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UNITED STATES PATENT OFFICE 
2,439,016 

BREATHENGAPPARATUS 
Philip E. Meidenbauer, Jr., Lancaster, N. Y., as 
signor to Scott Aviation Corporation, Lancaster, 
N.Y., a corporation of New York 
Application October 9, 1943, Seria No. 506,844 

(C. 28-142) 4 Claims. 
1. 

This invention relates to a breathing apparatuS 
or resuscitator for aiding or reviving persons 
whose breathing has either been impaired or 
arrested at ground level or at a high altitude. 

Difficulty in breathing or cessation of breath 
ing is experienced by persons at ground level due 
to shock, or other conditions which affect persons 
unfavorably and it is also experienced by avia 
tors when flying at high altitudes where the oxy 
gen content of the air is low. 
An apparatus of this character should be com 

paratively light, small and portable so that it is 
readily available as a resuscitator which can be 
used advantageously in Oxygen therapy at low 
altitudes and ground level and also used at ex 
tremely high altitudes for maintaining useful 
consciousness where oxygen equipment operating 
at the prevailing barometric pressure has here 
tofore failed to provide sufficient oxygen to sus 
tain life for more than a few minutes. 
The object of this invention is to provide a 

portable resuscitator which is light in weight, 
simple and compact in construction, and depend 
able and uniforn in Operation at extreme ten 
peratures and barometric pressures. 
With a view of overcoming the foregoing ob 

jections and Securing certain advantageous re 
Sults the present invention provides an appara 
tus which embodies these improvements. 
The apparatus functions to produce a changing 

pressure inside the lungs and thus provide an 
artificial method of ventilating the lungs. If the 
user is unconscious, the apparatus functions auto 
matically. If, however, the user is conscious, or 
should begin to breathe, the apparatus does not 
exert any rhythm of its own but instantly follows 
the most minute effort of the user. 
The apparatus is a sensitive valve regulating 

mechanism operating at a low pressure oxygen 
Supply at altitudes, or either oxygen or atmos 
pheric air at ground level. Inconing gas is all 
tomatically valved so that an intermittent posi 
tive pressure is Supplied to the user. Two sepa, 
rate functions, inspiration and expiration, are 
controlled by the use of intermittent positive 
pressure. On inspiration low pressure oxygen is 
allowed to enter the apparatus and pass into the 
face mask. The gas is permitted to flow until a 
predetermined pressure is built up inside the 
apparatus during which time the user becomes in 
flated to a safe maximum pressure. On reaching 
the predetermined pressure the regulating dia 
phragm assembly operates the valving mech 
anism, stopping the incoming gas and opening 
other ports to permit the pressure to drop to a 

incoming gas. 
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pressure nearly that of the atmosphere surround 
ing the apparatus. If the user is conscious and 
starts another inspiration, the pressure inside 
drops to a low critical positive pressure at which 
point the regulating diaphragm again closes the 
outlet ports and opens the inlet valves to the 

If the user is unable to create 
any inspiration effort, the pressure is automat 
ically reduced to the critical low by a bleed valve 
adjusted to reduce the pressure inside the regu 
lator to the critical low positive pressure. Life 
can be maintained with between 4 and 10 auto 
matic cycles per minute. Normal conscious users 
breathe more than 10 cycles per minute. In this 
manner the apparatus follows the normal user 
and functions automatically at a cycle suffi 
cient for maintaining life of the distressed per 
SO. 
This apparatus will maintain life of uncon 

scious victims at extremely high altitudes by fur 
nishing pure oxygen and creating the necessary 
ventiation in the lungs. At altitudes of more 
than 42,000 feet pure oxygen at the pressure of 
the Surrounding atmosphere is not Sufficient for 
life. The positive pressure intermittent regula 
tor of this apparatus maintains useful conscious 
ness 5000 feet to 8000 feet beyond this limit. Used 
as a positive pressure regulator at ground level 
this invention has many unusual uses in Oxygen 
or atmospheric air therapy. Positive pressure is 
the most desirable method of treating War Or in 
dustrial gas victims, pneumonia, and other respir 
atory diseases. 
From the foregoing it will clearly appear that 

this invention not only is useful infurnishing oxy 
gen to a person requiring the same but may also 
be employed in administering other helpful gases 
to a person requiring the same, such, for instance, 
as patients requiring a mild form of therapeutic 
gas, like chlorine, and it is therefore to be under 
stood that in the following description oxygen 
will be referred to generally for convenience in 
description but this term is intended to include 
any other gas which would be beneficial to per 
sons for maintaining life and health. 

In the accompanying drawings: 
Fig. 1 is a top plan view of the apparatus en 

bodying this invention. 
Fig. 2 is a vertical cross section of the same, on 

an enlarged scale, taken on line 2-2, Fig. . 
Fig. 3 is a horizontal section, taken on line 3-3, 

Fig. 2. - 

Fig. 4 is a vertical section, taken on line 4-4, 
Fig. 2. 
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Fig. 5 is a fragmentary section, taken on line 
5-5, Fig. 4. 

Fig. 6 is a fragmentary section, taken on line 
6-6, Fig. 2. 

Fig. 7 is a fragmentary section, taken on line 
7-7, Fig. 2 and showing the toggle mechanism 
in a position in which the diaphragm is moved 
inWardly and oxygen is admitted to the respira 
tion chamber. 

Fig. 8 is a sinilar view showing the toggle 
mechanism in a position in which the diaphragm 
is moved OutWardly and the oxygen intake Valve 
is closed. 

In the following description like reference 
characters indicate the same parts in the several 
figures of the dra Wings. 
In general this invention comprises an auto 

matic intake mechanism whereby oxygen is 
transferred periodically from a source of a supply 
into a respiration chamber, and an automatic 
respiration mechanism whereby live oxygen is 
positively delivered from this chamber to a per 
son and also permitted to freely vent from said 
person and chamber to the atmosphere during 
each cycie of operations. 
The numeral represents the body or housing 

of the apparatus which may be of any suitable 
form but preferably has the general shape of a 
cylinder and provided within its perimeter with 
a respiration chamber having an oxygen inlet 
or intake opening 2 on its underside, a service 
opening 3 adapted to be connected With the per 
son to be served, and a vent outlet adapted to 
communicate With the outer atmosphere. The 
intake port or opening 2 is formed in a tubular 
plug or neck 4 which is adapted to be coupled by 
any suitable means With a Source of oxygen which 
is Supplied under a slight pressure. The service 
opening or gas outlet 3 is formed in a neck 5 
containing a tubular socket 6 which is adapted 
to receive the coupling nozzle of a hose or tube 
forming part of a mask which is applied to the 
face of a person so as to permanently communi 
cate with his mouth and nose or breathing sys 
tem. When the apparatus is not in use the serv. 
ice or respiration opening 3 is closed by a lid 9 
which is connected on one side of its edge by a 
hinge 8. to the neck and yieldingly held in its 
Closed position by a Spring SO as to exclude for 
eign matter from the interior of the instrument, 
as shown in Figs. 1 and 2. 
The flow of oxygen into the respiration cham 

ber is controlled by an air intake valve mecha 
nism which preferably includes an annular valve 
seat 6 arranged within the respiration chamber 5 
around the inner end of the intake port or open 
ing 2, and a disk-shaped valve or closure T ar 
ranged Within this chamber and movable toward 
and from the seat S for opening and closing the 
port 2. This intake valve is mounted on the 
free end of the curved leaf spring 8 which is se 
cured at its fixed end by bolts 8 to the inner 
side of the adjacent part of the body f, as shown 
in Fig. 2. In order to permit the intake valve to 
swivel or tilt on the supporting spring 18 and 
thus adapt itself to the seat 6 for fully engaging 
the same with a leak-tight fit when closed, this 
valve is connected with the spring 8 as follows: 
The numeral is represents a bolt passing in 

Wardly through an opening in the disk valve 
and also loosely through an opening in the free 
end of said spring and having a head 2 at its 
outer end which bears against the outer side of 
the disk valve. A screw nut 2 f is applied to the 
bolt 9 between the disk valve and the sup 

0. 

5. 

4. 
porting spring 8 and the several parts are yield 
ingly held assembled and in centralized position 
relative to each other by a spiral centering Spring 
22 Surrounding the bolt 9 and having its inner 
end secured thereto while its outer end bears 
against the inner side of the Supporting Spring 
f8. By these means the valve 7 is free to rock 
on the supporting head and engage squarely with 
the seat 6 so as to form a tight joint therewith 
but the disk will always remain in a position in 
Which it can freely engage its seat. 
Operating means are provided for alternately 

actuating the intake Valve so as to close the 
same when the pressure within the respiration 
chamber reaches a predetermined pressure and 
to open this valve when the pressure within this 
chamber drops to a predetermined point. In 
their preferred form these operating means are 
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COnstructed as follows: 
The numeral 23 represents a supporting 

bracket Secured horizontally to the upper part 
of the inner side of the rigid transverse wall 
24 of the respiration chamber. Upon this bracket 
is pivoted an elbow lever which turns in a Wer 
tical plane crosswise of the respiration chamber 
and is provided with an upper horizontal arm 25 
and a lower vertical aim 26, as shown in Fig. 2. 
The upper arm 25 is connected by a rod 27 with 
the Spring arm 8 which supports the oxygen 
intake valve so that a rocking movement of 
the elbow lever Will cause this Valve to be opened 
and closed. The lower arm of the elbow lever 
is operatively connected with a toggle mecha 
nism forming part of the means whereby the 

5 intake valve is held at rest during successive 
periods of time in open and closed positions and 
to shift quickly from one of these positions to 
the other during successive cycles of the opera 
tion of this apparatus. In its preferred form this 
toggle mechanism is constructed as follows: 

ihe numeral 23 represents a supporting 
bracket secured to the inner side of the Wall 24 
about midway of its height. Upon the inner part 
of this bracket are mounted, by a pivot pin. 29, 
the opposing ends of Outer and inner toggle men 
bers 30, 3 each of which is preferably of sub 
stantial U form and has the inner ends of its 
arms overlapping those of the other toggle men 
ber, as shown in Fig. 2. The numeral 32 repre 
sents a snap Spring which is connected at its 
opposite ends with the outer parts of the toggle 
members 3, 3 and adapted to move bodily back 
and forth from one side of the axis 29 of these 
toggle members to the other and hold these men 
bers temporarily in a folded position on either 
side of this axis during successive cycles in the 
operation of this apparatus. As shown in Fig. 7 
the toggle members are folded or inclined out 
wardly relative to the wall 24 of the respiration 
chamber and the snap spring 32 is arranged 
bodily below the axis 29 of the toggle members 
and tends to hold these members yieldingly in 
this position. Upon turning the toggle meinbers 
inwardly or away from the Wall 24 the same are 
folded inwardly or toward each other on the 
opposite side of the axis 29, and during this 
movement, the snap Spring 32 is first stretched to 
a greater extent as it approaches this axis and 
then contracts and folds the toggle members 
above this axis, as shown in Fig. 8, and retains 
them yieldingly in this position. Upon turning 
the toggle members OutWardly from the position 
shown in Fig. 7 to the position shown in Fig. 8, 
the action of the snap spring Will be reversed. 
This action of the toggle members and the move 
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ment of the snap spring from one side of the 
toggle axis 29 is repeated at intervals while the 
apparatus is in operation in response to the pres 
sure created in the respiration chamber when 
filling the same with oxygen and the elimination 
of pressure in this chamber When the Oxygen is 
Withdrawn from the respiration chamber. 
Warious means may be employed for connect 

ing the toggle members with the intake valve 7 
so that the latter is opened and closed as the line 
passing through the point of connection between 
opposite ends of the snap Spring and the toggle 
members moves from One side to the other of the 
dead center represented by the fulcrum 29 of the 
toggle members. It is preferable, however, to 
employ for this purpose a shifting rod 33 which 
has one of its ends connected with the lower arm 
26 of the elbow lever while its opposite end is 
connected with a shifting arm 34 projecting lat 
erally from the outer toggle member 30, as shown 
in Figs. 2, 3, 7 and 8. 
By these means the intake valve will be 

opened when the toggle members are folded out 
wardly, as shown in Figs. 2 and 7, and closed 
when these toggle members are folded inwardly, 
as shown in Fig. 8. 
In the absence of any pressure to deflect the 

toggle members inwardly into a position which 
Would close the intake valve 7, these toggle 
members are moved into an outwardly folded 
position by an opening spring 35 which has its 
inner end connected with a pin 36 mounted on 
the inner toggle member 3, as shown in Fig. 4, 
while its outer end is connected with the station 
ary wall 24 of the respiration chamber by adjust 
able tension means whereby the outward pull on 
the inner toggle member for causing the same to 
fold outwardly and open the intake valve T may 
be adjusted as required. These adjusting means, 
as best shown in Figs. 2 and 3, preferably include 
an adjusting spring 37 of leaf form which has 
one of its ends connected with the wall 24 and its 
opposite end connected with the outer end of the 
toggle operating Spring 35, and an adjusting 
screw bolt 38 connecting the intermediate part of 
the adjusting spring 37 with said wall 24. The 
combined resilience of the toggle spring 35 and 
the leaf spring 37 exert a constant outward pull 
on the inner toggle member which tends to fold 
the toggle members in the direction for opening 
the intake valve 7, and the tension of these 
springs may be regulated by turning the adjust 
ing bolt 38 from the exterior of the housing in 
the required direction. 
Turning of the toggle members so that the 

same fold inwardly or in a direction which will 
cause the intake valve 7 to close is effected by 
means Which are responsive to a gas pressure 
within the respiration chamber having reached a 
predetermined degree. These pressure response 
means are preferably constructed as follows: 
The numeral 39. represents a flexible disk 

shaped diaphragm which extends across an open 
ing 40 in that side of the body ?o opposite the 
wall 24 and has its edge secured to the adjacent 
circular outer-side of the body around said open 
ing so that this diaphragm forms a flexible wall 
of the respiration chamber which is exposed on 
its inner side to the pressure of gas within this 
chamber while its outer side is exposed to atmos 
pheric pressure. This diaphragm is protected 
from injury by a perforated guard cap 4 which 
slides onto the periphery of the body to around 
the diaphragm opening 40 thereof, as shown in 
Figs. 1, 3 and 4. 

0. 

6 
Motion is transmitted from this diaphragm by 

a shifting link or arm 42 secured to the central 
part of the inner side of the diaphragm and pro 
jecting inwardly therefrom and having its inner 
end pivotally connected by a pin 43 with the 
inner toggle member 3, as shown in Figs. 2, 3, 4, 
7 and 8. 
Assuming that the pressure within the respira 

tion chamber is low and that the diaphragm has 
been moved inwardly by atmospheric pressure so 
as to fold the toggle members outwardly and Open 

5 

20 

25 

30 

35 

40 

d 5 

60 

the intake valve 7, as shown in Figs. 3, 4 and 7, 
oxygen under pressure Would flow from the 
Supply source into the respiration chamber and 
gradually increase the pressure within the same 
as the volume of gas therein increases. 
The combined resistance of the toggle operat 

ing spring 32, the opening spring 35 and the 
adjustable spring 37 is such that they hold the 
diaphragm. 39 in an inwardly contracted position 
shown in Figs, 3 and 4 until a gas pressure has 
been built up in the respiration chamber to the 
desired degree, say a pressure equal to a height 
of 8 inches of water and then the resistance of 
these spring means is overcome and the dia 
phragm is moved into an outwardly expanded 
position, Whereby the toggle members are moved 
inwardly by the pull of the diaphragm until the 
toggle members have passed the dead centerior 
axis of the pivotal connection between the same 
after which the snap spring 32 quickly completes 
the inward folding movement of the toggle mem 
bers and closes the intake valve so the inflow 
of oxygen into the respiration chamber for that 
cycle is arrested. 
As the oxygen is withdrawn from the respira 

tion chamber by inhalation of the person wearing 
the face mask the pressure within this chamber 
lowers and when this pressure has decreased to 
such an extent that the atmospheric pressure, 
together with the pull of springs 35 and 37, pre 
dominates and causes the diaphragm to be con 
tracted or drawn inwardly and move the toggle 
members outwardly and when the latter have 
passed the dead center the snap Spring 32 in 
stantly assists in completing the outward folding 
movement of the toggle members, Whereby th 
oxygen intake valve f is opened. - 
By the use of the operating spring means, such 

as springs 35 and 37, a constant outward pull is 
exerted on the toggle mechanism which not only 
yieldingly resists the opening movement of the 
intake valve, but also serves to positively hold 
open this valve in case the apparatus becomes 
stalled, thus ensuring a supply of oxygen to the 
person being served notwithstanding any fail 
lure in the normal working of the apparatus. 
Wenting means are provided for automatically 

wenting the respiration chamber to the Outer at 
moSphere periodically which means operate in 
successive cycles varying in length depending on 
whether, the person being served is unconscious 
and unable to assist in the venting operation or 
Whether the person is conscious and able to assist 
in this operation. These venting means in their 
preferred form are constructed as follows: 
The numeral 44 represents a main vent open 

ing or port formed in the rigid wall 24 of the 
respiration chamber and leading from the interior 

70 

75 

of the latter to the external atmosphere. On 
its outer side this wall is provided around the 
vent port with an annular outwardly facing valve 
seat 45, which is adapted to be engaged by an 
exhalation valve 46 of disk form movable toward 
and from this seat for opening and closing the 
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vent port. This exhalation valve is made very 
light so that when the same is free it can be 
moved outwardly easily either solely by the pres- - 
sure of the gas in the respiration chamber when 
the person being served is not breathing, or the 
combined gas pressure of the gas in the respira 
tion chamber and that produced by the exhala 
tion of the person being served, while conscious. 

he exhalation Valve is yieldingly held in its 
closed position by light Spring means Which are 
preferably adjustable and preferably comprise a 
main supporting spring 4 of leaf form connected 
at one end by a screw 43 with the outer side of 
the Wall 24 and having its opposite end bearing 
against the outer side of the exhalation valve 
and provided with an opening 49 which receives 
an outwardly projecting boss 58 on the exhala 
tion valve, as shown in Figs. 4, 5 and 6. The 
resistance of the spring means which yieldingly 
hold the exhalation valve in its closed position 
may be regulated to suit requirements by means 
of an auxiliary leaf spring 5 secured at one end 
to the wall 24 by the screw 48 and bearing at 
its opposite end against the Outer side of the cen 
tral part of the main spring 4 and an adjusting 
screw 52 threaded into the Wall 24 and bearing 
with its head against the auxiliary Spring 5 
between the ends thereof. By tightening or 
loosening the screw 52 the tension of the main 
and auxiliary Springs and 5 may be increased 
or decreased. 
The exhalation valve is provided in its central 

part with a main bleed opening 53, the outer 
end of which is surrounded by an annular valve 
seat 54. Outside of the exhalation valve 48 is 
arranged a bleed valve 55 which is movable to 
ward and from the seat 54 for opening and coS. 
ing the bleed opening 53. This bleed valve is 
mounted on the outer end of a valve stem 56 
which passes loosely through the bleed opening 
53 and has its inner part guided on the bracket 
23 and its inner end arranged to be engaged by 
a tappet 5 projecting laterally from the outer 
toggle member 39 on the inner side of its axis 
29, as shown in Figs. 2, 3, 4 and 7. The bleed 
valve is yieldingly held in engagement with the 
Seat. 54 for closing the bleed opening by Spring 
means which preferably comprise a main leaf 
spring 58 one end of which is secured to the outer 
side of the wall 24 by a screw 59 while its op 
posite end bears against the outer side of the 
bleed valve and is provided With an opening 6 
which receives the Outer end of the valve stem. 
Along the outer side of the main leaf Spring 58 
is arranged an auxiliary leaf Spring 6 which 
is secured at One end to the Wall 24 by the screw 
59 and bears at its opposite end against the main 
Spring 58 between the ends thereof. The ten 
sion of these springs can be adjusted by an aux 
iliary adjusting screw 62 having a threaded con 
nection. With the Wall and bearing With its head 
against the Outer side of the auxiliary adjusting 
spring, as shown in Fig. 5. Upon turning the 
screw 62 in one direction or the other the springs 
58, 6 will be strained more or less and vary the 
resistance to the opening of the bleed valve and 
the exhalation valve accordingly. 
While the diaphragm is contracted or moved 

inWardly the toggle members are in a position 
in which the exhalation valve 46 closes the main 
Went opening 44 in the housing Wall 24 and the 
bleed valve 55 closes the bleed opening 53 in 
the exhalation Valve, these valves being held 
shut by the combined resistance of their respec 
tive closing Spring means, as shown in Figs. 5 

O 
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25 

8 
and 6. At this time the main intake valve 7 
is open admitting oxygen under a slight pres 
sure into the respiration chamber, and if dur 
ing this time the person being served is capable 
of breathing, then some of the oxygen will be 
inhaled from the respiration chamber and sus 
tain the life of this person naturally. If, how 
ever, the person is unconscious and unable to 
breathe, then oxygen under pressure will be 
forcibly delivered from the respiration chamber 
into the lungs of the person being served. As 
Oxygen is delivered either naturally or artificially 
from the respiration chamber to the lungs of the 
person being served, the combined resistance of 
the toggle return Spring 35 and the spring means 
aSSociated with the exhalation valve 46 and the 
bleed valve 55 operate to hold these valves shut 
and to resist the outward movement or expansion 
of the diaphragm. So as to permit the pressure in 
the respiration chamber to build up to a prede 
termined limit. 
While this pressure is gradually building up 

in the respiration chamber the diaphragm effects 
the first part of its outward or expanding move. 
ment without opening the exhalation and bleed 
Valves, but the toggle trip mechanism is actuated, 
and when the toggle members have been moved 
in Wardly beyond the dead center of the snap 
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Spring connection between the same this inward 
folding movement, as before described, is quickly 
completed, thereby permitting the intake valve 

to be closed and the tappet 57 of the outer 
toggle member 38 to engage the valve stem 53 
and move the latter outwardly and thus open the 
bleed valve 55 without, however, opening the 
main exhalation valve 46. 
When this occurs the bleed opening or port 

53 is opened and permits the oxygen to gradually 
eScape from the respiration chamber solely 
through this port if the person being served is 
unable to breathe, and when the pressure in this 
chamber has been lowered to a certain point the 
return Spring 35 operates to contract or draw 
the diaphragm in Wardly and operate the toggle 
mechanism so as to again close the bleed open 
ing 53, thereby beginning another operation of 
automatically feeding oxygen to the respective 
perSon. Like cycles of these operations are re 
peated Successively and continuously so long as 
the apparatus is in use, during each of which 
Cycles oxygen is positively fed to the lungs of 
the perSon and then permitted to discharge to 
the outer atmosphere. 

If, however, the person being served is breath 
ing, although unconscious, an inhalation of the 
lungs Will cause oxygen to be drawn from the 
respiration chamber into the lungs and during 
an exhalation of the lungs the spent gas will be 
discharged into the respiration chamber and 
from thence be discharged through the vent port 
64 to the atmosphere, inasmuch as the exhala 
tion valve at this time is relieved from the pres 
sure of the auxiliary springs 58, 6 and the re 
sistance of the springs 47, 5 is so light that the 
pressure during Such exhalation can easily open 
the exhalation Valve. Assistance of the person 
being served in the operation of this apparatus 
is perceptible even though the breathing of the 
person is very low and in actual experience an 
exhalation of one-quarter inch water pressure 
has been found helpful. 
When this apparatus operates to supply oxy 

gen to a person Who does not assist by breath 
ing, the duration of the cycles of operations is 
comparatively long and slow, but if the person 
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is breathing and assisting the apparatus the 
duration of the cycles of operation is shorter and 
more rapid. The normal period of the breathing 
cycles of a person is usually between 12 and 20 
inhalations and expirations per minute. In the 
assembling of this apparatus the same has been 
timed to effect about 5 to 10 cycles of operations 
per minute and this has proVen Satisfactory in 
supplying sufficient oxygen to revive persons un 
able to breathe and then completing the resto 
ration after such revival. 
In order to enable this apparatus to be used 

most effectively by aviators at different altitudes 
or under other conditions which may vary, it is 
desirable to adjust the mechanism so as to vary 
the duration or cycle of operations to suit par 
ticular requirements or conditions. Adjusting 
means have therefore been provided whereby the 
period or length of each cycle of the operations 
of this apparatus may be regulated. 
Inasmuch as some exhalation or wenting of the 

respiration chamber is necessary in each cycle of 
Operations the main exhalation and bleed valves 
66, S5 are utilized in the present construction for 
effecting the minimum venting of the respiration 
ciamber and these valves therefore have been 
designed to produce a fixed or definite amount of 
ventilation which is never disturbed or changed. 

For the purpose of enabling the speed or dura 
tion of the automatic cycles of operations to be 
adjusted to Suit requirements, the amount of 
venting which is done above that furnished by the 
valves 46, 55 is accomplished by means which are 
preferably constructed as follows: 
The numeral 63 represents a valve plug screwed 

into a threaded opening in the upper part of the 
circumferential wall of the housing and provided 
with an auxiliary bleed port or opening 64 which 
extends from the interior of the respiration cham 
ber to the exterior of the instrument and which 
is provided at its inner end with an inwardly fac 
ing annular valve seat 65 and between its ends 
With an outwardly facing valve seat 66, as shown 
in Fig. 3. . Into the outer part of the plug 63 is 
Screwed a valve stem 67 which is provided at its 
inner end with a regulating valve 68 adapted to 
be adjusted toward and from the outer valve seat 
66 for varying the size or capacity of the port 64 
by turning this valve through the medium of a 
knob 69 arranged on the outer end of this stem. 
After the regulating valve 68 has been adjusted 
into the desired position relative to the seat 66, 
the same is held against movement by a detent 
device consisting preferably of a detent spring 

secured between the housing and the plug 63 
and bearing frictionally against a groove if in 
the knob. 69. Communication between the outer 
part of the bleed opening 64, and the external 
atmosphere is permanently established by one or 
more bypass openings 72 arranged lengthwise in 
the valve stem 6. 
The numeral 73 represents an auxiliary bleed 

Valve Which is movable toward and from the inner 
valve bleed seat 65 for closing and opening the 
auxiliary bleed opening 64. This auxiliary bleed 
waive is secured to a valve stem 74 which is guided 
at its outer end in an axial opening 5 in the 
regulating valve 68 and has its inner end con 
nected by a link 6 with the rock arm 34 of the 
outer toggle member 30. The auxiliary bleed 
valve 3 is yieldingly held in its closed position 
by a spring 7 which preferably has the form of 
a leaf secured at one end to the inner side of the 
body or housing 9 and bearing with its opposite 
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O 
free end against the inner side of the auxiliary 
bleed valve, as shown in Figs. 1 and 3. 
This auxiliary bleed valve 73 controlling the 

adjustable bleed port 64 and the main bleed valve 
55 controlling the non-adjustable bleed port 53 
are closed and opened in unison by the mecha 
nism which actuates them So that communication 
between the respiration chamber and the Outer 
atmosphere is cut off during the initial part of 
the expanding movement of the diaphragm. While 
oxygen under pressure is entering the respiration 
chamber, and the toggle members have moved 
inwardly from their outwardly folded position to 
a point past the dead center of this toggle mecha 
nism, which movement of the parts is addition 
ally resisted by the return Spring 35 and thus 
causes an increase in preSSure of the gas to be 
built up within the respiration chamber beyond 
that, which would exist if Such additional resist 
ance were omitted. After the toggle members 
during this inward movement have passed the 
dead center 29 of this mechanism, the resilience 
of the toggle spring 32 assists the pressure of the 
incoming gas against the diaphragm so as to 
quickly complete the expanding movement of the 
latter as Well as completing the charge of gas 
which is admitted during this cycle of operations. 
During the time that oxygen is entering the 

respiration chamber and accumulating therein, 
Some of the oxygen is forcibly delivered from the 
feed outlet 6 to the person being served without 
any assistance from the latter, if this person fails 
to breathe, and thus maintains the function of 
the lungs until normal breathing has been re 
stored. If, however, the person is not wholly 
unconscious or breathing slightly, this action of 
the person's lungs will assist the Operation of the 
apparatus in supplying sufficient oxygen to main 
tain life and effect ultimate recovery of the full 
function of the lungs. As the diaphragm is com 
pleting its expanding movement both the main 
and auxiliary bleed valves 55 and 3 are opened 
automatically, thereby permitting the oxygen to 
escape slowly through the bleed ports S3 and 64 
from the respiration chamber to the atmosphere 
together with any exhalation from the lungs of 
the person being served. This cycle of Operations 
is repeated continuously and automatically while 
the apparatus is in use. When the main bleed 
valve 55 is open the exhalation valve 46 is re 
lieved from the pressure of the spring means aSSo 
ciated With the main bleed Valve and thus permitS 
the exhalation valve to be opened easily by the 
exhalation pressure of the person being served 
for effecting venting of the Spent gas. 
By adjusting the regulating valve 68 the rate 

of bleeding or discharge of gas from the respira 
tion chamber can be adjusted and thus vary the 
duration of each cycle of operations and the Speed 
of the automatic action to suit the requirement 
of different conditions. 
From the foregoing it will now be clear that 

this apparatus positively feeds oxygen to a person 
who is helpless due to failure of the breathing 
organs and that no negative pressure or Suction 
is exerted on such person at any time, thereby 
aiding the person in recovering the breathing 
function without creating any unfavorable condi 
tion or possible injury to the person which might 
occur if the lungs of the same were Subjected to 
a suction effect. 
Although this device may be used for thera 

peutic treatments, the same was devised more 
primarily for use at high altitudes because a man 
has a very low oxygen tolerance at high altitude 
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with the result that if he should become separated 
from his oxygen Supply for, say, even a minute 
he loses the necessary power in that brief time to 
Connect a breathing equipment with a Source of 
oxygen supply So that he quickly becomes un 
conscious and becomes the responsibility of the 
rest of the crew to revive him by an oxygen supply. 

It is exceedingly difficult to give artificial res 
piration to a victim at high altitude and it is 
therefore necessary, in order to obtain wentilation 
of the lungs, to put this Oxygen into the man 
under a slight positive pressure. In the opera 
tion of this apparatus pressure is built up inside 
the lungs and then allowed to decrease so that 
there is an exchange or total change of air in 
proportion to the size of the man's lungs, for 
example, at 8 inches of Water pressure. It is then 
permitted to drop to a predetermined low of one 
quarter of an inch of water pressure. Providing 
the man makes no effort himself the device Will 
automatically increase the pressure again to the 
8 inches. When it reaches that 8 inches it will 
again return to the Critical low pressure of one 
quarter of an inch. That cycle is repeated auto 
Eatically betWeen 6 and 10 times per minute 
which is sufficient to maintain life. If, however, 
the uSer Starts to regain consciousness or he 
should make any inspiratory effort whatsoever 
he Supplies oxygen himself. From the physio 
logical angle, a man's first effort is always an 
inspiration. Any effort he should make along 
that line the present device will automatically 
follow. The automatic cycle relaxes the moment 
he helps himself and the device follows rather 
than exerts a treatment of its own. A man's 
normal breathing is between 12 and 20 times per 
minute. If any time a man should fail to breathe 
With that regularity or the cycle should become 
less than that and down to this lower frequency, 
Say between 6 and 10, this device automatically 
starts to function. 
This device is primarily designed to overcome 

anoXenia, that is, a shortage of oxygen due to 
any cause. The causes are numerous at high 
altitude. Sudden excitement will cause a man 
to exceed his oxygen tolerance. For instance, if 
a man Were in the mid part of an airplane and 
a man along Side of him is shot, the excitement 
of that incident might so increase the other man's 
functions that he might pass out too. 
At ground level a man requires approximately 

a reserve Supply of oxygen to the extent of about 
600 cubic centimeters of oxygen. The rate of 
consumption of Oxygen by a man is between 3 
to 500 cubic centimeters per minute so that on 
the ground a man has an oxygen tolerance of 
Only a few minutes. At high altitude the tol 
erance becomes much less until at altitudes, for 
example, 35,000 feet, his oxygen tolerance is con 
sidered to be less than 35 seconds. If a man at 
an altitude of 35,000 feet has his apparatus dis 
connected from his source of oxygen for a period 
of between 30 and 60 seconds he no longer has 
the strength to reconnect that apparatus. At 
altitudes of 40,000 feet that is even less possible. 
It has been estimated that 15 to 20 seconds dis 
continuance of oxygen to a man is practically the 
extreme limit if life is to be maintained. 
In case Some member of a flying party or crew 

Should become incapacitated while detached from 
the Source of Oxygen Supply it becomes the duty 
of Some other member of the crew to take his 
station and attach this equipment to the helpless 
man and from there on this apparatus will oper 
ate automatically. The device functions auto 
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matically while the person is unconscious and 
When the man regains consciousness the device 
automatically follows his breathing and makes up 
any deficiency in Oxygen Supply. 
In practice it is planned to equip each airplane 

with a plurality of units embodying this inven 
tion and place them at strategic points through 
out the airplane and SO Organize the present oxy 
gen equipment now in the airplane or make slight 
modifications in the energency Oxygen equipment 
now on the airplane that the present invention 
can be quickly coupled thereto and form a part 
thereof as an acceSSOry. - 
A portable Oxygen Supplying equipment, known 

as “walk-about' units, has been used heretofore 
in case of emergency. This emergency equip 
ment is used by the personnel when they walk 
about the ship to perform any details to which 
they may be assigned. If, for any reason, he has 
to leave his station he uses this emergency equip 
ment. In order to gain the advantages of the 
present invention the same is added to or coupled 
With the emergency equipment already in the 
plane. 
In order to make this emergency equipment or 

“Walk-about' including the oxygen Supply bottles 
in the ship usable in connection. With the present 
invention, means are employed for transferring 
the oxygen at an increased pressure from the 
emergency equipment to the present equipment. 
Any Suitable means may be employed for obtain 
ing this increased gas preSSure. 
Another function. Which the device of this in 

vention performs is that it will maintain useful 
consciousness of a person at altitudes beyond 
42,000 feet. Experimental flights have been 
maintained by persons using this invention at an 
altitude of 50,000 feet Which are impossible With 
ordinary oxygen equipment. When using equip 
ment heretofore on the market, a man Would in 
hale oxygen at the barometric pressure of the 
respective altitude. The equipment embodying 
the present invention renders it possible for a 
man to inhale Oxygen at a pressure greater than 
barometric pressure. It permits a greater and 
more complete ventilation of the lung and the 
greater efficiency of this invention at high alti 
tude nakes possible a much higher ceiling When 
dealing with 8 inches of water pressure. The 
present ceiling of Oxygen equipment is 42,000 
feet, which is the highest practical ceiling so far. 
There have been experiments carried out with 
constant pressure and they have been able with 
constant pressure to attain altitudes of approxi 
mately 50,000 feet. That equipment is good to 
a certain point, but it has disadvantages inas 
much as the man inhales at a pressure of less, 
say normally 8 inches of Water pressure, and he 
exhales at a preSSure of 9 inches and this in a 
Sense is fatiguing. In the device of the present 
invention a man. On inspiration has a positive 
preSSure of approximately 8 inches of Water. On 
the completion of his inspiration the pressure 
rise to the top is about 8 inches and at that par 
ticular point the valve mechanism changes and 
the man exhales against a much lower pressure. 
In other Words, the valves are open to the atmos 
pheric pressure and the result is that the man 
gets aid on inhalation and there is a compara 
tively free exhalation. As a result the man is 
less fatigued when using the present equipment, 
The present resuscitator differs from other 

types of resuscitators on the market in that the 
present resuscitator employs a positive pressure 
at all times, while all other devices of this char. 



2,439,016 
13 

acter first operate with a positive pressure and 
then with a negative pressure. 
At ground level this device can be used with 

either oxygen or atmospheric air or a mixture of 
both. The device may be supplied with a low 
pressure source of gas which may be either pure 
oxygen or atmospheric air or a mixture of at 
mospheric air and oxygen or any other gas that 
may be desirable to stimulate or aid a person. 
It has been known that in Some cases carbon 
dioxide helps stimulate certain nerve centers and 
causes a more rapid recovery. Administering 
carbon dioxide can be readily effected by this 
device. 
Another important use of this instrument is 

for treating pulmonary edema, which is a filling 
up of the lungs with mucous resulting from 
pneumonia, brought on by the irritating effect 
of war gases. One of the War gases "phosgene' 
becomes hydrochloric acid from which the pa 
tient eventually dies by drowning. The only 
successful method of treating various forms of 
pulmonary edema is with the use of positive pres 
sure. Continuous positive pressure alone is fa 
tiguing and difficult on a patient but the pres 
ent device operating intermittently. With a poS 
itive pressure greatiy reduces resistance on ex 
halation and makes possible an easy and com 
plete Cure. 
In the use of positive pressure it is important 

that the positive pressure be not too great be 
cause it causes what is known as “emphysema,” 
that is, a rupturing of the lung and stomach 
tissue and permitting air to enter other parts of 
the. System. -- 

The normal cycle of a breathing operation be 
tween 12 and 20 times per minute, can be main 
tained with between 4 and 5 respirations per 
minute. The ideal maximum pressure for 
ground work is 13 centimeters of water pres 
Su'e. 

From the foregoing it will be evident that the 
apparatus of this invention permits of supply 
ing adequate oxygen to persons at altitudes 
above 42,000 feet, it can also be used as an emer 
gency resuscitation apparatus, and it can also 
be used at ground level for general resuscitating 
purposes and also for administering other gas 
to persons for therapeutic purposes. 
I claim as my invention: 
1. A breathing apparatus comprising a respi 

ration chamber having an intake for gas under 
pressure, a service opening adapted to be con 
nected with the person being served and a vent 
leading to the outer atmosphere, inlet valve 
means which control said intake and which in 
clude an intake valve seat arranged around said 
intake, a Valve movable toward and from said 
intake seat, a diaphragm which is responsive to 
variations in pressure in said chamber, and 
means for transmitting motion from said dia 
phragm to said valve including a toggle mech 
anism having two toggle members which are 
adapted to fold relative to each other alter 
nately on opposite sides of the dead center of 
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Said toggle mechanism, a link connecting one of 
said toggle members with said diaphragm, and 
an intermediate elbow lever having one of its 
arms connected by a shifting rod with the other 
toggle member and having its other arm con 
nected by a shifting rod with said valve. 

2. A breathing apparatus, comprising a respi 
ration chamber having an intake for gas under 
preSSure, a Service opening adapted to be con 
nected With the perSon being served and a vent 75 

14 
leading to the outer atmosphere, inlet valve 
means which control said intake and which in 
clude an intake valve seat arranged around said 
intake, a valve movable toward and from said 
intake seat, a diaphragm which is responsive 
to variations in preSSure in said chamber, and 
means for transmitting motion from said dia 
phragm to said valve including a toggle mecha 
nism having tWotoggle members which are 
adapted to fold relative to each other alter 
nately on opposite sides of the dead. Center of 
said toggle mechanism, a link connecting one of 
said toggle members with said diaphragm, an 
intermediate elbow lever having one of its arms 
connected by a shifting rod with the other toggle 
member and having its other arm connected by 
a shifting rod with said valve, and a return 
Spring whereby said toggle members are turned 
in a direction opposite to the pull of said dia 
phragm. 

3. A breathing apparatus comprising a respi 
ration chamber having an intake for gas under 
pressure, a Service opening adapted to be con 
nected with the person being served and a vent 
leading to the outer atmosphere, inlet valve 
means which control said intake and which in 
clude an intake Valve seat arranged around said 
intake, a valve movable toward and from said 
intake seat, a diaphragm which is responsive 
to variations in pressure in said chamber, 
and means for transmitting motion from Said 
diaphragm to said valve including a toggle 
mechanism having two toggle members which 
are adapted to fold relative to each other al 
ternately on opposite sides of the dead center 
of said toggle mechanism, a link connecting one 
of said toggle members with said diaphragm, an 
intermediate elbow lever having one of its arms 
connected by a shifting rod with the other toggle . 
member and having its other arm connected by 
a shifting rod. With said valve, a return spring 
whereby said toggle members are turned in a di 
rection Opposite to the pull of Said diaphragm, 
and a detent Spring Connected with said toggle 
members and yieldingly holding them in a folded 
position on one side or the other of said toggle 
mechanism. 

4. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
Service opening for communication. With the per 
Son to be served and means for venting said 
chamber to the outer atmosphere including a 
main vent port formed in a wall of said chanibel, 
a main valve controlling said main port and pro 
vided with a bleed opening, a bleed valve con 
trolling Said bleed opening, spring means for 
yieldingly holding said main valve in its closed 
position, Spring means for yieldingly holding said 
bleed valve in its closed position and also aiding 
in holding said main valve shut, and operating 
means which are responsive to the pressure of 
the gas in the chamber and which operate to 
open said bleed Valve independently of said main 
Valve. 

5. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
Service opening for communication with the per 
Son to be. Served and means for venting said 
chamber to the outer atmosphere including a 
main vent port formed in a wall of said chamber, 
a main valve controlling said main port and pro 
vided with a bleed opening, a bleed waive con 
trolling said bleed opening, spring means for 
yieldingly holding said main valve in its closed 
position, Spring means for yieldingly holding said 
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bleed valve in its closed position and also aiding 
in holding said main waive shut, and operating 
means which are responsive to the pressure of the 
gas in the chainber and which operate to open 
said bleed valve independently of said main valve, 
each of said spring means including a main leaf 
spring engaging the respective Valve, an aux 
iliary leaf spring engaging the main leaf Spring, 
and an adjusting screw engaging the auxiliary 
leaf spring. 

6. A breathing apparatus comprising a cham 
ber having an intake for gas under preSSure, a 
service opening for communication with the per 
son to be served and means for venting Said 
chambar to the outer atmosphere including a 
Inalin went port, formed in a wall of said chamber, 
a main valve controlling said main port and 
provided with a bleed opening, a bleed valve 
controlling said bleed opening, Spring means for 
yieldingly holding said main valve in its closed 
position, Spring means for yieldingly holding 
said bleed valve in its closed position and also 
aiding in holding Said main valve shut, and 
operating lineans which are responsive to the 
pressure of the gas in the chamber and whicii 
operate to open said bleed Valve independently 
of said main valve, Said operating means in 
cluding a waive stem connected with said bleed 
valve, a diaphragm responsive to the pressure 
of gas in said chamber, and means for trans 
mitting notion from Said diaphragm to said valve 
stem including toggle members which are fold 
able relative to one another alternately on op 
posite sides of the dead center of these members, 
a link connecting one of Said toggle members 
with Said diaphragm, and a tappet arranged on 
the other toggle member and adapted to engage 
said valve stern. 

7. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
Service opeiaig adapted to Connimunicate with 
the perso; being Served, and means for Venting 
Said chamber including a vent port ieading from 
said chamber to the Outer atmosphere and hav 
ing an inner control valve seat and an outer 
regulating Valve seat, a valve plug screwed into 
the Outer part of Said port and having a regul 
lating waive movable toward and from said regu 
lating valve seat and also provided with a by 
pass opening, a control valve movable toward 
and from Said control valve seat, a valve stem 
carrying said control valve and guided on said 
valve piug, and actuating ineans which are re 
Sponsive to increase and deci?ease of pressure in 
said chamber and which are connected with said 
Valve stem. 

8. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
Service. Opening adapted to Communicate With 
the person being served, and means for venting 
said chamber including a vent port leading from 
said chamber to the outer atmosphere and hav 
ing an inner control valve seat and an Outer 
regulating Valve seat, a Waive plug screwed into 
the outer part of said port and having a regul 
lating valve movable toward and from said regu 
lating valve seat and also provided with a by 
pass opening, a control valve riovable toward 
and from said control waive seat, a valve Stein 
carrying said control waive and guided on said 
Valve plug, and actuating means which are re 
sponsive to increase and decrease of preSSuite in 
said chamber and which are connected with said 
valve stem including a toggle mechanism one 
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member of which has an arm operatively con 
nected with said valve stem. 

9. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
service opening having means for connection 
with a person to be served, and a vent leading 
from said chamber to the Outer atmosphere; and 
a valve device for controlling said went which 
is responsive to pressure variations in said cham 
ber and which includes a non-positively operat 
ing exhalation valve adapted to open said vent, 
and having a bleed opening, a positively operated 
bleed valve which is adapted to open said bleed 
opening, spring means for directly holding said 
exhalation valve yieldingly in a closed position, 
and spring means for directly holding said bleed 
valve yieldingly in a closed position and indi 
rectly assisting in holding said exhalation valve 
yieldingly in a closed position. 

10. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
service opening having means for connection with 
a person to be served, and a vent leading from 
said chamber to the outer atmosphere; and a 
Valve device for controlling said vent which is 
responsive to pressure Variations in Said chamber 
and which includes a non-positively operating 
exhalation valve adapted to open said went and 
having a bleed opening, a positively operated 
bleed valve which is adapted to open said bleed 
Opening, Spring means for directly holding said 

35 

40 

50 

55 

60 

65 

70 

75 

exhalation valve yieldingly in a closed position, 
and Spring means for directly holding said bleed 
valve yieldingly in a closed position and indirectly 
assisting in holding said exhalation valve yield 
ingly in a closed position, and said exhalation 
Valve being openable independently of said bleed 
Valve after the latter is opened. 

11. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
Service opening adapted to be connected with a 
person to be served, and a vent leading from 
said chamber to the outer atmosphere, actuating 
means which are responsive to variations of pres 
sure in said chamber, and a valve device for 
Controlling said Went including a positively op 
erated bleed valve which is shifted by said ac 
tuating means, and a non-positively operated 
valve which is actuated by the exhalation of the 
person being served. 

12. A breathing apparatus comprising a cham 
ber having an intake for gas under pressure, a 
Service opening adapted to be connected with a 
person to be served, and a vent leading from 
said chamber to the outer atmosphere, actuating 
means which are responsive to variations of pres 
Sure in said chamber, and a valve device for 
controlling said Went including a non-positively 
Operating exhalation valve adapted to be opened 
by the exhalation of the person being served and 
having a bleed opening, and a positively operated 
bleed valve which is moved by said pressure re 
sponsive actuating means for opening said bleed 
Opening. 

13. A breathing apparatus comprising a cham 
ber having a gas intake, a service opening which 
is open constantly and adapted to communicate 
With the person being served, and Wenting means 
leading from said chamber to the outer atmos 
phere, actuating means which are responsive to 
variations in pressure in said chamber, manually 
adjustable valve means for controlling a part of 
Said went means, and non-adjustable valve means 
which control another part of said valve means 
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and are moved by said pressure responsive actuat 
ing means. 

14. A breathing apparatus comprising a cham 
ber having a gas intake, a service opening which 
is open constantly and adapted to communicate 
With the person being served, and venting means 
leading from said chamber to the outer atmos 
phere, actuating means which are responsive to 
variations in pressure in said chamber, manually 
adjustable valve means for controlling a part of 
said Went means, non-adjustable valve means 
which control another part of said valve means 
and are moved by said pressure responsive ac 
tuating means and intake valve means which 
control the intake of said chamber and which 
are moved by Said pressure responsive actuating 
eaS. 
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