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1 
This invention relates to breathing masks and 

more particularly to oxygen masks having valve 
systems for pressure breathing. 
This invention may be found of value not only 

in the ?eld of aeronautics, where it may become 
necessary for an aviator to use oxygen, but also 
in the administration of other therapeutic gases 
including air, in conditions where intra-tracheal 
or intra-pulmonary pressures are indicated, as, 
for example, the relief of asthmatic choking, pul 
monary edema, or unrelieved pressure on the 
middle ear. 

Accordingly, it is a primary object of this in 
vention to provide a new and improved breathing 
mask. 
Another object of the present invention is to 

provide a new and improved valve system in'oxy 
gen masks for pressure breathing. 
Another object is to provide an efficient and 

automatically adjustable balanced valve for ex 
hausting the expired gases in a pressure oxygen 
supplied gas mask. 
Other and more speci?c objects will appear in 

the following detailed description of one illustra 
tive form of device built in accordance with the 
present invention, having reference to the accom 
panying drawings wherein: 

Fig. l is a partly diagrammatic illustration of 
a preferred embodiment of the invention; and 

Fig. 2 is a perspective view of this embodiment 
of a gas mask incorporating the novel balanced 
valve system of the invention. 

Referring now to the drawings for a more com 
plete understanding of the invention, in which 
like reference characters are used throughout to 
designate like parts, and in particular to Fig. 2 
thereof, the mask generally designated 23 is ob 
served to have an inlet portion I!) connected by 
duct portion II to a conduit 6 which it is under 
stood is connected to a suitable source of gas 
under pressure, not shown. The collar I2 of con 
duit 6 slips over the neck of duct portion I I, Fig. 1, 
forming a substantially hermetical seal therewith. 
The mask includes a nasal passage portion 8. 

Particular reference is made now to Fig. 1, a 
cross sectional view of a mask similar to that of 
Fig. 2. The duct I8 disposed within the afore 
mentioned nasal passage portion 9 conducts gas 
under pressure from inlet chamber I5 to a check 
or one-way valve 8 mounted in a base I3, which 
is preferably composed of rubber, and is located 
in wall 24, the direction of gas flow being indi 
cated by the arrows. Gas, after passing through 
valve 8, is breathed in by the person wearing the 
mask. 
The mask has an exhaust valve mounted with 

in aperture 20 in a central supporting portion 
thereof. The valve comprises a housing gen 
erally designated by the reference numeral 4, 
having an annular recessed portion I9 for receiv 
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2 
ing the lip 2|, and being maintained in place 
thereby. Around the periphery of the housing 4 
are exhaust apertures 22 for the escape of used 
gases into ori?ce portion I6 and thence from 
vent I‘I, Fig. 2, and the housing has a short pipe 
portion 1 extending through hole or aperture III. 
Means, not shown, may be provided for insuring 
that the pipe portion ‘I forms a hermetical seal 
with the wall of the hole I4 through which it 
extends. 
Disposed within the housing 4 is a cell or bel 

lows generally designated 3, having ?exible wall 
portion 5, and having a lip 2, which, when the 
bellows is expanded, presses against the adjacent 
lip I of the housing, forming a substantially her 
metical seal therewith. 
In the operation of the above described appa 

ratus, the pressure of gases breathed out by the 
person wearing the mask causes the bellows to 
contract, and the gases escape through the open 
ing thereby caused between aforementioned lips 
I and 2, the direction of movement of this gas 
being indicated by the arrows within the housing, 
Fig. 1. 
The areas of the lip I, and of the lip or lid 2 

of the compensating cell 3, are so adjusted that 
when the same pressure is applied to both sides 
of the valve it remains closed with a slight force; 
but when the pressure on the bottom of the valve 
(or the upper side as viewed in Fig. 1) exceeds 
the pressure in cell 3 by a few tenths of an inch 
of water, the valve opens. 
To make possible an increase in mask pressure 

without a simultaneous increase in the compen 
sating cell pressure, which would prevent the 
valve opening, ‘the aforementioned inlet check 
valve 8 is installed in the mask near the region 
01” the duct I8 designated I0, terminating the 
aforementioned inlet duct I8 from the breathing 
tube 6. 

In the manufacture of balanced valves of the 
type herein employed, it may be preferable to 
use an integrally formed bellows or a simple 
diaphragm. Where a bellows is employed, it is 
desirable that the e?ective area of the bel 
lows wall should not change too much with 
the valve opening, and that the bellows be not 
too stiff. It may be desirable to use a light 
spring, not shown, for urging the valve closed, 
or to omit the mechanical spring if the initial 
compression of the bellows or other pressure re 
sponsive element provides some closing force on 
the lip which controls the valve opening. The 
dimensions of the frame or housing 4 may, of 
course, be varied to suit the mask; the diameter 
of the valve itself should be adequate to permit 
rapid exhalation without excessive resistance. 

In the design of the mask, the relation be 
tween the excess pressure in the mask and the 
rate of exhaust ?ow depends on and may be con 
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trolled in various ways by several factors; the 
differential or unbalanced area affected by pres 
sures on the two sides of the valve; the spring 
loading, if any; the annular area of the valve lid 
or lip outside the valve seat area; the clearance 
between the valve lid and the adjacent portions 
of housing 4; and the position and area of the 
exhaust vents. 
The apparatus of the subject invention is es 

pecially well adapted for use where the delivery 
pressure from the oxygen pressure regulator, not 
shown, is very small or even slightly negative 
with respect to the ambient atmosphere. In this 
condition, which is frequently employed in 
aeronautics, the regulator is adjusted not for 
pressure breathing, but only to supply oxygen 
upon demand, 1. e., upon a slight suction. The 
differential area acted upon by the suction tends 
to open the valve, and it is desirable to provide 
a mechanical loading, not shown, (e. g., a spring, 
or resilience of the pressure responsive element), 
sufficient to hold the valve closed under the op 
erating suction. 
In the construction of the apparatus, the check 

valve 8 should preferably be of a type which 
inakes a positive seal; leakage may cause the 
pressure in the delivery tube and compensating 
cell to build up, preventing the opening of the 
balanced exhaust valve. A rubber ?ap valve, 
_with a slight positive opening pressure, is in 
dicated as probably the best type. 
The above described apparatus, then, embodies 
the aforedescribed advantages of the inven 

tion. The exhaust valve has a compensating 
cell or bellows, actuated by the delivery pres~ 
sure, holding the valve closed. Upon exhalation, 
a check valve in the delivery line prevents the 
exhaled gas from raising the pressure in the de 
livery tube and compensating cell, while the pres~ 
sure in the mask rises slightly, forcing the ex 
haust valve open. Compression of the compen 
sating cell or bellows 3 by the opening of the 
exhaust valve does not increase the pressure in 

. it signi?cantly, since it is connected to the much 
larger volume of the delivery tube and regulator, 
and the regulator, not shown, preferably has an 
elastic wall. 

Obvio ly many modi?cations and variations 
\ of the present invention are possible in the light 
of the above teachings It is therefore to be 
understood that within the scope of the ap 
pended claims the invention may be practiced 
otherwise than as speci?cally described. 
This invention may be manufactured and used 

by or for the Government of the United States 
of America for governmental purposes without 
the payment of any royalties thereon or therefor. 
What is claimed as new and desired to be se 

cured by Letters Patent of the United States is: 
l. A pressure breathing gas mask comprising 

a suitable casing having an opening for applica— 
tion to the face of the breather and gas inlet and 
outlet passages, a check valve in said inlet open 
ing inwardly and a balanced valve comprising a 
bellows having a ?exible wall in said outlet re 
sponsive to a pressure differential between the 
pressure in said inlet passage and the pressure 
in said outlet. 

2. A gas mask having an inlet and outlet, a 
delivery passage connected to said inlet, a check 
valve in said inlet opening inwardly, and a bal 
anced valve comprising a bellows having a flex 
ible wall in said outlet responsive to pressure in 
said delivery passage for freely opening when 
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4 
ever the pressure in the gas mask is slightly 
raised over that in the delivery passage. 

3. A gas mask having a single breathing cham 
ber with a delivery passage and an exhaust pas 
sage, a check valve in said delivery passage and 
a pressure controlled exhaust valve in said ex 
haust passage, a pressure cell comprising a bel 
lows having a flexible wall for normally closing 
said exhaust valve in response to pressure in 
said delivery passage, said bellows providing 
light resilient means for urging the exhaust valve 
into a closed position whereby the valve will main 
tain its seat when the pressures are equalized and 
will open upon a slight increase in the pressure 
in the gas mask over that in the delivery pas 
sage. 

4. In a pressure gas mask having a gas supply 
conduit, an outlet for the exhaled gases to the 
atmosphere having a balanced valve comprising a 
bellows having a flexible wall, means for apply 
ing the pressure in the supply conduit to said 
bellows to urge said valve in a closing direction, 
said flexible wall normally furnishing an addi 
tional light resilient force to said valve in the 
closing direction. 

5. In a pressure gas mask, a breathing cham 
ber for direct communication with the mouth and 
nose of the breather, an inlet chamber communi 
eating with the gas supply, an outlet chamber 
communicating with the atmosphere, an inlet 
check valve between said inlet chamber and said 
breathing chamber normally held closed by a 
light spring, an outlet valve between said breath 
ing chamber and said outlet chamber normally 
held closed by light resilient means, said resilient 
means comprising a bellows having a ?exible 
wall, and additional closing pressure means con 
nected to said inlet chamber, whereby to main 
tain the differential opening pressure of said out 
let valve substantially constant regardless of 
pressure variations in said inlet chamber. 

6. In a pressure gas mask, a breathin cham~ 
ber, an inlet chamber connected to the gas sup-— 
ply, an outlet chamber opening into the at 
mosphere, an inlet check valve between said inlet 
chamber and said breathing chamber, an outlet 
valve between said breathing chamber and said 
outlet chamber normally held closed by light re 
silient means and having a movable valve element 
comprising an end wall of an expandable cham 
ber connected to the inlet chamber, said end 
wall being exposed on its inner side to the pres 
sure in the inlet chamber and on its outer side 
to the pressure in the breathing chamber, said 
resilient means comprising a bellows having a 
?exible Wall. 

7. In a pressure gas mask, a breathing 
chamber, an inlet chamber connected to the 
gas supply, an outlet chamber opening into the 
atmosphere, an inlet check valve between said 
inlet chamber and said breathing chamber, and 
an outlet valve between said breathing chamber 
and said outlet chamber normally held closed 
by light resilient means and having a movable 
valve element exposed on its outer side to the 
pressure in the inlet chamber and on its inner 
side to the pressure in the breathing chamber, 
said resilient means including a bellows having 
a ?exible wall, the area of the movable element 
exposed to the pressure in the inlet chamber 
being slightly greater than that exposed to the 
breathing chamber when the valve is closed, 
whereby equal pressures on opposite sides of said 
valve will normally maintain it in the closed posi 
tion. 
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8. A pressure breathing gas mask comprising a 
suitable casing having a chamber for applica 
tion to the face of the breather and gas outlet 
and inlet passages ‘connecting with said chamber, 
a check valve mounted in said inlet passage and 
opening inwardly while the pressure in said inlet 
passage exceeds the pressure in said chamber, 
and a balanced valve in said outlet passage Ire 
sponsive to a pressure dillerential between the 
pressure in said chamber and the pressure in 
said inlet passage. 

9. A gas mask having means forming a breath— 
ing chamber and an inlet and outlet for the 

chamber, means forming a gas delivery connected to said inlet, a check valve in inlet opening inwardly into the chamber, and a 

balanced valve in said outlet responsive to a pres 

sure differential between a first pressure in breathing chamber and a second pressure in said 

gas delivery passage, said balanced valve constructed and arranged to open outwardly 

from the breathing chamber when the ?rst pres 
sure exceeds the second pressure by a prede-~ 
termined amount. 

10. A mask according to claim 9 wherein said 
balanced valve comprises a flexible member of 
predetermined dimensions whereby the relative 
areas thereof exposed to the ?rst and second 
pressures provide for valve operation responsive 
to the pressure differential. 

11. A gas mask comprising a suitable casing 
having a chamber for application to the face of 
the breather and gas outlet and inlet passages 
connecting with said chamber, a check valve 
mounted in said inlet passage and opening in 
wardly while the pressure in said inlet passage 
exceeds the pressure in said chamber, and a dif 
ferential pressure operated balanced valve in said 
outlet passage and communicating with said inlet 
passage, said balanced valve comprising a mow 
able member of predetermined dimensions where 
by the relative areas thereof exposed to the pres 
sures in the chamber and inlet passage pro 
vide for opening the balanced valve outwardly 
to permit the escape of gas when the pressure 
diiferential reaches at least a predetermined 
value. 

12. A gas mask having a single breathing 
chamber with a delivery passage and an exhaust 
passage, a check valve in said delivery passage 
and a differential pressure controlled exhaust 
valve in said exhaust passage, means connecting 
said exhaust valve with the delivery passage, 
said exhaust valve including light resilient means 
for urging the exhaust valve into a closed posi 
tion whereby the exhaust valve will maintain 
its seat while the pressures in the chamber and 
delivery passage are equalized and will open to 
permit the escape of gas upon a slight increase in 
the pressure in the breathing chamber over that 
in the delivery passage. 

13. In a pressure gas mask having a gas supply 
conduit, an outlet for the exhaled gases to the 
atmosphere having a balanced valve connected to 
the gas supply conduit and responsive to a pres~ 
sure differential between the pressure in the mask 
and the pressure in the supply conduit, said bal 
anced valve including means for applying the 
pressure in the supply conduit to the outside of 
said valve to urge said valve in a closing direc 
tion, said balanced valve including means nor 
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mally furnishing an additional light resilient 
force to said valve in the closing direction. 

14. In a pressure gas mask for use with a gas 
supply, means forming a breathing chamber for 
direct communication with the mouth and nose 
of the breather, an inlet chamber communicating 
with the gas supply, and an outlet chamber com 
municating with the atmosphere; an inlet check 
valve between said inlet chamber and said 
breathing chamber normally held closed by a 
light spring; and a differential pressure oper 

outlet valve between said breathing cham 
ber and said outlet chamber normally held closed 
by light resilient means, said outlet valve includ 
i " additional closing pressure means connected 
to said inlet chamber whereby to maintain the 
differential opening pressure of said outlet valve 
substantially constant regardless of pressure 
variations in said inlet chamber. 

15. In a pressure gas mask for use with a gas 
supply, means forming a breathing chamber, an 
'nlet chamber connected to the gas supply, and 
an outlet chamber opening into the atmosphere; 
an inlet check valve between said inlet chamber 
and said breathing chamber; and a diiferential 
outlet valve between said breathing chamber and 
said outlet chamber normally held closed by light 
resilient means and having a movable valve ele 
ment exposed on its inner side to the pressure in 
the inlet chamber and on its outer side to the 
pressure in the breathing chamber; and adapted 
to open the valve to permit the escape of gas 
when the pressure in the breathing chamber ex 
ceeds the pressure in the inlet chamber by a pre 
determined amount. 

16. In a pressure gas mask for use with a gas 
supply, means forming a breathing chamber, an 
inlet chamber connected to thegas supply, and 
an outlet chamber opening into the atmosphere; 
an inlet check valve between said inlet chamber 
and said breathing chamber; and a differential 
outlet valve between said breathing chamber and 
said outlet chamber normally held closed by light 
resilient means and having a movable valve ele 
ment exposed on its outer side to the pressure in 
the inlet chamber and on its inner side to the 
pressure in the breathing chamber, the area of 
the movable element exposed to the pressure in 
the inlet chamber being only slightly greater than 
that exposed to the breathing chamber when 
the valve is closed, whereby quick opening is ob 
tained when exhaling in the breathing chamber 
increases the pressure therein over the pressure 
in the inlet chamber. 

WILLIAM A. WILDHACK. 
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