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2,954,793 
. PRESSURE COMPENSATED ‘INHALATION 

'EXHALATION VALVE FOR PRESSURE 
BREATHING MASK 

Henry W. *Seeler, Dayton, Ohio, assignor to the United 
States of America as represented by the Secretary of 
the Air Force 

Filed ‘Sept. 12, ‘1958, Ser. No. 760,817 

9 ‘Claims. ((21. 137-,-64) 

(Granted under Title 35, us. Code (1952), sec. 266) 

Unite 16S 

The invention described herein may be manufactured 
and used by or for the United States Government for gov 
ernmental purposes without payment to me of any royalty 
thereon. 

This invention relates to a valve assembly, and more 
particularly to a pressure compensated inhalation and 
exhalation valve assembly for pressure breathing in a 
high altitude mask, of the general type as shown in my 
Patent No. 2,820,469, dated January 21, 1958. 
High altitude masks in use currently have three valves 

built into them. This causes the masks to be unneces 
sarily large and uncomfortable. The improved valve as 
sembly as shown in my above referred to patent took over 
the work of these valves by compactly combining the 
function of an inhalation valve and a pressure compen 
sated exhalation-inhalation valve with the result that 
breathing masks could be made smaller and lighter. 
This has an important effect on the ability of the wearer 
to use‘the mask for long periods of time without objec 
tional discomfort. Accordingly a principal feature of 
this invention is to provide a compact valve assembly for 
a breathing mask that combines the functions of an in 
halation valve and a fully pressure compensated and 
balanced ‘exhalation valve. ‘ 
A further object of this invention is the provision of an 

improved valve assembly designed so that low tempera: 
ture oxygen supplied to the valve assembly can not freeze 
'the exhalation moisture in the valve assembly and cause 
theexhalation valve to freeze and “stick” or malfunction. 

Also, in order to prevent chatter-and improper func 
tion of the exhalation valve structure under certain con 
ditions'I have improved the‘ construction shown in my 
above indicated patent (2,820,469) by providing yield 
able pressure compensated. means for controlling‘ the 
movement of the exhalation valve structure, which is ‘a 
main and important feature of the present invention. 
fIt is therefore an object of this invention to provide‘ 
asupplementary pressure ‘chamber and diaphragm for the 
exhalation valve for controlling the movement of the ex 
halation valve ‘between exhalation and nonexhalation posi 
tions. ' ' 

‘A further object includes the ‘provision of means for 
compensating variations of pressure in the supplementary 
pressure chamber ‘due to variations of pressure in'the, 
inhalation chamber during inhalation and exhalation. 
.-A further object is the provision of a dual diaphragm 

structure for closing the supplemental pressure chamber 
comprising means for mounting the exhalation valve for 
concentric axial movement, and including a restricted 
bleed port for connecting the supplemental ‘chamber in 
restricted communication to’the inhalation chamber. 

These and other objects of this invention will become’ 
more ‘apparent when ‘read in the light of the’ following 
speci?cation and. accompanying drawings in which like 
reference‘ characters refer to like parts in the’ several 
?gures.- _ _ 

giFigure '1 is aside elevation of the'improved valve as 
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2 
sembly disclosing the annular exhalation port and showing 
the mask receiving groove and the oxygen hose receiv 
ing portion. A portion of the mask and oxygen hose are 
shown in the dotted lines in Figure 3. 
Figure 2 is an end elevation of the valve assembly look 

ing toward the mask receiving end. I 
1Figure 3 is a longitudinal sectional view through the 

assembly, taken about on the plane indicated by line 
3—-3 in Figure 2 but including a portion of the mask 
and oxygen hose, which are shown in dotted lines. 

Figure 4 is a detail cross sectional view through my im 
proved dual annular diaphragm ring. 2 

Referring to the drawings by reference numerals the 
improved compensated inhalation and exhalation valve 
assembly is indicated generally by the reference numeral 
1 comprising an annular tubular housing or casing 2’ 
having an inner or mask end 3 and an outer or oxygen 
supply end 4 (see Figure 3). The housing 2 has a 
tubular stem portion or oxygen supply conduit 5 adapted 
to be secured to an oxygen supply hose 6 and the inner 
or mask end 3 is formed with an annular mask receiv 
ing groove 7 adapted to be inserted in a suitable hole 
prepared in the oxygen mask 8. - 
An inhalation chamber 9 and an exhalation chamber 

10 in the housing 2 are separated by a movable dividing 
Wall 11 so that the exhalation chamber 10 is at the inner 
end of the housing 2 and the inhalation chamber 9 is 
near the outer end. This dividing wall 11 consists of an 
annular inhalation valve 12 and an annular exhalation 
valve 13. The valve 13 includes a rigid tubular support‘ 
portion 14 and a dual diaphragm indicated generally at 
15. . 

The inhalation valve 12 is an annular resilient ?exible 
disk or diaphragm 16 having a centrally disposed axially 
extending boss portion 17 inserted in a spider or cross 
support 18. The cross support. member 18 is mounted 
on the inner end 19. of the rigid tubular support portion 
2!} of the exhalation valve 13. The spider 18 is held 
against the inner ?anged end 19 by the resilient ring 18% 
?tting in a groove in the tubular portion 20 and. forms 
a spring seat. ‘ . 

The periphery 21 of the 'inhalation'valve .12 is adapte V 
to make a one‘way sealing contact with the valve seat 
22 on the edge of the exhalation valve portion 20 and 
close off the inhalation port23 connecting the inhalation 

,. and exhalation chambers 9 and 10. ' 

50 

As seen in Figure 3 the inhalation valve opens when-9 
ever the relative pressure in the inhalation chamber9 ex 
ceeds the pressures in the exhalation chamber 10. This 
equalizes the gas pressures in both chambers '97 and 10‘. 
The exhalation valve 13 makes sealing contact with the‘ 

:5‘ annular valve seat 24 formed inrthe body of the housing 
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2 of the valve assembly. The exhalation chamber’ 10. 
communicates with “the ambient air through ports 25‘ 
which are opened and closed by the exhalation‘ valve 13. 
On the opposite end 25 of the exhalationValVe por 

tion 20 an annular ring shaped dual diaphragm, 15' is‘ 
mounted. The diaphragm 15 ,as seen in ‘Figures 3. and_ 
4 comprises a pair of concentric U-shaped'in cross sec 
tion resilient diaphragm portions orv rings. The outerv 
U-shaped in_ cross section‘ ring is indicated at 28 while 
the integral concentric inner ring diaphragm is indicated‘ 
at 29. ’ 

> The dual diaphragm 15 is secured intermediate its inner. 
and outer edges to the end of the tubular support por- ‘ 

_, tion 26 of the exhalation valve structure by suitable means ‘ 
such as by the retaining ring 36, [The outer periphery of. 
the outer ring 28 is provided with an ‘annular mounting 
head 31 which snugly ?ts the annular-rgroovejin'gthe "en-j 

retains the bead_31 in its groove “or channel._ ‘_ p . i 
The inner edge periphery of the inner ring 29‘ of the 

larged portion 32 of the housing 1 and a sealing vring 33" 
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?exible resilient‘ diaphragm 15 is also formed with an 
annular mounting bead 34 which is seated in an annular - 
groove 35 in the tubular sleeve or ferrule 36 seated in 
thetubular stem 5 and extending inwardly toward the in-_ 
halation chamber 9 and formed with an inturned ?ange 
3-7'forming a spring seat. > ‘ 

An annular ring or ferrule 39 snugly ?tted in the 
inner bore of the tubular sleeve 36 is locked therein by a 
snap ring 39’ seated in suitable complemental grooves and 
this ferrule 39 retains the inner bead 34 in the sleeve 36, 
which sleeve 36 for all practical purposes can be con 
sidered an inner tubular extension of the oxygen supply 
conduit portion 5 extending into or at least toward the 
inhalation chamber 9. The two concentric diaphragm 
ring portions 28 and 29 with the right hand portion 32 
of ‘the housing 2 and the sleeve 36 form a closed pressure 
chamber 40 located toward the outer or oxygen supply 
receiving end 4 of the valve assembly. 

This chamber 40 is provided with a restricted or small 
communicating passage 41 therefrom into the interior of 
the inhalation or oxygen supply passage 44. 

Thus, the. inner edge of the ?exible inner U-shaped 
diaphragm portion 29 is secured to the tubular extension 
or stem Y36 and the outer edge of the flexible outer dia 
phragm portion 28 is secured to the intermediate portion 
32 of the housing while the annular intermediate por 
tion 42 of the diaphragm is secured to the right hand 
end of‘ the exhalation valve 13, for purposes that will 
subsequently appear as the description proceeds. Rela 
tive pressure in the closed chamber 40 prevents improper 
functioning and chatter of the exhalation valve, also the 
use of the dual diaphragm 15 provides means forming a 
concentric ?oating connection between the outer enlarged 
intermediate portion 32 of the housing 2 and the in 
wardly spaced inwardly extending extension 36 of the 
outer end 4'of the tubular stem portion 5 of the casing 
2. This supports the exhalation valve 13 in a resilient 
?exible concentric spaced ?oating relation to the exhala— 
tion valve seat 24 and in radially spaced relation to the 
housing (except at the valve seat 24) and forms damping 
means to prevent chatter of the inhalation, exhalation 
valve structure, the spaced relation between the exhala 
tion valve 13 and the vcasing 2 reducing to a minimum 
extent the danger of moisture accumulation and freezing 
of the movable, parts which might cause malfunctioning 
of the assembly. ' ' 

The concentric diaphragmportions or rings 28 and‘ 
29 are molded from rubber-like material and are very 
thin and substantially semicircular in cross sectionsin 
planes perpendicular to the plane of the diaphragm and 

. transverse to its periphery. 
, As before mentioned the inturned ?ange 37 forms an 
annular spring seat while the retainer ring 18a forms a 
second valve seat. A light coil spring 43 under compres~ 
sion is seated at one end against the ?ange 3-7 and its 
opposite end against the retainer ring 18“. The spring 43 
is preferably somewhat hour glass in shape, gradually 
reduced in diameter from both ends toward its center 
and has the e?ect of biasing the exhalation valve 13 into 
closed position against the circular seat 24. 
An important feature of the construction lies in the 
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chamber, plus a pressure increment su?icient to overcome 
the biasing means 43. 
The inhalation valve diaphragm 16 is preferably molded 

of light ?exible rubber-like material and is formed with 
an annular U-shaped ?exing ring 45 as shown on Figure 3. 

In the inhalation cycle‘ the" exhalation valve portion 13’ 
remains on its seat 24 and theinhalation valve diaphragm 
16 unseats, the peripheralportion 21 leaving the'seat 22, 
and oxygen from the inhalation chamber 9' enters through 
the exhalation chamber into the mask 8 for inhalation by 
the wearer. ' 

The closed pressure or balancing chamber 40' was for 
merly under :balancedpressurewith the oxygen pressure 
in the inhalation chamber through’ the restricted com 
municating port 41; so vthat upon inhalation when a reduc 
tion in the oxygen pressure in the inhalation chamber oc 
curs the pressure in the chamber 40 can not escape im 
mediately and assists in retaining the exhalation valve 13 
on its seat. 
When exhalation from the wearer of the mask 8 occurs. 

the ?apper inhalation valve 12-16 closes as pressure 
builds up in the exhalation chamber moving the exhala 
tion valve 13' to the right’ as shown in Figure 3 to dis 
charge through the ports 25 to the ambient air. Simul-‘ 
taneously, pressure in the pressure chamber 40 leaks 
through port 41 which causes damping‘ action of the 

~ exhalation valve against vibration and chatter. 
When pressure in the exhalation chamber 10 is reduced 

' sufficiently the spring 43 plus the pressure admitted 
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through the restricted port 41 into the closed chamber 
and effective on the outer diaphragm ring 28 seats the 
exhalation valve 13 again. 

Since the outer ring diaphragm apex is the same di 
ameter as the valve seat 24, the'oxygen pressure in'the 
chamber 40 and pressure within the mask 8 are always 
balanced or returned to balance. ' 
When the wearer exhales the pressure trapped in the 

pressure chamber 40‘ retards the movement of the ex 
halation valve to exhalation position as the pressure in 
the chamber 40 leaksolf into the inhalation chamber. 
This dampens the movement of the exhalation valve and‘ 
eliminates chatter or flutter. The degree of damping can 
belcontrolled by the size of the port 41‘ 
The embodiment of the invention herein shown and’ 

'describedis to be regarded as illustrative only and it is 
to be understood that the invention is susceptible of 
variations, modi?cations and changes within the scope’ 

- of the appended claims. 

50 

55 

60 

way the valve assembly is always completely pressure ~ 
compensated throughout all pressure ranges and is bal-' 
anced by the dual diaphragm ring 15 and the pressure in 
the closed chamber 40 in restricted communication with 
the oxygen intake or supply passage 44. g _ 

It should be observed that the e?ective area of the ex 
halation valve 13 in the exhalation chamber 10 is that 
area con?ned by the valve seat 24. The effective area on 
the opposite side of the exhalation valve 13 in the in 
halation chamber 9 and in the'chamber 40 is equal to 
theetfective area of the exhalation valve in the exhalation 
chamber. Since these two areas are equal, a pressure in, 
the exhalation chamber su?icient to open the exhalation 
valve?rnust be, as great, as the pressure in the inhalation 
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I claim: 
1. A compensated inhalation and exhalation valve as 

sembly for pressure breathing in a high altitude mask 
comprising; a housing having inhalation and exhalation 
chambers and an inner tubular extension extending into 
said inhalation chamber and an exhalation port connect 
ing said exhalation chamber with the ambient air, a di 
viding wall separating said inhalation and exhalation 
chambers, said dividing wall including an, exhalation valve 
operating to open and close said exhalation port, the 
effective area of said exhalation valve in said exhalation 
chamber being equal to the eifective area of said exhala 
tion valve in said inhalation chamben'biasing means con 
nected to said exhalation valve and said housing for clos 
ing said exhalation port, said dividing Wall further in 
cluding an inhalation valve, the exhalation pressure neces~ 
sary to open said exhalation valve against the‘ forces 
of said biasing means is equal to the pressure entering 
thevalve assembly plus a pressure increment su?icient to 
overcome said biasing means, said housing having a closed 
chamber formed with a restricted port opening into said 
inhalation chamber, an inner annular ?exible diaphragm 
connected between said inner tubular extension of said 
housing and said exhalation valve forming an inner ?exi? 
ble ring shaped closure for said closed chamber, andv 
an outer concentric ring shaped ?exible diaphragm con 
nectedbetween. saidhousing and said exhalation valve 

4-... 
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forming an outer ring shaped ?exible closure for said 
closed chamber. 

2. Apparatus as claimed in claim 1 in which both of 
said ring shaped diaphragms are U-shaped in cross sec 
tion, formed with the eifective pressure area of the outer 
ring shaped diaphragm open to ambient air through said 
exhalation port equal the opposing pressure on the outer 
ring shaped diaphragm in the inhalation chamber, and 
the effective pressure area on the inner ring shaped dia 
phragm within said closed chamber equals the opposing 
effective pressure area on the inner ring shaped diaphragm 
in the inhalation chamber. 

3. A compensated inhalation and exhalation valve as~ 
sembly for pressure breathing in a high altitude mask, 
comprising; a housing, said housing having inhalation 
and exhalation chambers and a port connecting the ex 
halation chamber with the ambient air, valve means in 
said housing separating said chambers, said valve means 
including an exhalation valve for opening and closing 
said port, biasing means connected to said exhalation valve 
and said housing for closing said exhalation valve, said 
exhalation valve having opposed surfaces, one surface in 
each chamber, and including a rigid tubular support por 
tion and an inner ring shaped diaphragm and an annular 
concentric outer ring shaped diaphragm, the inner periph 
ery of the inner ring shaped diaphragm and the outer 
periphery of the outer ring shaped diaphragm being 
secured to said housing to form a closed pressure chamber, 
within said inhalation chamber, said housing having a 
restricted communication port between said closed pres 
sure chamber and said inhalation chamber for restric 
tively bleeding inhalation pressure between the closed 
pressure chamber and the inhalation chamber, an inhala 
tion valve between said exhalation chamber and said in 
halation chamber for admitting gas from said inhalation 
chamber into said exhalation chamber, said ring shaped 
?exible diaphragms both being. semicircular in cross sec 
tion in planes perpendicular to the planes of the rings 
and transverse to the periphery of the tubular portion of 
the exhalation valve with the inner periphery of the outer 
ring shaped diaphragm and the outer periphery of the 
inner ring shaped diaphragm connected in sealed rela 
tion to said rigid tubular support the e?ective area of 
said outer ring shaped diaphragm and the effective area of 
the surface of exhalation valve in the inhalation cham 
ber being equal to the effective area of the exhalation 

and said exhalation valve is ?exibly supported between 
the exhalation chamber and the inhalation chamber by 
the said inner and outer ring shaped diaphragms inter 
mediate the respective inner periphery of the outer ring 
diaphragm and the outer periphery of the imter ring dia 
phragm. 
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valve in the exhalation chamber whereby the exhalation ~ 
pressure necessary to open said exhalation valve against 

. the forces of said biasing means is equal to the pressure 
entering the valve assembly plus a pressure increment 
suf?cient to overcome said biasing means, said inner ring 
shaped diaphragm having an e?ective pressure area in said 
pressure chamber equal to the effective pressure area on 
said inner ring diaphragm in said inhalation chamber. 

4. Apparatus as claimed in claim 3 in which the in 
halation valve is wholly supported by the exhalation valve 
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5. Apparatus as claimed in claim 4 in which said bias 
ing means comprises; a light coil compression spring 
having one end engaging said exhalation valve and its 
opposite end engaging said housing with the inner periph 
ery of the inner ring shaped diaphragm surrounding said 
spring in spaced relation thereto intermediate its ends. 

6. Apparatus as claimed in claim 5 in which said 
housing has a tubular concentric extension projecting in 
wardly toward said inhalation chamber forming an an 
nular inner Wall of said pressure chamber and said re— 
stricted pressure relief passage is formed in said annular 
inner Wall establishing restricted communication between 
said inhalation chamber and said pressure chamber, and 
the inner periphery of said inner ring shaped diaphragm 
is ?xed to the projecting end portion of said tubular 
extension. 

7. Apparatus as claimed in claim 6 in which said ex 
halation valve is formed With a tubular extension having 
a communicating inhalation passage therethrough from 
the inhalation chamber into the exhalation chamber hav 
ing an annular concentric inhalation valve seat having 
a diameter equal to the apex diameter of the inner 
U-shaped in cross section ring diaphragm and said in 
halation valve comprises a ?exible resilient diaphragm 
carried by said tubular extension of said exhalation valve 
resiliently seated on said inhalation valve seat closing said 
inhalation passage and opening into said exhalation cham 
ber upon a relative increase in pressure in said inhala 
tion chamber over the pressure in said exhalation cham 
ber. 

8. Apparatus as claimed in claim 7 in which said 
housing is formed with an annular concentric exhalation 
valve seat having a diameter equal to the apex diameter 
of said outer U-shaped in cross section ?exible ring 
shaped diaphragm and said exhalation Valve is \formed 
with an annular ?at valve seat engaging surface disposed 
in a plane perpendicular to the axis of the tubular exten 
sion of the exhalation valve. 

9. Apparatus as claimed in claim 8 in which said inner 
an outer ring shaped ?exible diaphragms are formed 
integral of thin ?exible rubber-like material to constitute 
a dual ?exible double U-shaped in cross section dia 
phragm for closing said pressure chamber having an in 
termediate annular concentric recess portion, and said 
rigid tubular support portion of said exhalation valve 
projects toward said pressure chamber and is seated in 
said intermediate annular concentric recessed portion of 
the dual diaphragm. 

No references cited. 


