerts & force on the valve member which
tends to cause the valve member to move to close the inzet

2. A valve assembly as claimed in claim 1, wherein
the pressure-responsive means comprises a flexible diaphragm
of which one face is exposed to the ambient pressure aﬁd oI
'hich the cther face is exposed to the pressure in the
housing.

‘3. A valve assembly as claimed in ¢laim 1 or claim 2,
whersin the movable valve member is so connected to the

pressure-responsive means that the pressure-responsive means

acts only to tend to move the valve member to close the inlet.
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4, A valve acsembly as claimed in claim 3 when
dependent on claim 2, wherein the valve member is
connected to the diaphragm by means of a rigid member
which is fixed toc, and extends from, the centre of the
diaphragm in a direction substantially normal to the plane
of the central part of the diaphragm and into the interior
of the housing.

5. A valve assembly acs claimed in any one of ciaims
1 to 4, wherein the movable valve member comprises a2 lever
which is so mounted as to be pivotable abocut an axis, of
which one part is arranged to open and close the inlet and
which is connected to the pressure-responsive means at a
point spaced apart from the inlet along the length of the
lever,

6. A valve assembly as claimed in claim 5, whexein the
part of the movakle valve member and the point at which the
movable member is connected to the pressure-responsive means
are situated cn the zame side of the axis about which the
lever is éivotable.

7. A wvalve assembly as claimed in any one of clzims
1 to 6, wherein the arrangement and dimensions are such that,
in operation, the valve assembly maintzins the gas in the
housing at a superatmosprheric pressure.

8. A valve assembly as claimed in any one of clzaims
1 to 7, when dependent on claim 2, wherein there is provided

means tending to impede the flow of gas within the housing
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from the inlet

58

c the immediate vicinity of the pressure-
responcive meéans.

S. A valve assembly as claimed in claim &€, wherein
the impedance means comprises a cover member formed with
an aperture through which the valve member extends and
‘a&lso with onc or more apertures situated remote from the
inlet, which apertures form the only means of communication
for the flow of gas within the housing between the region
of the housing that is immediately adjacent tc the pressure-
responsive means and regions of the housing remcte from the
pressure~responsive means.

10. A valve ascsenbly as claimed in any one of claims 1
to 9, wherein there is provided external cover means arranged
to protect the pressure-responsive means and
the pressure-responsive means is exposed to ambient pressure
only through one or more apertures in the external cover
méans,the aperture or apertures being so dimensioned as tc

tend to prevent unstable operation of the movable valve memper.

11. A wvalve assembly as claimed in claim 1 and substan-~
tially as hereinbefore described with reference to, and as
shown in, Figs. 1 and 2 of the accompanying drawings.

12. 2 valve assembly as claimed in claim 1 and sub-
sfantially as hereinbefore described with reference tc, and
as shown: in, Figs. 3 and 4 of the accompanying drawincs.

13. A breathing apparatus, which includes a face mask

and & demand valve, wherein the demand valve is a valve

assembly as clzimed in any one of claims 1 to 12.
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and the housing of the valve assembly is formed by & part of

5 15. A breathing apparatus as claimed in claim 13, which
and wherein
is provided with an ori-nasal mask/ the valve assembly is
provided with impedance means as claimed in claim ¢ and the

aperture or apertures in the cover member, other than the

aperture throuch wnich the movablie valve member extends,

[

10 communicate directly with the intericr of the ori-nasel maszsk.

w
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