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DIFFERENTIAL PRESSURE GAS SUPPLYING
APPARATUS

Phillip E. Meidenbauer, Jr., deceased, late of Lancaster,
N. Y., by Lois W. Meidenbauer, execafrix, Lancaster,
N. Y., assignor to Firewel Industries, Buffalo, N, Y., a
copartnership

Application March 1, 1954, Serial No. 413,305
19 Claims. (CL 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
alse applies this minimum pressiure 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. 8. 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
8as 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. v

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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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 11 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 I4 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, I3 and 14 can be fastened together in any suit-
able manner., ‘ o

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 siit pressure chamber 19 is defined by

the casing secticn 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 14, A mask pressure chamber 22 is



-
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deﬁned by the end ‘casing, sectlon 10 and the draphragrn
14.

' The pressure in the constant pressure chamber 15 is

marntamed at a’ constant pressure of, say, 3.4 p. s. i. a.

: by a regulatln0 device 1ndlcated generally at 24. Ambrent ;
air pressure. is majntained 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 ambiest. air pressure'

chamer 18 (and through 25 in: 16) by a bore or passage

26 extendmg through the rim of the casing section 6 to
the exterior thereof.
suit pressure chamber 19. by a conmection 28 to the suit
of the av1ator

29 extending through the rim of ‘the casrng section 9
to the exterior thereof. Ambient air. pressire is main-
tained in the amblent air pressure chamber 21 by a bore
30 through ‘the, casing section "9 and’ establishing com:
mimication between the chambers 20, 21. “Mask pressure

connectlon 31 16 the mask of fhe aviator!

© It will particularly be. noted that the dlaphraghs 12,

13 have substantially the same effectivé area but that the

diaphragms 11, 14 are of larger effective area, the area
-of each of the didphragms 11, 14 being preferably five

tlmes the effective area of either of the draphragms 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- -
¢ation between the constant pressure chamber 15 and’
the ‘interior chamber 35. of the pressure regulator 24,
Chamber 35 is. enclosed by 2 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'thickenéd to provide a boss,
36 havrng a through bore 38 in which a fitting 39 is'

screwed. This ﬁttrng connects with a, say,. 50 p. s i. g
(pounds per square 1nch gage) oxygen line 46 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 communicaticn with ‘the constant pressure charn—"

ber 15 through' a bore or passage 32

A sealed bellows member or anéroid 45 is arranged
in the chamber 35. This aneroid has a corrugated tubular:
wall enclosed by end heads one of which’is secured toi
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 ad]ustmg‘
stemn 48.. This tubular adjusting stem is in the form~of
a screw having an axial through bore 49 and screwed

into a threaded hole 56 in the ‘cup-shaped casing 33 and

which hole alinies with the axis of expansmn of the

i aner01d 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
d1sk 52 which is provided with a coaxial conical through
openinig 53 and can be press fitted into a recess 54 i
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. pressufe. The
metal valve disk 52 is provided on itsside facing the bore
: 55 with a rubber facrng or disk 58.

The valve head is in the form of a cup 68 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

Suit pressure is maintained in the

Ambient air pressure is maintained in
the ambient air pressure chamber 20 by a bore or passage
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has its rounded head 63 arranged in close proximity to -

" the center of a metal disk 64 founted centrally ‘otithe™

10

20
is ‘esfablished - in the mask pressure chambér 22 by a

- second "déemand vaIve is not lepeated

25

diaphragm 12.
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 vieldingly held in- this tipped posi-
tion,” which is mean to the valve seat disk '52° and “its:
rubber facing 38, by .a sp1ra1 compressmn return spring =
63, the small-end of which bears against-a small collat’
66 press fittéd ofi the Tod 62 ‘while - its large end bears
against the valve seat’ disk- 52,

Oxygen under the same assumed pressure-of 50 p. s. L g
is also supplied under control of a demand valve indicated
Poz'nerally at 51a to the magk 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 53¢ in. the end casing sec-
tion 18." Except “for size and location, ‘the ‘demand valve
51a is identical wrth the” den d “valve' 51 and hence
the sameé reference numerals ave. been used and dlS-‘
tinguished by ‘the sufﬁx “p7 and’ fhe description of this
Its rounding end
634 I8 arranged in’ close ‘proximity to the center of a
metal ‘disk ‘644 mounted centrally on the diaphragm 14.

The numeral 68 represents ‘a motion transmiitting device
or relay for ‘trapsinitting motion from the. large diaphragm

~ 11 to the small draphragm 12, this. relay operating (when

30

-+ the openings 59 and 53 into the’ suit pressure chamb -

40

- adapted to engage that face of the dlaphra
‘encloses the chamber 18.

45

50

55

the larger diaphragm is rnoved to the left by, the constant
pressure assumed, to be 3.4 p.’s. 1. a.ifi the chamber 15

preponderatmg over the ambient air’ pressure in the cham-’
ber 16) to first engage and then' move the dlaphragm 12

- to the left thereby to move the stem’ §2 of the’ démand

valve 51 to the left so as to’cock its valve ‘head 60
on the rubber facmg 58 of the valve seat 52 and permit
the flow of 50 p. s. i.'g. oxygen from- the inlet ﬁttlng 56
and bore 55 past the cocked valve ‘head 60 and throuvh
19..

This motron transmitting ‘device or relay 68 is"shown’
as comprising a stem 70 arranﬂed in‘an oversrze hole 71
at’ the center of the casing 6 and havm ‘within' the
ambient  air pressure chamber 18; a’ dlsh—llke head 72
I 12 ‘which
A larger drsk ‘or- 'head 73 is
secured to the stem 70 by means of A scréw 74, or in any
other suitable manner. Thé larger disk or end héad 73'is
held in engagement with that face of the. dlaphraom 11
which encloses the’ ambrent air’ pressure chamber 16 by
a splral compressmn sprmg 757 The' large ‘end’ of the
splral compression spring i sedted il @ recess 76 in the
casing ‘section’ 6 and - its ‘small end bears’ against. the ‘end
head or disk 73 of the relay or rnotlon transmxttmv dev*ce
68!

‘A generally similar relay or motion transmlttlng device
78 is operatively interposed between the dlaphragms 13
and 14..~This motion transmitting device 78 is generally
similar to the motion transmitting device 68 and. is shown

a8 comprising a stem 88 arranged in an oversize hole 81

60

65

70

ks

at the center of the casing section 9 and having, within a

the ambient air pressure chamber 20, a disk-like head 82
adapted fo 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 engagemeént with that face of the diaphragm 13
which - encloses the ambient air pressure chamber 20 by a
spiral compressron sprmg 78.- The large end of the splral
compression spring is seated in a recess 86 in-the casing
section @ and its small end bears against the’ end head or
disk 82 of the rclay or motion transmitting dev1ce 78,

Operatton —-F ig. 1.

With the form of the invention shown in Fig. 1, oxygen
is supphed to the mask of the aviator in response to:his
demand. ~ Thus the medium pressure oxygen from the
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stpply line fitting 56« to the bore 554 presses against the
cup-shaped valve head 60a and holds its rim 61g firmly
against the rubber facing 58¢ of the valve seat disk 52a.
Accordingly the stem or rod $2a 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
plaie 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

(13

10

side of the diaphragm 14 forming the ambient air pressuré -

chamber 21, this reduction in pressure in the chamber 22
moves the diaphragm 14 to the left and causes its plate
6%a to contact and tip the stem 62a of the demand valve
laterally to the lefr. This tips the cup-shaped valve head
68a laterally and hence separates one side of the rim 61a
of the valve head from the rubber facing 584 and permits
the moderate pressure oxygen to escape through the valve
openings 5%a, 53a into the mask pressure chamber 22.
This oxygen is inhaled by the user.

After the inhalation is cemplete, 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 63 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 orifice 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 11 is positioned to the Ieft since constant pressure
of 3.4 p. 5. 1. 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
79, is moved to the left to contact and move to the left

In this position the valve head 60a is held -
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the diaphragm 12." This continues until the platé 64 6
this diaphragm 12 engages and moves to the left th§ fl:ee
end 63 of the stem 62 of the demand valve 51. This tips

the cup-shaped valve head 60 laterally and hence sepa- | .
7 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.. o

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, g

The demand valve 51 so closes when the suit pressure
in the chamber 19 builds up to a predetermined differ-
ential between the comstant pressure of 3.4 p. s 1. a.
maintained in the constant pressureé 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 ares 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.-1. 2. the demand valve 51q 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 D. s. i. a. pressure main-
tained in chamber 15 preponderates over the ambient air
pressure in chambers 16, 18 to move the diaphragm 131,
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- 89, 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 51qg
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
A .is five times the effective size of the" diaphragm 12+
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and ambient pressure is between the pairs of draphragms

11;12and 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 tatio of sizes

assumed it will be apparent that while the suit pressure in

" the suit pressure. charmber 19.will be five times the assumed "

constant préssure. of: 3:4: p. s. i a. (chamber 15) less
four times the ambient pressure, (chambers 16, 18) this
suit pressure will ‘also be: five times the mask pressuie
(chamber 22)- less. four times -the ambient. pressure
(chambers 21,-20)7 Accordingly, when ambient pres-
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 2., a minimum constant pressure. of 3.4

10

15

p. s. i. a. will alwdys 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 ask pressure chamber 22 goes below this -20
hales, this reduction in pressure:serving to move the di- !
aphragm 14 to open 'the demand valve 51a and: admit the:

minimim pressure of 3.4-p. s. ia. each time the user. in-

quired- amount. of: oxygen to supply each- 1nhalat10n de-
mand of the user. .

FIG 2

In the form of the invention shown in Fro 2; the nu-
meral 96 represer'ts a casing or housing which can be of
cylindrical form the interior chamber 91 of which is a
suit pressure chamber

partlal pressure suit (not shown) of the avrator The
casing 90 is open- -ended-and at one. end is prov1ded with
_an enlarged recess 93 around the chamber 91 in which

the margrnal part of a dlaphragm 94 is placed. At its 9

other side “this. casmv 99, is provided with an enlarged
recess 95 around the chamher 91 and in this enlarged
recess is ﬁtted ‘the margmal pa"t of a dlaphragm 96. The

marglnal paxt of the dlaphragm 96 can be held in the:

recess 95, by the ax1ally extendmg rim 98 of a cover or
cap 99.w iich can be press, ﬁtted in the recess 85 thereby

to form in ambient "air - pressure chamber 160 between;
‘.cap 99 and the draphragm 96 Ambient air_

pressare 1s marntarned in the amblent air pressure cham-
ber 168 by a vent 101 through the cap or cover 99.
“The maromal part of the draphragm 94 can be held
in the recess 93 by the ax1a11y extendrng rim 103 of a
covel or cap i 04 ‘which can. " be press. fitted in the recess

93 tnereby fo form.a constant pressure chamber 105 be-!

tween thrs cov

’or cap 104‘ and the dlaphragm 924. A

105, through a passage or hole 166 in thr=
04 "by a regulating device indicated gener-
fThs regulatmg device is identical to’ the

reﬂulatmt7 ‘uev1ce 24p. is not repeated, reférence bemU
made to the déscription of the regulatlug device 24.
Oxygen under an assumed pr essure, of say, 50 p. s. i. g«
is supplicd under comtrol 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 555 in one side of the casing 0. 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-
tmoulshed by the suffix “b” and the description of th1s
demand valve 515 is not repeated.

‘ The roundlng end 63b of the stem 62b. of this demand
1valve 51p is arranged in close proximity to. the centér of
a disk 110 _secured. to_the correspondlno face. of the dia-
phragm 94 A s1mrlar dlSk 111 is secured to the oppos1te

From this chamber 91, suit pres- i<
sure is, mamtamed by a connectron 92 in the assumed :

4 p. s 1 a. is malntamed n,

ice 24 in the form of the invention shown:
v accordingly the same reference numerals
: oyed. and, drstrnoulshed by the suffix “b.” -
ption of the construction and parts of the:
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face of this diaphragm 94 and these disks are fastened by
one or'more screws 112, which extend through these disks -
and the dlaphragrn 94 .and anchor,_in one of ‘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 correspondmg face of the dia-
phragm 96; A disk 115 is disposed against the opposite
face of this diaphragm 96 and these. ‘disks 114, 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 draphragm 94 as measured by the aréa of
either disk 110 or 111 is five whereas the effective area
of the dlaphragm 96_as measured by the area of erther'
disk 114 or 115 .is. four.

It will be noted that in. this. form of the 1nventron 0Xy-
gen is- not supplred for- breathmg

Operatzon —Fzg 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 seiting of the drilled screw 48b.

The oxygen at, say 50 p.s. i. g., supphed through the
fitting" 395 to" the restricted -orifice 42b is passed by thi§
orifice at say 20 cubic -centimeters per minute to the
chamber 355, 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 465 moves away from the ad]ustmg tube’
or screw 48b. When this occurs the oxygen  escapes
through the bore 495 of the screw 48b until the pressure
in the chamber 35b falls to such value as to permit the
internal pressure in the aneroid 45p to expand the aneroid
axially. and engage the screw end 48b-to again seal the
escape passage 495." The constant pressure so maintained
in the chamber 35b, through the passage 106, is main-
tained in the constant pressiie 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 -
dmphragms 94, 96 move to the left since a constant pres-
sure of 3:4 p. s. 1. a,is mainfained i i the charaber 165 at
ornie-side of - the. diaphragm 94 while the ambient pressure
in the chamber. 10¢ 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 116 on the diaphragm 94- engages and moves to the:
left the free end 635 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 615 of the valve”
head from the rubber facing 58b-and permits the medium:
pressure. oxygen . o escape through "the valve opemngs'
59b, 530 into the. suit pressure’ ‘chamber 91.

“When the suit pressute in the chamber 91 rises, “through
such -admission” of . moderate - pressure’ oxygen past the-
demand valve 515, to" a-sufficient value, the diaphragm’
94, 96 are moved by this rising pressure in the'chamber 91 .
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 moderatc
pressure oxygen to the suit pressure. chamber 91

- The demand valve 51b so.closes when the suit pressure
in the chamber 91.builds up'to a predetermmed differen-.
tial between the constant pressure of 3.4 p. s. i. a. man-' :
tained -in. the. constant pressure chamber 195 and the
ambient “pressure thaintained in' the ambient’ pressure‘."
chamber 100, This différential is determined by the rela-
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tive effective sizés of the diaphragm 94 and 96. It will
be secen that the suit pressure maintained in the suit
pressure chamber 91 by the demand valve 514 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
51b 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 91) being equal to five times
the constant pressure (chamber 105) less four times
the ambient pressure (chamber 166) 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 188y 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, 121, 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 121. 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. )

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 126 which forms the
constant pressure - chamber 124. Preferably the dia-
phragms 125 and 126 and the disks 129 and 139 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 122
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 124.
To this flat face 132 is secured the constant pressure
regulating device 24¢. 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 121 is provided with an end wall 135 -

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 120. The rim
136 of the casing sectionn 121 and the casing section 129
are held in compressive relation with the marginal part
of the diaphragm 138 by one or more screws 139 which
secure the casing sections 128, 121 to each other. The
diaphragm 138 forms with the wall 135 of the casing sec-.
tion 121 an ambient air pressure chamber 149. 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 142,

The chamber 145 between the diaphragm 138 and the
end wall 146 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
Sic to the suit pressure chamber 145. The oxXygen is
supplied to this demand valve through a screw fitting S6c
at the end of the oxygen supply line and screwed into 2
bore or conduit 55¢ 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 62¢ of the
demand valve 51c to the right so as to cock its valve head
60c on the rubber facing 58c of the valve seat or disk
SZc¢ and permit the flow of 50 p.s. i. g oxygen from

~the inlet fitting 56¢c and bore 35¢ past the cocked valve

head 60c and through the openings 59¢ and 53¢ into
the suit pressure chamber 145. .

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
153 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 151 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 142.

A mask pressure chamber 166 is formed between the
diaphragm 125 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 514 to the mask pressure chamber
168. The oxygen is. supplied to this demand valve
through a screw fitting 564 at the end of the oxygen sup-
ply line and screwed into a bore or conduit 554 in the
end casing section 123. This demand valve 514 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 634 of its
stem 624 is arranged in close proximity to the center of
the metal disk 129.

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 39¢
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 35¢ exceeds the internal pres-
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sure. of ‘the aneroid 45c it contracts' this aneroid axially.
until its.end. 46¢ moves away from the end of the adjust-
ing tube or screw. 48¢c..” When this occurs the oXygen es-

capes through the bore 49c of the screw 48c until the :

pressure in the chamber 35¢ falls to such value as.to per-
mit the internal pressure in the aneroid 45¢ to expand the
aneroid axially and engage. the screw end 48c¢ to again seal
the escape, passage 43¢
tained in. the .chamber 35¢, through the passage. 133, is
maintained in the constant pressure chamber 124 and is

impressed against the opposing faces. of the diaphragms |
125, 12§. ~ As with the other forms of the invention it -

will be assumed that a pressure of: 3.4 p. s. i. 2. is main-
. tained in the constant pressure chamber 124, '

| As with :the form of.the. invention. shown in Fig. 1,
oxvgen 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. 124,  Thus, the medium
pressure oxygen from the supply line fitting 56d presses
against the cup-shaped.valve head 684 and holds its rim
61d firmly against the rubber facing 584 of the.valve.seat
disk 52d. Accordingly. the. stem or 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 125 on the
side of this. diaphragm enclosing the mask pressure cham-
ber 168.° When the user of the mask, through the con-
nection, 162, inhales to reduce the pressure in this cham-

ber. 160 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
the. cup-shaped valve head 604 laterally and hence sepa-
- rates. one. side. of_the. rim 61d.of the valve head from

the rubber facing 584 and permits the moderate pressure:

oxygen to escape through' the valve openings 59d, 53d
into. the mask pressure. chamber 160. < This oxygen is
inhaled by the user. )

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;

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
with the free end 63d of the valve stem 624 and permits:
the valve parts to:assume the closed position shown. In -

this position the valve head 68d 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 12§
moves to the right since a constant pressure of 3.4
p. s. 1. . is maintained in the chamber 124 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 159, comprising the end plates 153,
154 connected by the stem 151, is moved to the right
to contact and move to the right the diaphragm 138.

This continues until the plate 149 on this diaphragm 138

engages. and moves the free end of the stem &ic of the

demand . valve 5ic. ~This tips the cup-shaped valve head.

'60c. laterally . and. hence separates one side of the rim
61c .of the valve head from the rubber facing 58¢ and
permits the moderate:pressure oxygen. to escape through
. the valve openings.59¢, 53c .into.the suit pressure’.cham-
‘ber. 145, When. the suit. pressure.in the chamber. 148

The. constant pressure so main-
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rises, through’ such-admijssion. of moderate. pressure:oxy--
gen. past the demand:valve 5lc, 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:
$3¢.of the demand valve 5%c and permits this demand
valve to. close -and.~cut off - the "further- "admission. of
moderate pressure oxygen from: the fitting 56¢-tothe suit
pressure. chamber 143; . s L
The demand valve 51c so closes. when: the: spit: 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: 124.and::
the ambient pressure maintained: in the.ambient pressure::
chambers 142 and 149. This differentialiis determined by.:

-the "relative effective: sizes. of the .diaphragms 26 and:;

138. It will be seen that the. suit pressure maintainedsin::
the suit pressure chamber 145 by the demand valve Slc
equals five times the constant:pressure-of 3.4.p:s. i a
maintained in the chamber:- 124: less. four times. the:
ambient pressure maintained in the ambient pressure
chambers 142, 146. Since the demand valve can only
be effective after: the ambient- pressure: drops- below 3.4
p. s. 1. a., this formula: is only--effective- when ambient
pressure is below the constant- pressure: maintained: in
chamber -124. It will be seen that this equation-of suit
pressure (chamber 145) being: equal to- five- times the
constant pressure (chamber- 124) less four-times the:
ambient pressure (chambers- 142, 148) 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) impréssed-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 24¢ 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 wonld
boil at normal temperatures, 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 pressure-

in the other of said chambers, and means responsive to- -

the movement of said movable wall in response to a difs
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

.altitudes at a differential between- ambient pressure- and-
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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 -bétween 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
betwéen 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 ennd suit pressuré 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
Tesponsive 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 ambjent 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. Lo

118. 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 intérior: 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
sticceeding: of 'said chambers, a demand valve. for main-
taining - suit : pressure: in .the next isucceeding 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-

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 saidconstant. 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
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end chamber. opposite-said one.end chamber in which:.
comstant 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
said ‘larger movable wall between said second ‘ambient
pressure.chamber and.said mask pressure chamber to said -
smaller: movable wall between said second ambient pres-
surey chamber: and said. suit pressure chamber. )

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