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2,867,227 
DIFFERENTIAL PRESSURE GAS SUPPLYING 

APPARATUS 

Philip E. Meidenbauer, Jr., deceased, late of Lancaster, 
N.Y., by Lois W. Meidenbauer, executrix, Lancaster, 
N. Y., assignor to Firewel industries, Buffalo, N. Y., a copartnership 

Application March 1, 1954, Serial No. 413,305 
19 Claims. (C. 137-64) 

This invention relates to a differential pressure gas 
supplying apparatus and more particularly to such appa 
ratus designed for use by high altitude aviators for main 
taining the suit pressure in a so called partial pressure 
suit also known as a Henry suit. In the preferred form 
of the invention the apparatus also supplies oxygen for 
respiration at a predetermined minimum pressure and 
also applies this minimum pressure to the exterior of the 
respiratory organs through a so called belly bladder. 
In flying at high altitudes, the pressure of 3.4 p.s. i. a. 

(pounds per square inch absolute) represents a critical 
value below which the aviator cannot go without pressure 
protection for his body since below this 3.4 p. s. i. a. a 
person's blood will boil at normal temperatures. 3.4 
p. S. i. a. corresponds to an altitude of about 35,000 
feet. This protection can be provided by a pressurized 
cabin for the airplane or by a so called full pressure 
suit or capsule which is in the form of a gas tight bag or 
capsule maintained at a minimum pressure of 3.4 
p. S. i. a. This protection, in the practice of the present 
invention can also be provided by a so-called partial 
pressure or Henry Suit. Such a partial pressure suit is 
in the form of a restraining garment having an inflatable 
bladder over the aviator's stomach area in which the 
pressure can be the same as in the mask from which the 
aviator withdraws oxygen for respiration, i. e. 3.4 
p. S. i. a. The remainder of the suit, particularly around 
the arms and legs, include cords which alternately loop 
around the body and an inflatable tube. Increasing the 
gas pressure within the tube draws the body loop more 
tightly about the body so as to increase the restraining 
pressure. No restraining pressure is required until an 
altitude is reached which corresponds to 3.4 p. s. i. a. 
Above this altitude a suit pressure in the tubes of the 
Suit is required which corresponds to a differential be 
tween the 3.4 p. s. i. a. minimum pressure and the 
ambient pressure. Thus the suit pressure should be the 
minimum pressure of 3.4 p. s. i. a. plus about four 
times the difference between this 3.4 p. s. i. a. and any 
lower ambient pressure, the specific apparatus herein 
after described being calculated to provide a suit pres 
sure, at lower than 3.4 p. s. i. a. ambient pressures, 
equal to five times this pressure of 3.4 p.s. i. a. less 
four times the lower ambient pressure. 

It is also desirable to provide apparatus which in addi 
tion to providing suit pressure at a differential between 
such constant minimum pressure and ambient pressure 
also Supplies gas at such constant minimum pressure for 
application to the belly bladder protecting the external 
parts of the respiratory organs of the user and also to 
Supply such gas in the form of oxygen at such constant 
minimum pressure for inhalation by the user. 
Also while no harm results from applying suit pressure 

before mask and belly bladder pressure, harm can result 
from applying mask and belly bladder pressure before 
Suit pressure. Accordingly where both mask pressure and 
suit pressure is applied by the apparatus it is important 
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2. 
to provide apparatus insuring that there is no mask or 
belly bladder pressure without suit pressure. 

It is accordingly an object of the present invention to 
provide a differential pressure gas supplying apparatus 
which supplies gas at a constant predetermined minimum 
pressure of, say 3.4 p.s. i. a. and at a predetermined 
differential between this minimum pressure and ambient 
pressure, say, at a pressure equal to five times this mini 
mum pressure less four times any lower ambient pressure. 
Another object is to provide such apparatus which can 

be used, in aviation, for supplying Suit pressure alone 
or suit pressure in combination with oxygen for inhala 
tion by the user. 
Another object, where both suit pressure and oxygen 

for respiration is supplied, is to provide apparatus in 
which the supply of oxygen under pressure for inhalation 
is a function of supplying suit pressure so that with no 
suit pressure there can be no mask or inhalation oxygen 
pressure. 
Another object is to provide such apparatus which is 

rugged and sturdy and reliable in operation and at the 
same time is very sensitive in its response. 

Other objects and advantages of the invention will be 
apparent from the following description and drawings in 
which: 

Fig. 1 is a central longitudinal section through one 
form of apparatus embodying the present invention and 
adapted to supply oxygen to a mask at a constant mini 
mum pressure which can also be maintained in the belly 
bladder and which also provides a suit pressure at a 
differential between ambient and this constant minimum 
pressure when this constant minimum pressure becomes 
greater than ambient pressure. 

Fig. 2 is a view similar to Fig. 1 and showing a modi 
fication in which oxygen for breathing is not provided. 

Fig. 3 is a view similar to Fig. 1 and showing a modi 
fied form of the invention which functions to produce the 
same results as the apparatus shown in Fig. 1. 

FIG. 1 
In the form of the invention shown in Fig. 1, the 

numerals 5, 6, 8, 9 and 10 represent a succession of sec 
tions of a casing or housing which can be of cylindrical 
form and with the circular sections having the central 
parts of their opposing faces recessed to provide a suc 
cession of diaphragm chambers within the casing. These 
chambers are completed by diaphragms indicated gen 
erally at 11, 12, 13 and 14, the marginal part of the 
diaphragm is being clamped between the marginal 
opposing faces of the casing sections 5, 6; the marginal 
part of the diaphragm 12 being clamped between the 
marginal opposing faces of the casing sections 6, 8; the 
marginal part of the diaphragm 13 being clamped be 
tween the marginal opposing faces of the casing sections 
8, 9; and the marginal part of the diaphragm 14 being 
clamped between the marginal opposing faces of the 
casing sections 9, 10. The succession of casing sections 
5, 6, 8, 9 and 10 with their so intercalated diaphragms 
11, 12, 13 and 14 can be fastened together in any suit 
able manner. W 

A constant pressure chamber 15 is defined by the end 
casing Section 5 and the diaphragm 11. An ambient air 
pressure chamber 16 is defined by the casing section 6 
and the diaphragm 11. An ambient air pressure cham 
ber 18 is defined by the casing section 6 and the dia 
phragm 12. A suit pressure chamber 19 is defined by . 
the casing section 8 and the two diaphragms 12, 13. An 
ambient air pressure chamber 20 is defined by the casing 
Section 9 and the diaphragm 13. An ambient air pres 
sure chamber 21 is defined by the casing section 9 and 
the diaphragm i4, A mask pressure chamber 22 is 



defined by the end casing section 10 and the diaphragm 
14. --- 

The pressure in the constant pressure chamber 15 is 
maintained at a constant pressure of, say, 3.4 p. s. i. a. 
by a regulating device indicated generally at 24. Ambient 
air pressure is maintained in the ambient air pressure . 
chamber 16, by a bore or passage 25 providing.com 
munication between the chambers 16 and 18. Ambient 
air pressure is maintained in the ambient air pressure 
chamer 18 (and through 25 in 16) by a bore or passage 
26 extending through the rim of the casing section 6 to 
the exterior thereof. Suit pressure is maintained in the 
suit pressure chamber 19 by a connection 28 to the suit 
of the aviator. Ambient air pressure is maintained in 
the ambient air pressure chamber 20 by a bore or passage 
29 extending through the rim of the casing section 9 
to the exterior thereof. Ambient air pressure is main 
tained in the ambient air pressure chamber 21 by a bore 
30 through the casing section 9 and establishing com: 
munication between the chambers 20, 21. Mask pressure 
connection 31 to the mask of the aviator. It will particularly be noted that the diaphraghs 12, 
13 have substantially the same effective area but that the 

times the effective area of either of the diaphragms 12, 13. 
The constant pressure regulator 24 is preferably con 

structed as follows: . . . . - 
The numeral 32 represents a passage or hole in the 

casing section 5 and establishing continuous communi-- 
cation between the constant pressure chamber 15 and 
the interior chamber 35 of the pressure regulator 24. 
Chamber 35 is enclosed by a cup-shaped housing 33 hav 
ing its rim secured, as by screws 34, to the exterior end 
face of the end casing section 5 to provide a chamber 
35 communicating with the passage 32. One side of this 
cup-shaped housing 33 is thickened to provide a boss, 
36 having a through bore 38 in which a fitting 39 is 
screwed. This fitting connects with a, say, 50 p.s. i. g. 
(pounds per square inch gage) oxygen line 40 and a 
plug or restriction 41 in the fitting 39 provides a con 
stant size orifice 42 which permits, say, 20 cubic centi 
meters per minute to flow from the 50 p.s. i. g. oxygen 
line 40 into the chamber 35. This chamber 35 is in 
constant communication with the constant pressure cham ber 15 through a bore or passage 32. 
A sealed bellows member or aneroid 45 is arranged 

in the chamber 35. This aneroid has a corrugated tubular 
wall. enclosed by end heads one of which is secured to 
the end face of the end casing section 5 while the op 
posite end head, designated at 46, forms a valve head 
arranged to seat against the end of a tubular adjusting 
stem, 48. This tubular adjusting stem is in the form of 
a screw having an axial through bore 49 and screwed 
into a threaded hole 50 in the cup-shaped casing 33 and 
which hole alines with the axis of expansion of the 
aneroid 45. - - 

Oxygen under a pressure of, say, 50 p.s. i. g. is also 
Supplied under control of a demand valve indicated gen 
erally at 51 to the Suit pressure chamber 19. This de 
mand valve is shown as comprising a metal valve seat 
disk 52 which is provided with a coaxial conical through 
opening 53 and can be press fitted into a recess 54 in 
one side of the suit pressure chamber 19. The metal 
valve seat 52 is interposed between the suit pressure 
chamber and an oxygen supply bore or condiut 55 into 
the outer end of which is screwed the fitting 56 of a 
Supply of oxygen under, say, 50.p.s. i. g. pressure. The 
metal valve disk 52 is provided on its side facing the bore 
55 with a rubber facing or disk 58. - . 
The valve head is in the form of a cup 60 with an 

axially extending rim 61 seated on the rubber facing 58. 
In the valve head 60 is anchored a valve stem or rod 
62 which projects through the openings 59 and 53, and 
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is established in the mask pressure chamber 22 by a 

4. . . -- 
has its rounded head 63 arranged in close proximity to 
the center of a metal disk 64 mounted centrally on the 
diaphragm 12. r 

It will be noted that the axis of the entire demand 
valve 51 is tipped with reference to the plane of the 
diaphragm plate 64. The movable parts of the demand 
valve are preferably yieldingly held in this tipped posi 
tion, which is mean to the valve seat disk 52 and its 
rubber facing 58, by a spiral compression return spring 
65, the small end of which bears against a small collar 
66 press fitted on the rod-62 while its large end bears 
against the valve seat disk 52. 
Oxygen under the same assumed pressure of 50 p.s. i. g. 

is also supplied under control of a demand valve indicated 
generally at 51a to the mask pressure chamber 22. The 
cxygen is supplied to this demand valve through a screw 
fitting 56a at the end of the oxygen supply line and 
screwed into a bore or conduit 55a in the end casing sec 
tion 10. Except for size and location, the demand valve 
51a is identical with the demand valve 51 and hence 
the same reference numerals have been used and dis 
tinguished by the suffix "a" and the description of this 
second demand valve is not repeated. Its rounding end 

diaphragms 11, 14 are of larger effective area, the area 25 
of each of the diaphragms 11, 54 being preferably five 

63a is arranged in close proximity to the center of a 
metal disk 64a mounted centrally on the diaphragm 14. 
The numeral 68 represents a motion transmitting device 

or relay for transmitting motion from the large diaphragm 
11 to the small diaphragm 12, this relay operating (when 

30 

... the openings 59 and 53 into the suit pressure chamb 
40 

adapted to engage that face of the diaphrag 
encloses the chamber 18. A larger disk 

45 

50 

55 

at the center of the casing section 9 and having, within - 
60 

65 

70 

75. 

the larger diaphragm is moved to the left by the constant 
pressure assumed to be 3.4 p.s. i. a. in the chamber 15 
preponderating over the ambient air pressure in the cham 
ber 16) to first engage and then 'm move the diaphragm 12 
to the left thereby to move the stem 62 of the demand 
valve 51 to the left so as to cock its valve head '60 
on the rubber facing 58 of the valve seat 52 and permit 
the flow of 50 p.s. i.g. oxygen from the inlet fitting 56 
and bore 55 past the cocked valve head 60 and through 

This motion transmitting device or relay 68 is shown 
as comprising a stem 70 arranged in an oversize hole 71 
at the center of the casing 6 and having, within the 
ambient air pressure chamber 18, a disk-like head 72 

secured to the stem 70 by means of a screw 74, or in any 
other suitable manner. The larger disk or end head 73 is 
held in engagement with that face of the diaphragm 11 
which encloses the ambient air pressure chamber 16 by 
a spiral compression spring 75. The large end of the 
spiral compression spring is seated in a recess 76 in the 
casing section 6 and its small end bears against the end 
head or disk 73 of the relay or motion transmitting device 
68. : ..." - - - . . . - . . . . . - - ‘. . . . . . . - 

A generally similar relay or motion transmitting device 
78 is operatively interposed between the diaphragms 13 
and 14. This motion transmitting device 78 is generally 
similar to the motion transmitting device 68 and is shown 
as comprising a stem 80 arranged in an oversize hole 31 

the ambient air pressure chamber 20, a disk-like head 82 
adapted to engage that face of the diaphragm 13 which en 
closes the chamber 20. A larger disk or head 83 is se 
cured to the stem 80 by means of a screw 84 or in any 
other suitable manner. The smaller disk or end head 82 
is held in engagement with that face of the diaphragm 13 
which encloses the ambient air pressure chamber 20 by a 
spiral compression spring 78. The large end of the spiral 
compression spring is seated in a recess 86 in the casing 
section 9 and its small end bears against the end head or 
disk 82 of the relay or motion transmitting device 78. 

Operation-Fig. 1 
With the form of the invention shown in Fig. 1, oxygen 

is supplied to the mask of the aviator in response to his 
demand. Thus the medium pressure oxygen from the 
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supply line fitting 3éa to the bore 55a presses against the 
cup-shaped valve head 60a and holds its rim 6ia firmly 
against the rubber facing 586 of the valve seat disk 52a. 
Accordingly the stem or rod 62a of this valve is held in 
a position perpendicular to this valve seat disk. In this 
position the rounded end 63a of this valve rod or stem 
is held in closely spaced relation to the center of the metal 
plate 64a on the diaphragm 14 on the side of this dia 
phragm enclosing the mask pressure chamber 22. 
When the user of the mask inhales, the pressure in the 

mask is reduced and through the connection 31 to the 
mask the pressure in the mask pressure chamber 22 is re 
duced. Since ambient air pressure is impressed on the 
side of the diaphragm 14 forming the ambient air pressure 
chamber 21, this reduction in pressure in the chamber 22 
moves the diaphragm 14 to the left and causes its plate 
64a to contact and tip the stem 62a of the demand valve 
laterally to the left. This tips the cup-shaped valve head 
60a laterally and hence separates one side of the rim 6a 
of the valve head from the rubber facing 58a and permits 
the moderate pressure oxygen to escape through the valve 
openings 59a, 53a into the mask pressure chamber 22. 
This oxygen is inhaled by the user. 

After the inhalation is complete, the pressure in the 
mask pressure chamber 22 rises, through the admission of 
moderate pressure oxygen past the demand valve 51a as 
above described, to the value of the pressure exerted 
against the side of the diaphragm 14 remote from the 
mask pressure chamber 22. When this counter-pressure 
against the diaphragm 14 is exceeded by the rising pres 
sure of oxygen in the mask pressure chamber 22, the dia 
phragm 14 moves to the right. This moves the metal plate 
64a out of contact with the free end 63a of the valve stem 
62a and permits the valve parts to assume the closed posi 
tion shown. 
firmly closed by the static pressure of the oxygen supply 
until the user again inhales to repeat the cycle just de 
scribed. 
At the altitude at which the aneroid 45 becomes opera 

tive, and at all higher altitudes, this aneroid maintains a 
constant pressure in the chamber 35 and hence, through 
the opening 32, in the constant pressure chamber 15. It 
will be assumed that this constant pressure is 3.4 p.s. i. a. 
this being close to the lowest limit which can be safely 
applied to the outside of the human body. This constant 
pressure is determined by the internal pressure in the en 
closed or sealed aneroid 45 and the setting of the drilled 
screw 48. 
Thus oxygen is supplied at the assumed 50 p.s. i. g. 

pressure through the fitting 39 to the restricted orifice 42. 
This crifice is proportioned to admit, say, 20 cubic centi 
meters per minute to the chamber 35. When the pressure 
being built up in the constant pressure chamber 35 ex 
ceeds the internal pressure of the aneroid 45 it contracts 
this aneroid axially until its end 46 moves away from the 
end of the adjusting tube or screw 48. When this occurs 
the oxygen escapes through the bore 49 of the screw 48 
until the pressure in the chamber 35 falls to such value as 
to permit the internal pressure in the aneroid 45 to ex 
pand the aneroid axially and engage the screw end 48 to 
again seal the escape passage 49. The constant pressure 
so maintained in the chamber 35, through the passage 32 
is maintained in the constant pressure chamber 15 and is 
impressed against the right hand side of the diaphragm 11. 
When the airplane reaches an altitude of about 35,000 

feet the ambient pressure drops to the 3.4 p.s. i. a. Ac 
cordingly at any altitude above this 35,000 feet, the dia 
phragm li is positioned to the left since constant pressure 
of 3.4 p.s. i.a. is maintained in the chamber 15 at one side 
of this diaphragm while the ambient pressure in the cham 
ber 16 on the other side of this diaphragm is below this 
value. With the continued movement of the diaphragm 
11 to the left, the relay or motion transmitting device 68, 
comprising the end plates 72, 73 connected by the stem 

In this position the valve head 60a is held 
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the diaphragm 12. This continues until the plate 64 ori 
this diaphragm 12 engages and moves to the left the free 
end 63 of the stem 62 of the demand valve 51. This tips 
the cup-shaped valve head 60 laterally and hence sepa: . 

F. rates one side of the rim 61 of the valve head from the 
rubber facing 58 and permits the moderate pressure oxy 
gen to escape through the valve openings 59, 53 into the 
suit pressure chamber 19. 
When the suit pressure in the chamber 19 rises, through 

such admission of moderate pressure oxygen past the de 
mand valve 51, to a sufficient value, the diaphragm 12 is 
moved by this rising pressure in the chamber 19 to the 
right until it releases the free end 63 of the demand valve 
51 and permits this demand valve to close and cut off the 
further admission of moderate pressure oxygen from the 
fitting 56 to the suit pressure chamber 19. 
The demand valve 51 so closes when the suit pressure 

in the chamber 19 builds up to a predetermined differ 
ential between the constant pressure of 3.4 p. s. i., a. 
maintained in the constant pressure chamber 15 and 
the ambient pressure maintained in the ambient pres 
sure chambers 16 and 18. This differential is deter 
mined by the relative effective sizes of the diaphragms 
11 and 12, as measured by the areas of their plates 
73 and 64 respectively plus a portion of the unsupported 
areas of these diaphragms between these plate and the 
surrounding casing. It will be seen that the suit pres 
sure maintained in the suit pressure chamber 19 by the 
demand valve 51 equals five times the constant pres 
sure of 3.4 p. s. i. a. maintained in the chamber 15 
less four times the ambient pressure maintained in the 
ambient pressure chambers 16, 18. Since the demand 
valve can only be effective after the ambient pressure 
drops below 3.4 p.s. i. a., this formula is only effective 
when ambient pressure is below the constant pressure 
maintained in chamber 15. It will be seen that this 
equation of suit pressure (chamber 19) being equal to 
five times the constant pressure (chamber 15) less four 
times the ambient pressure (chambers 16 and 18) is de 
rived from the fact that the constant pressure (chamber 
15) is impressed on the full area of the diaphragm 11, 
the effective pressure area of which is assumed to have 
a unit value of five whereas the ambient pressure (cham 
ber 16) impressed on the opposite side of this diaphragm 
11 having such effective unit area of five is countered 
by the ambient pressure (chamber 18) impressed against 
the diaphragm 12 having an effective unit area of one. 
So long as the airplane is at an altitude less than 

35,000 feet with an ambient pressure greater than 3.4 
p. s. i. a. the demand valve 51a is opened and closed 
only in response to the respiratory demand of the user. 
as first above described. When, however, this altitude 
is exceeded, the constant 3.4 p. s. i. a. pressure main 
tained in chamber 15 preponderates over the ambient air 
pressure in chambers 16, 18 to move the diaphragm , 
12 to the left and to tip and open the demand valve 51. 
The rising pressure in the suit pressure chamber 19 caused 
by so opening the demand valve 51 effects a movement 
to the left of diaphragm 13. Through the relay compris 
ing the plates 82, 83 and their connecting pin 80, this 
moves the diaphragm 14 to the left to tip and open the 
demand valve 51a. This demand valve admits moderate 
pressure oxygen to the mask pressure chamber 22, regard 
less of the respiratory demand, so as to maintain a mini 
mum pressure of 3.4 p.s. i.a. in this mask pressure cham 
ber 22. 

It will be seen that at all times the demand valve 51a. 
maintains a minimum mask pressure in the mask pres 
sure chamber 22 of 3.4 p.s. i. a. due to the ratio of the 
sizes of the various diaphragm plates and to the fact 
that this 3.4 p.s. i. a. is assumed to be maintained in the 
constant pressure chamber 15. Thus the effective area of 
the diaphragm 14 is five times the effective size of the 
diaphragm 13 whereas the effective area of the diaphragm 70, is moved to the left to contact and move to the left 75 is is five times the effective size of the diaphragm 12: 
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and ambient pressure is between the pairs of diaphragms 
11, 12 and 13, 14 with a constant pressure against the far. 
side of the diaphragm 11 and a regulated suit pressure 
between the diaphragms 12, 13. With the ratio of sizes : 
assumed it will be apparent that while the suit pressure in 
the suit pressure chamber 19, will be five times the asstimed 
constant pressure of 3.4 p. S. i.a. (chamber 15). less 
four times the ambient pressure. (chambers 16, 8) this 
suit pressure will also be five times the mask. pressure 
(chamber 22) less four times the ambient pressure 
(chambers 21, 20). Accordingly, when ambient pres 

0. 

sure is below the constant pressure in chamber 15, the 
mask pressure (chamber 22) will always equal the pres 
sure in this chamber 15 and since this latter is assumed 
to be 3.4 p.s. i. a., a minimum constant pressure of 3.4 
p.s. i. a. will always be maintained in the mask pressure 
chamber 22 so that a supply of oxygen is always available 
at this minimum pressure for inhalation. Of course, the 
pressure in the mask pressure chamber 22 goes below this 
minimum pressure of 3.4 p.s. i.a. each time the user-in 
hales, this reduction in pressure serving to move the di 
aphragm 14 to open the demand valve 51a and admit the 
quired amount of oxygen to supply each inhalation de 
mand of the user. . 

FIG. 2 
In the form of the invention shown in Fig. 2, the nu 

meral 90 represents a casing or housing which can be of 
cylindrical form the interior chamber 91 of which is a 
suit pressure chamber. From this chamber 9, Suit pres: 
sure is maintained by a connection 92 in the assumed : 
partial pressure suit (not shown) of the aviator. The 
casing 90 is open-ended and at one end is provided with 
an enlarged recess 93 around the chamber 91 in which 
the marginal part of a diaphragm 94 is placed. At its 
other side this casing. 90, is provided with an enlarged 
recess 95 around the chamber 91 and in this enlarged 
recess is fitted the marginal part of a diaphragm 96. The 
marginal part of the diaphragm 96 can be held in the 
recess 95 by the axially extending rim 98 of a cover or 
cap 99, which can be press fitted in the recess 95 thereby 
to forman ambient air pressure chamber 100 between 
this cover or cap 99 and the diaphragm 96. Ambient air 
pressure is maintained in the ambient air pressure cham 
ber 100 by a vent 101 through the cap or cover 99. 
The marginal part of the diaphragm 94 can be held 

in the recess 93 by the axially extending rim 103 of a 
cover or cap. 4, which can be press fitted in the recess 

cap. 104 and the diaphragm 94. A 
his chamber 105, through a passage or hole 106 in the 

COver or cats 104, by a regulating device indicated gener 

ice 24 in the form of the invention shown 
accordingly the same reference numerals. 

regulating device 24b is not repeated, reference being 
made to the description of the regulating device 24. 
Oxygen under an assumed pressure, of say, 50 p.s. i. g. 

is supplied under control of a demand valve indicated 
generally at 51b. to the suit pressure chamber 91. The 
oxygen is supplied to this demand valve through a screw 
fitting 56b at the end of the supply line and screwed into 
a bore or conduit 55b in one side of the casing 90. The 
demand valve 51b is identical with the demand valve 
51 in the form of the invention shown in Fig. 1 and hence 
the same reference numerals have been used and dis 
tinguished by the suffix "b" and the description of this 
demand valve 51b is not repeated. : 
The rounding end.63b of the stem 62b of this demand 

valve 51b is arranged in close proximity to the center of 
a disk 110 secured to the corresponding face of the dia 
phragm 94. A similar disk 111 is secured to the opposite 

a constant pressure chamber 105 be 
, say, 3.4 p.s. i.a. is maintained in 

This regulating device is identical to the 

oyed, and distinguished by the suffix "b.” 
tion of the construction and parts of the 
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8. 
face of this diaphragm 94 and these disks are fastened by 
one or more screws 112 which extend through these disks. 
and the diaphragm 94 and anchor in one or more spacers 
113 arranged in the suit pressure chamber 91. The oppo 
site end of each of the spacers 113 bears against a disk 
114 which engages the corresponding face of the dia 
phragm 96. A disk 115 is disposed against the opposite 
face of this diaphragm 96 and these disks 14, 115 are 
fastened by a screw 116, which extends through these disks. 
and the diaphragm.96 and anchor in the corresponding 
spacer 113. It will be seen that by the connection of the 
diaphragms 94, 96 through the connector or spacer 113. 
these diaphragms are compelled to move together. It is 
an important feature of the invention that the effective 
unit area of the diaphragm 94 as measured by the area of 
either disk 110 or 111 is five whereas the effective area 
of the diaphragm 96 as measured by the area of either 
disk 114 or 115 is four. 

It will be noted that in this form of the invention oxy 
gen is not supplied for breathing. 

Operation-Fig. 2 
A constant pressure is maintained in the chamber 35b 

and hence, through the opening 106, in the constant pres 
sure chamber 105. It will be assumed that this con 
stant pressure is 3.4 p.s. i. a. As with the form of the 
invention shown in Fig. 1, this constant pressure is deter 
mined by the internal pressure in the enclosed or sealed 
aneroid 45b and the setting of the drilled screw 48b. 
The oxygen at, say 50 p.s. i.g., supplied through the 

fitting 39b to the restricted orifice 42b is passed by this 
orifice at say 20 cubic centimeters per minute to the 
chamber 35b. When the pressure being built up in this 
constant pressure chamber 35b exceeds the internal pres 
sure of the aneroid 45b it contracts this aneroid axially 
until its end 46b moves away from the adjusting tube 
or screw 48b. When this occurs the oxygen escapes 
through the bore 49b of the screw 48b until the pressure 
in the chamber 35b falls to such value as to permit the 
internal pressure in the aneroid 45b to expand the aneroid 
axially, and engage the screw end 48b to again seal the 
escape passage 49b. The constant pressure so maintained 
in the chamber 35b, through the passage 106, is main 
tained in the constant pressure chamber 105 and is im 
pressed against the right hand side of the diaphragm 94. 
When the airplane reaches an altitude of about 35,000 

feet the ambient pressure drops to the assumed 3.4 
p. S. i. a. Then for any altitude above 35,000 feet the 
diaphragms 94, 96 move to the left since a constant pres 
sure of 3.4 p.s. i. a. is maintained in the chamber 65 at 
one side of the diaphragm 94 while the ambient pressure 
in the chamber 100 on the other side of the diaphragm 
96 is reducing below this value. With the continued 
movement of the diaphragms 94, 96 to the left, the 
plate 10 on the diaphragm 94 engages and moves to the 
left the free end 53b of the stem 62b of the demand 
valve 51b. This tips the cup-shaped head 60b laterally 
and hence separates one side of the rim 61b of the valve 
head from the rubber facing 58b. and permits the medium 
pressure oxygen to escape through the valve openings 
59b, 53b into the suit pressure chamber 91. 
When the suit pressure in the chamber 91 rises, through 

such admission of moderate pressure oxygen past the 
demand valve 5Ab, to a sufficient value, the diaphragm 
94.96 are moved by this rising pressure in the chamber 9, . 
to the right, until the diaphragm 94 releases the free end 
63b of the demand valve 51b and permits this demand 
valve to close and cut off further admission of moderate 
pressure oxygen to the suit pressure chamber 92. 
The demand valve 51b so closes when the suit pressure 

in the chamber 9i builds up to a predetermined differen 
tial between the constant pressure of 3.4 p. s. i.a. main 
tained in the constant pressure chamber 105 and the 
ambient pressure maintained in the ambient pressure 
chamber 100. This differential is determined by the rela 
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tive effective sizes of the diaphragm 94 and 96. It will 
be seen that the suit pressure maintained in the suit 
pressure chamber 91 by the demand valve 51b equals five 
times the constant pressure maintained in the chamber 
105 less four times the ambient pressure maintained in the 
ambient pressure chamber 100. Since the demand valve 
5b can only be effective after the ambient pressure drops 
below 3.4 p. s. i. a., this formula is only effective when 
ambient pressure is below the constant pressure main 
tained in chamber 105. It will be seen that this equation 
of suit pressure (chamber 9) being equal to five times 
the constant pressure (chamber 105) less four times 
the ambient pressure (chamber 100) is derived from the 
fact that the constant pressure (chamber 105) is im 
pressed on the full area of the diaphragm 94, the effective 
pressure area of which is assumed to have a unit value 
of five whereas the ambient pressure (chamber 38) is 
impressed as a counter against the diaphragm 96 having 
an effective unit area of four. 

FIG. 3 

In the form of the invention shown in Fig. 3 the nu 
merals 120, 21, 122 and 123 represent a succession of 
sections of a casing or housing each of which can be of 
cylindrical form. The section 122 defines a constant pres 
sure chamber 124 which is completed by a pair of dia 
phragms 125 and 126 the marginal parts of which are dis 
posed against the axially facing faces at the rim of the 
casing section 122. The marginal part of the diaphragm 
125 is held against the casing section 122 by the end 
casing section 123 and the marginal part of the diaphragm 
126 is held against the casing section 122 by the casing 
section 12. The casing sections 121, 123 are secured 
together to hold the marginal parts of the diaphragms 
125, 126 in compressive relation with the casing section 
122 by a plurality of screws 128. V 
A circular plate 129 is secured to the diaphragm 125 

centrally on its side opposite the constant pressure cham 
ber 124. Similarly a disk or plate 130 is secured cen 
trally to that face of the diaphragm 26 which forms the 
constant pressure chamber 124. Preferably the dia. 
phragms 125 and 26 and the disks 129 and 130 are of 
the same effective size. 
The pressure in the constant pressure chamber 124 is 

maintained at a constant pressure of, say, 3.4 p. s. i. a. 
by a regulating device indicated generally at 24c and 
which is constructed generally similarly to the pressure 
regulating device, Fig. 1. The numeral 131 represents 
a fitting having an externally threaded neck screwed into 
a-threaded hole through one side of the casing section 22 
so that this neck is in communication with the constant 
pressure chamber 124. The fitting 131 enlarges and is 
formed to provide a circular flat face 132 at one side. 
A passage 133 extends from this flat face 132 through 
the neck 131 to the constant pressure chamber 24. 
To this flat face 132 is secured the constant pressure 

regulating device 24c. Since this constant pressure reg 
ulating device, 24c is identical to the constant pressure 
regulating device 24 in the form of the invention shown 
in Fig. 1, the description is not repeated, the correspond 
ing parts of the constant pressure regulating device 24c 
being distinguished by the suffix "c.” 
.The casing section 12 is provided with an end wall 35 

from the central part of which a rim 136 projects axially 
outward. The marginal part of a diaphragm 138 is ar 
ranged against the axially facing end of this rim 136 and 
is held thereagainst by the casing section 420. The rim 
136 of the casing section 21 and the casing section 120 
are held in compressive relation with the marginal part 
of the diaphragm i38 by one or more screws 139 which 
secure the casing sections 120, 12 to each other. The 
diaphragm 138 forms with the wall 135 of the casing sec 
tion 121 an ambient air pressure chamber 140. Ambient 
air pressure is maintained in this ambient air pressure 
chamber 140 by a vent 141 through the rim of the casing 
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section 121. Ambient air pressure is also maintained in 
the chamber 142 between the diaphragm 126 and the 
wall 135 by an opening 143 in this wall 135 and estab 
lishing communication between the chambers 140 
and 42. 
The chamber 145 between the diaphragm 138 and the 

end wall 46 of the casing section 120 is a suit pressure 
chamber. Suit pressure is maintained in this suit pres 
sure chamber 145 by a connection 148 to the suit of the 
aviator. 
Oxygen under a pressure of, say, 50 p.s. i. is supplied 

under control of a demand valve indicated generally at 
5ic to the suit pressure chamber 145. The oxygen is 
supplied to this demand valve through a screw fitting 56c. 
at the end of the oxygen supply line and screwed into a 
bore or conduit 55c in the end casing section 120. The 
demand valve 51c is identical with the demand valve 51 
of the form of the invention shown in Fig. 1 and hence 
the same reference numerals have been used and dis 
tinguished by the suffix "c' and the description of this 
demand valve 5ic is not repeated. The rounding end 
63c of its stem 62c is arranged in close proximity to the 
center of a metal disk 149 secured to the diaphragm 138. 
The numeral 150 represents a motion transmitting de 

vice or relay from the large diaphragm 126 to the small 
diaphragm 138, this relay operating (when the larger 
diaphragm is moved to the right by the constant pres 
Sure assumed to be 3.4 p.s. i. a. in the chamber 124 pre 
ponderating over the ambient air pressure in the cham 
ber 142) to first engage and then move the diaphragm 
138 to the right thereby to move the stem 62c of the 
demand valve 5ic to the right so as to cock its valve head 
60c on the rubber facing 58c of the valve seat or disk 
52c and permit the flow of 50 p.s. i. g. oxygen from 

5 - the inlet fitting 56c and bore 55c past the cocked valve 
head 66c and through the openings 59c and 53c into 
the suit pressure chamber 45. 

This motion transmitting device or relay 150 is shown 
as comprising a stem 151 arranged in an oversize hole 
152 at the center of the wall 135 and having, within 
the ambient air pressure chamber 140 a disk-like head 
i53 adapted to engage that face of the diaphragm 138 
which encloses the chamber 140. A larger disk or head 
154 is secured to the stem 51 by means of a screw 155, 
or in any other suitable manner. The larger disk or head 
154 engages with that face of the diaphragm 126 which 
encloses the ambient air pressure chamber 42. 
A mask pressure chamber 160 is formed between the 

diaphragm 25 and the end wall 161 of the casing sec 
tion 123. Mask pressure is maintained in the mask pres 
sure chamber 160 by a connection 162 to the mask of the 
aviator. Oxygen under the same assumed pressure of 50 
p. S. i. is also supplied under control of a demand valve 
indicated generally at 5id to the mask pressure chamber 
169. The oxygen is supplied to this demand valve 
through a screw fitting 56d at the end of the oxygen sup 
ply line and screwed into a bore or conduit 55d in the 
end casing section 123. This demand valve 51d is sub 
stantially identical with the demand valve 51 of the form 
of the invention shown in Fig. 1 and hence the same ref 
erence numerals have ben used and distinguished by the 
suffix "d” and the description of this second demand 
valve is not repeated. The rounding end 63d of its 
stem 62d is arranged in close proximity to the center of 
the metal disk 29. 

Operation.-Fig. 3 
In the operation of the form of the invention shown 

in Fig. 3, a constant pressure is being maintained in 
the chamber 124. Thus oxygen is supplied at the, say, 
assumed 50 p. s. i. g. pressure through the fitting 39c 
to the restricted orifice 42c. This orifice is proportioned 
to admit, say, 20 cubic centimeters per minute to the 
chamber 35c. When the pressure being built up in the 
constant pressure chamber 35c exceeds the internal pres 
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sure of the aneroid 45c it contracts this aneroid axially 
until its end 46c moves away from the end of the adjust 
ing tube or screw 48c. When this occurs the oxygen es 
capes through the bore 49c. of the screw 48c until the 
pressure in the chamber 35c falls to such value as to per 
mit the internal pressure in the aneroid 45c to expand the 
aneroid axially and engage the screw end 48c to again sea! 
the escape, passage 49c. 
tained in the chamber 35c, through the passage 133, is 
maintained in the constant pressure chamber 124 and is 
impressed against the opposing faces of the diaphragms 
125,126. As with the other forms of the invention it 
Will be assumed that a pressure of 3.4 p.s. i.a. is main 
tained in the constant pressure chamber 24. 
As with the form of the invention shown in Fig. 1, ); 

CKygen is, Supplied to the mask of the aviator in response 
to his demand, but only in response to an inhalation that 
reduces the pressure. in the mask pressure chamber 150 
below the pressure in chamber 24. Thus, the medium 

against the cup-shaped valve head. 60d and holds its rim 
6d firmly against the rubber facing 58d of the valve seat 
disk 52d. Accordingly, the sternor rod 62d of this valve 
is held in a position perpendicularly to this valve seat 
disk. In this position the rounded end 63d of this valve 
rod or stem is held in closely spaced relation to the cen 
ter of the metal plate. 129 of the diaphragm 25 on the 
side of this, diaphragm enclosing the mask pressure cham 
ber 169. When the user of the mask, through the con 
nection, 162, inhales to reduce the pressure in this cham 
ber 169 below 3.4 p. s. i. a. this reduction in pressure 
in the chamber 160, moves the diaphragm 125 to the 
left and causes its plate 129 to contact and tip the stem 
62d of the demand valve laterally to the left. This tips 

rates one side of the rim 61d of the valve head from 
the rubber facing 58d and permits the moderate pressure 
oxygen to escape through the valve openings 59d, 53d 
into the mask pressure chamber 160. This oxygen is 40 

After the inhalation is complete, the pressure in the 
mask pressure chamber 160 rises, through the admission 
of moderate pressure oxygen past the demand valve 51d. 
as above described, to the value, namely 3.4 p.s. i. a., 
of the pressure exerted against the side of the diaphragm, 

inhaled by the user. 

125 remote from the mask pressure chamber 160. When 
this counter-pressure against the diaphragm 125 is ex 
ceeded by the rising pressure of oxygen in the mask 
pressure chamber 160, the diaphragm 125 moves to the 
right. This moves the metal plate 129 out of contact 50 
with the free end, 63d of the valve stem 62d and permits 
the valve parts to assume the closed position shown. In 
this position the valve head 69d is held firmly closed by 
the pressure... of the oxygen supply until the user again 
inhales to repeat the cycle just described. - 
When the airplane reaches an altitude of about 35,000 

feet the ambient pressure drops to 3.4 p. s. i. a. Then 
for any altitude above 35,000 feet the diaphragm 126 
moves to the right since a constant pressure of 3.4 
p.s. i. a. is maintained in the chamber 24 at one side 
of this diaphragm while the ambient pressure in the . 
chamber 142 on the other side of this diaphragm is re 
ducing below this value. With the continued movement 
of the diaphragm 126 to the right, the relay or motion 
transmitting device 158, comprising the end plates i53, 
154 connected by the stem 151, is moved to the right 
to contact and move to the right the diaphragm 238. 
This continues until the plate 149 on this diaphragm 138 
engages and moves the free end of the stem 6c of the 
demand valve 5ic. This tips the cup-shaped valve head. 
50c laterally, and hence separates one side of the rim 
6ag of the valve head from the rubber facing 58c and 
permits the moderate pressure oxygen to escape through 
the valve openings. 59c, 53c into the suit pressure cham 

The constant pressure so main 
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rises, through. Such-admission of moderate pressure oxy 
gen past the demand valve, 5c to a sufficient value, the . 
diaphragm. 138, is moved by this rising pressure in the 
chamber 145 to, the left until it releases the free end. 
63c of the demand valve 5c and permits this demand 
valve to close and cut off the further admission of 
moderate pressure oxygen from the fitting 56c. to the suit. 
pressure chamber 45. . . . . . . . . 
The demand valve 51c so closes, when the suit pres-- 

Sure in the chamber 145 builds up to a predetermined. 
differential between the constant pressure of 34.p.s. i.a. 
maintained in the constant pressure chamber 24 and : 
the ambient pressure maintained in the ambient pressure. 
chambers 142 and 140. This differentialis determined by. 
the relative effective: sizes... of the diaphragms 26, and . 
138. It will be seen that the suit pressure maintained in 
the suit pressure chamber 145 by the demand valve 51c. 
equals five times the constant: pressure of 3.4: p.s.l.i.a. 
maintained in the chamber. 124 less four times the 
ambient pressure maintained in the ambient pressure 
chambers 142, 140. Since the demand valve can only 
be effective after the ambient pressure drops below 3.4 
p. s. i. a., this formula is only effective when ambient 
pressure is below the constant pressure maintained: in 
chamber 24. It will be seen that this equation of suit 
pressure (chamber 145) being equal to five times the 
constant pressure (chamber. A24) less four times the 
ambient pressure (chambers. 142, 140) is derived from 
the fact that the constant pressure (chamber 124) is 
impressed on the full area of the diaphragm 126, the 
effective pressure area of which is assumed to have - a 
unit value of five whereas the ambient pressure (cham 
ber 142) impressed on the disk 154 which is on the op 
posite side of this diaphragm 126 is countered by the . 
ambient pressure (chamber 140), impressed against the . 
diaphragm 138 having an effective unit area of one: 
As with the form of the invention shown in Fig. 1 it 
will be seen that the apparatus shown in Fig. 3 insures. 
that both mask pressure and suit pressure are supplied. 
at the same time. Thus in the event of failure of the 
constant pressure maintaining device 24c to maintain the . 
assumed 3.4 p.s. i. a. in the chamber 124, neither of the: 
demand valves 51c or 51d will be operative. Similarly. 
in the event of failure of the moderate pressure oxygen 
Supply, again it will be seen that neither of these de 
mand valves will be operative. Accordingly it is im 
possible to have mask pressure. without suit pressure. . . 
From the foregoing it will be seen that the present. 

invention provides a simple, and effective differential 
pressure gas supplying apparatus which accomplishes the . 
various objectives set forth. It will also be seen that 
the invention can be widely varied as to its details of . 
construction and the invention is therefore not to be con 
strued as limited to the particular embodiment shown . 
and described but is to be accorded the full range of the 
equivalents comprehended by the accompanying claims. 
What is claimed is: - 
1. A differential pressure gas supplying apparatus-for 

maintaining the suit pressure of an aviator flying at high 
altitudes at a differential between ambient pressure and 
the critical minimum pressure at which one's blood would 
boil at normal temperatures, comprising a hollow scasing, 
an internal movable wall across the interior of said casing 
dividing said casing into two chambers and moved essen 
tially in response to the pressure differential in said cham 
bers, means arranged to maintain a constant pressure ap 
proximately said critical minimum pressure in one of said: 
chambers, means arranged to maintain ambient pressure 
in the other of said chambers, and means responsive to . . 
the movement of said movable wall in response to a dif' 
ferential in said pressures and arranged to produce said: 
suit pressure. 

2. A differential pressure gas supplying apparatus for 
maintaining the suit pressure of an aviator flying at high 

ber 145. When the suit.pressure in the chamber. 145.75 altitudes at a differential between ambient pressure and in 
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the critical minimum pressure at which one's blood would 
boil at normal temperature, comprising a hollow casing, 
an internal movable wall across the interior of said casing 
dividing said casing into two chambers and moved essen 
tially in response to the pressure differential in said cham 
bers means arranged to maintain a constant pressure ap 
proximately said critical minimum pressure in one of 
said chambers, means arranged to maintain ambient pres 
Sure in the other of said chambers, and means arranged to 
produce said suit pressure, said last means being respon 
sive to the movement of said movable wall in a direction 
to contract said ambient pressure chamber under a pre 
ponderating pressure in said constant pressure chamber. 

3. Apparatus as set forth in claim 2 wherein said mov 
able wall is in the form of a flexible diaphragm. 

4. A differential pressure gas supplying apparatus for 
maintaining the suit pressure of an aviator flying at high 
altitudes at a differential between ambient pressure and 
the critical minimum pressure at which one's blood would 
boil at normal temperature, comprising a hollow casing, 
at least two internal movable walls across the interior of 
said casing dividing said casing into at least three cham 
bers and moved essentially in response to the pressure 
differential in said chambers, means arranged to maintain 
a constant pressure approximating said critical minimum 
pressure in one of said chambers, means arranged to 
maintain ambient pressure in another of said chambers, a 
demand valve arranged to admit gas under pressure to the 
third of said chambers to produce said suit pressure, and 
means arranged to open and close said demand valve in 
response to the joint movement of said movable walls. 

5. Apparatus as set forth in claim 4 wherein said con 
stant pressure chamber is an end chamber, wherein said 
ambient pressure chamber is the other end chamber, 
wherein said third of said chambers is between said end 
chambers, and wherein said means arranged to open 
and close said demand valve in response to the joint move 
ment of said movable walls includes means connecting 
said internal movable walls to move in unison and a disk 
mounted on the movable wall separating the constant 
pressure chamber from said third of said chambers, said 
last movable wall being of greater effective area than 
the movable wall separating said ambient pressure cham 
ber from said third of said chambers. 

6. A differential pressure gas supplying apparatus for 
maintaining the suit pressure of an aviator flying at high 
altitudes at a differential between ambient pressure and 
the critical minimum pressure at which one's blood would 
boil at normal temperature, comprising a hollow casing, 
a pair of internal movable walls across the interior of said 
casing dividing said casing into three chambers and moved 
essentially in response to the pressure differential in said 
chambers, means arranged to maintain a constant pres 
sure approximating said critical minimum pressure in 
one of said chambers, means arranged to maintain am 
bient pressure in another of said chambers, a demand 
valve arranged to admit gas under pressure to the third 
of said chambers to produce said suit pressure, a motion 
transmitting device arranged to transmit movement from 
the movable wall forming the constant pressure chamber 
to the movable wall forming the other two chambers, and 
means responsive to the movement of one of said movable 
walls and arranged to open and close said demand valve. 

7. Apparatus as set forth in claim 6 wherein a third 
internal movable wall also moved essentially in response 
to the pressure differential in the chambers formed there 
by is arranged across the interior of said casing to pro 
vide a fourth chamber, said four chambers being arranged 
in succession, wherein said third chamber is an end suit 
pressure chamber and said demand valve is actuated 
through motion derived from the movable wall forming 
this end Suit pressure chamber, wherein said ambient pres 
sure chamber is next to said end suit pressure chamber, 
wherein said constant pressure chamber is next to said am 
bient pressure chamber, wherein the movable wall be 
tween said ambient pressure chamber and constant pres 
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sure chamber is of larger effective size than the movable 
wall between said ambient pressure chamber and said suit 
pressure chamber, wherein said motion transmitting device 
is arranged to transmit motion from said larger movable 
wall between said ambient pressure chamber and said 
constant pressure chamber and said smaller movable wall 
between said ambient pressure chamber and said suit pres 
sure chamber, wherein a second demand valve is provided 
for maintaining mask pressure in the end chamber op 
posite said end suit pressure chamber, and wherein means 
are arranged to actuate said second demand valve through 
motion derived from the movable wall between said con 
stant pressure chamber and said mask pressure chamber. 

8. Apparatus as set forth in claim 7 wherein said mov 
able walls are in the form of flexible diaphragms. 

9. Apparatus as set forth in claim 6 wherein said mov 
able wall forming said constant pressure chamber has an 
effective area which is of a greater effective size than said 
movable wall forming the other two chambers. 

10. Apparatus as set forth in claim 9 wherein said mov 
able walls each is in the form of a flexible diaphragm. 

11. Apparatus as set forth in claim:9 wherein said de 
mand valve is opened on movement of said movable walls 
in a direction to contract said ambient pressure chamber. 

12. Apparatus for supplying gas under differential pres 
Sure to the suit and mask of an aviator, comprising a 
hollow casing, three internal movable walls across the . 
interior of said casing and dividing said casing into four 
chambers, means arranged to maintain a constant pres 
sure in one of said chambers, means arranged to main 
tain ambient pressure in another of said chambers, means 
responsive to the movement of a movable wall between 
the constant pressure and ambient pressure chambers and 
arranged to maintain a suit pressure in still another of 
said chambers, and means responsive to movement of a 
movable wall forming the last of said four chambers and 
arranged to maintain a minimum mask pressure in said 
last of said chambers. 

13. Apparatus as set forth in claim 12 wherein a motion 
transmitting device is interposed between said movable 
wall between said constant pressure and ambient pressure 
chambers and the other movable wall forming said am 
bient pressure chamber and wherein said means arranged 
to maintain a suit pressure includes a demand valve moved 
by said last wall. 

14. Apparatus as set forth in claim 13 wherein each of 
said movable walls includes a rigid portion and wherein 
said movable wall between said constant pressure and 
ambient pressure chambers is of larger effective area than 
Said other movable wall forming said ambient pressure 
chamber. 

15. A differential pressure gas supplying apparatus for 
maintaining the suit pressure of an aviator flying at high 
altitudes at a differential between ambient pressure and 
the critical minimum pressure at which one's blood would 
boil at normal temperature, comprising a hollow casing, 
two internal movable walls across the interior of said 
casing dividing said casing into three chambers and moved 
essentially in response to the pressure differential in said 
chambers, means arranged to maintain a constant pres 
Sure approximating said critical minimum pressure in the 
first of said chambers, means arranged to maintain am 
bient pressure in the chamber formed by both of said mov 
able walls, a demand valve arranged to admit gas under 
pressure to the third of said chambers to produce said 
Suit pressure, and means arranged to open and close said 
demand valve in response to joint movement of said 
movable walls. 

16. Apparatus as set forth in claim 15 wherein a motion 
transmitting device is interposed between said walls and 
is arranged to transmit movement from the wall between 
said constant pressure and ambient pressure chambers to 
the wall between said ambient pressure chamber and said 
third of said chambers. 

17. Apparatus as set forth in claim 16 wherein said 
Wall between said constant pressure chamber and said 
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ambient-pressure chamberis, of larger effective area than 
said wall between said ambient pressure chamber and said 
third of said chambers. 

18. Apparatus for supplying gas under differential pres 
Sure, to the suit and mask of an aviator, comprising a hol 
low casing, four: successive internal movable walls across 
the interiors of said casing and dividing said casing into 
a Succession of chambers, means arranged to maintain a 
constant. pressure in one end chamber of said casing, 
means, arranged, to maintain ambient pressure in the next 
succeeding of said chambers, a demand valve for main 
taining suit pressure in the next succeeding chamber by 
controlling the admission of gas under pressure thereto, 
means: arranged to actuate said demand valve through 
motion derived from the movable wall between said am-l 
bient pressure chamber and said suit pressure chamber, 
said last movable wall being of smaller, effective size than 
the movable...wall between said ambient pressure cham 
ber and said constant pressure: chamber, a motion trans 
mitting device arranged to transmit movement from said 
last movable wall...to said, smaller-movable; wall between 
said: ambient pressure, chamber and said suit pressure 
chamber, means arranged to maintain ambient pressure in 
the succeeding chamber on the side of said suit pressure 
chamber remote from said first ambient pressure chamber, 
a second demand valve for maintaining mask pressure in 
the next succeeding of said chambers and which is the 
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end chamber opposites said one end chamber in which 
constant pressure... is maintained, means arranged to ac 
tuate::said: second demand valve through motion derived 
from the movable wall between said second ambient pres 
sure: chamber and said mask pressure chamber, said last 
movable wall bearing a disk of greater effective size than 
the movable wall between said second ambient pressure 
chamber and, said. Suit: pressure chamber, and a motion 
transmitting device arranged to transmit movement from 

19 said larger movable wali between said second ambient 
pressure-chamber and said mask pressure chamber to said 
Smaller movable wall between said second ambient pres 
Sure chamber and said suit pressure chamber. . w 

19. Apparatus: as set forth in claim 18 wherein said 
movable walls are in the form of flexible diaphragms. 
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