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: 3,042,926
PRESSURE SUIT FOR HIGH ALTITUDE FLYING
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tional Latex Corporation, Dover, Del., a corporation

of Delaware ’
Filed Sept. 26, 1958, Ser. No. 763,576
8 Clafms, (CL 2~2.1)

This invention relates to an improvement in pressure
suits for high altitude flying. More particularly, the in-
vention relates to a differential pressure valve positioned
in the body of the flying suit to vent air from withia to
stimulate ventilation in substantially stagnant areas of

the suit, which automatically closes when the pressure

differential between the suit and its surroundings exceeds
a fixed amount. The valve can be constructed so as to
be manually operated to an open position after closing.

During high altitude flying, pressure suits are subject
to high ambient temperatures. Under these conditions,
remote areas of the suit, such as the fingers and feet,
are subject to lack of ventilation, even when air distribu-
tion systems are used. Such stagnation of air at these
points causes the wearer’s skin temperature to rise, which
produces sweating and exireme discomfort to the wearer
and interferes with proper functioning of the hands and
feet.

In accordance with the present invention, ventilation
of a pressure flying suit is improved by providing a dif-
ferential pressure valve device in the surface of the suit
to permit controlled leakage of air from within when
the pressure differential between the inside of the suit
and outside thereof is within a prescribed range and to
close automatically when the pressure differential is ex-
ceeded to retain the air in the suit. The valve device
on closing can be manually operated, as desired, to an
open position to allow leakage of air to resume from
within the suit.

High altitude flying suits are ventilated by pumping
a continuous supply of air through the suit. Even with
the use of air distribution devices, difficulty is experi-
enced in reaching stagnant areas. These areas can be
ventilated by positioning the differential pressure valve
in the surface of the suit, preferably in a region acces-
sible to the hands to facilitate manual opening, so that
constant leakage of air ‘eliminates stagnation at these
points. Allowing leakage to occur only within a figed
pressure differential between the inside of the suit and
its surroundings adds a safety factor so that under emer-
gency conditions, such as exposure to rarefied atmos-
phere, the exhaustion from the suit of air essential to
body function is stopped.

One of the particular areas in which stagnation occurs
is about the hands, and the differential pressure valve
can be placed advantagecusly over the dorsal portion
of the hand where the wearer can conveniently operate
the valve by manipulation with the other hand but where
it does not interfere with and is out of the way of the
functioning of the hand and fingers.

The differential pressure valve can be in the form of
an outer casing sealed in the wall of the suit so that
a portion thereof extends into the suit. The casing in-
ternally can be provided with a piston chamber having
a closed top portion with vent holes therein and a bottom
cover in the form of a movable diaphragm. Communi-
cation between the suit and the atmosphere outside the
suit can be made by orifice-like openings through the
wall of the casing caiculated to permit the escape of a
measured amount of air from inside the suit into the
chamber for a given pressure differential. In the cham-
ber is positioned a pressure responsive movable piston
having sufficient clearance between its peripheral edge
and the wall of the chamber to permit passage of air
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and being capable of sealing the chamber from the sur-
rounding atmosphere when the piston is forced against
the top portion of the chamber. The piston also has
an extension which protrudes through the closed top por-
tion of the cylinder and facilitates the unseating of the
piston to reopen the valve.

When the valve is open, the air passing into the cham-
ber through the orifice-like opening and escaping through
the vents causes a pressure drop in the chamber so that
the diaphragm is urged by the pressure in the suit into
the chamber. When the pressure differential exceeds
the fixed amount, the diaphragm is so urged into the
chamber that it moves the piston into contact with the
top of the chamber thereby sealing the chamber and stop-
ping the flow of air through the vent hole. The pres-
sure in the chamber at this point becomes equal to the
pressure in the suit and the diaphragm returns to’ its
relaxed position. If the wearer should desire further
ventilation, depressing the extended portion of the piston
permits the air to escape frem the suit through the
orifice and, when the pressure differential is below the
fixed range, the valve remains in an open position.

In addition to the advantages of the present invention
referred to above, other advantages are described below
in connection with the specific embodiment shown in the
drawings, it being understood that such embodiment is
shown by way of illustration only, in which:

FIGURE 1 is-a front view of a pressure suit for high
altitnde flying showing the pressure differential valves
positioned over the dorsal portion of the hands;

FIGURE 2 is a cross-sectional view of the differential
pressure valve in an open position showing the inlet air
orifice to the piston chamber, the piston for sealing the
valve, and the pressure-actuated diaphragm;

FIGURE 3 is a top plan view of the differential pres-
sure valve positioned in the surface of the suit showing
the holes for escape of air from within the suit;

FIGURE 4 is a cross-sectional view taken along the
line 4—4 of FIGURE 2 showing the piston follower
shaft and the pressure equalization hole in the chamber;

FIGURE 5 is a cross-sectional view taken along the
line 5—5 of FIGURE 2 showing the vent holes for assur-
ing full air pressure under the diaphragm; and

FIGURE 6 is o cross-sectional view of the valve shown
in FIGURE 2 with the piston in a closed position and
the position of the diaphragm, in outline, at the instant
of closing of the valve.

In the drawings, FIGURE 1 shows a pressure suit 1§
for high altitude flying to maintain the wearer under full
required pressure. The suit 16 has a body portion 11 to
which is secured a sealed helmet 12 covering the head of
the wearer. Outward from the body portion 11 are arm
extensions 13 so arranged as to allow for freedom of
movement. To the outer extremity of each arm exten-
sion is secured a glove 14 connected by a locking ring
15. Extending downwardly from body portion 11 are
leg sections 16 which have attached at the lower ends
thereof suitable shoes for covering the feet (not shown).
The pressure in the suit is maintained by a pumping unit
which continuously supplies air through an inlet tube 17
to the suit. Air from the suit is exhausted through an
outlet tube 18.

In the area of the glove 14 covering the dorsal portion
of the hand 19 in the region of the interosseous area be-
tween the first and second metacarpal joints is positioned
a differential pressure valve 2@ which, below a fixed dif-
ferential pressure between the interior of the suit and
the outer surroundings, allows for a venting of air from
within the suit to stimulate ventilation in the glove.
Placing the valve in this area over the dorsal portion of
the hand ailows ease of manipulation by the fingers of
one hand to set the valve in the other glove in an open



3,042,026

3 .
position when the differential pressure is exceeded and
the valve is closed (see FIGURE 1).

The differential pressure valve 20 has a hollow cylin-
-drical body 21 with a centrally positionéd outwardly ex-
-tending “annular flange 22. On the outer surface of the
cylindrical body above and below flange 22 are threads
23q and 23b.- Positioned horizontally actoss the interior

«of the hollow body 21 is a web 24 having spaced circular -

openings 25 symmstrically positioned with respect to the
vertical axis of the body: The center of the web 24
Jdefines. a 'circular opening 26. Through the annular
flange 22 is an orifice 27 positioned slightly above the
. top surface of the web 24. ) -
_Engaging threads 23a is a flanged cap 28 having a flat
surface 29 in which are positioned a group of vent holes
:30 symmetrically. arranged with respect to the vertical
_-axis of the body 21. The central portion of flat surface
-29 defines a circular opening 31 of the same size as open-
ing 26." Between the edge of the flange of cap 28 and
the upper surface of the annular flange 22 is secured the
“marginal edge of the thickness of the material forming
- the pressure suit (see FIGURE 3). )
Positioned in the hollow cylindrical body between the
flanged cap 28 and the web 24 is a piston 32 having a
flat cylindrical body 33 smaller in diameter than the
internal diameter of the hollow cylindrical body 21 pro-
“viding an annular space or opening 34. Centrally located
with respect to the vertical axis of the cylindrical body
21 and the piston 32 is a downwardly extending shaft 35
and an apwardly extending shaft 36 which extend through
openings 26 and 31, respectively, slidably operable there-

“in; On the outer marginal edge of the top of cylindrical-

‘body 33 of the piston 32 is an annular gasket 37 securely
mounted - thereto for contacting the under surface of
flange cap 28 to seal off the vent holes 30 from the
interior of the suit. : :

Engaging ithreads 23b is an annular flange clamp 38
‘having an inner circular flange portion 39. Clamp 38 is
‘adapted to retain between the edge of flange portion-and
the bottom edge-of the hollow cylindrical body a circular
diaphragm 46 which, with flange cap 28, defines the
piston chamber. ~ In the lower edge of the flange portion
39 are horizontal holes 41 arranged so as to assure that
ithe. air space between the surface of the hand 19 and
+the diaphragm 40 is always under the same pressure as
the inside of the suit. o

“The differential pressure valve 20 is mounted in the
surface of the suit by cutting & circular hole in the suit
of sufficient” diameter to allow the top portion of the
hollow cylindrical body 21 to extend therethrough with
the inner surface of the marginal edge of the hole resting
against the top edge of annular flange 22, and threading
‘cap 30 over the top of the body until the bottom edge
of the flange of the cap securely clamps the marginal
edge of the material of the pressure suit to form au air-
tight seal {sece FIGURE 2).

"Advantageously, the valve unit can be placed in any
“part “of the suit where it is desired to increase the degree
of ventilation, and preferably may be placed in remote
‘areas, such ‘as in the covering for the hands and feet
where venting -of air from within the suit will reduce air
stagnation. o I )

The differential pressure valve arrangement, when as-
sembled in ‘the “suit as heretofore described, presents a
digphragm member which forms the bottom of an air
escape chamber with a distributing plate thereabove
“which also acts as one of the guides for-the piston. The
only communication of the chamber with the outside of
the suit i§ through orifice 27. The top portion of the
-chamber represented by the flanged -cap 28 is vented to
pressture from outside the suit by means of vent holes 30.
The valve ‘operates on the principle that the dynamic
.pressure drop across the orifice 27 when the suit is under
‘a pressure greater than the pressure of the atmosphere
-surrounding the suit will cause the diaphragm to deflect
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upwardly into the piston chamber. The air passing
through orifice 27 passes around the annular space 34
between the piston and wall of the chamber and escapes
into the surrounding atmosphere to keep the stagnant
area ventilated. When the pressure drop in the chamber
exceeds a fixed amount (such as when there is a drop in
‘the pressure of the surroundings), the diaphragm, due
to the higher.pressure inside the suit, is deflected suffi-
ciently upward to push against the end of the downwardly
extending shaft 35 forcing the piston 32 upward. When
the piston has reached the top of its travel, the annular
gasket engages the under surface of flange cap 28, thereby
closing the valve. Air passiig through orifice “at this

. point equalizes the pressure between the chamber and
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the suit causing the diaphragm to return to a relaxed
position (see FIGURE 6).

During normal operation, the differential pressure be-
tween the pressure suit .and its surroundings is a vent
pressure of approximately 0.5 to 0.75 psi.g Under
normal operation, the absolute pressure in the suit can
be from 15.5 to 3.5 p.si.a., with the pressure outside the
suit being less by the amount of differential pressure.
Under these conditions, 2 measured amount of air is
passed throungh the vent to the outside of the suit by
‘maintaining the size of the orifice to a diameter of about
.020 to .040 inch, thereby providing ventilation by air
circulation. - If the differential pressure rises above 0.75
ps.ig., the dynamic pressure drop across the orifice
causes the diaphragm to deflect upward sufficiently to
‘force the piston to seal the chamber. _

Air may be vented from the suit by pressing the top
of shaft 35 deflecting the piston from its sealed position
and, in this case, if the pressure differential is below the
fixed amount, the valve is reactivated 16 an open position.

Advantageously, a biasing means such as a spring 42
‘may be positioned between the top of the flanged cap
and the pistor 32 so as to assure that the forces of gravity
do not -cause the piston to scal the piston chamiber.

Although the present invention has been described with
particularity with reference to a preferred embodiment,
it will be obvious to those skilled in the art, after under-
standing the inventioh, that various changes and modifi-
cations may be made therein without departing from the
spirit and ‘scope of the invention, and the appended
claims should therefore be ‘interpretéd to .cover such
changes and modifications. ) -

‘What is claimed is: - )

1. A ventilated ‘pressure suit for high altitude flying
-which comprises a pressurized suit adapted to enclose
the body; means for maintaining a substantially fixed
pressure in said suit; a differential pressure valve posi-
tioned in the surfacé of said suit having’a pressure differ-
ential chamber therein, said chamber defining-an orifice
for communicating the interior ‘of said suit -with said
chamber and defining a valve opening for communicat-
ing thé chamber with the surrounding atmosphere for re-
Jleasing air from the suit below a fixed pressure differen-
tial; a “valve closing piston operable in said chamber for
closing said valve opening; ‘an upwardly extended shaft
centrally positioned on said piston protruding from said
chamber above said valve opening; a downwardly ex-
tended shaft centrally positioned on said piston -and -de-
pendinig in said chantber, -said shafts adapted to main-
tain - the -piston centrally in the chamber during -opera-
tion; and a pressure responsive diaphragm positioned be-~
low said depending shaft and forming the bottom of
said -chamber .adapted- to contact said depending -shaft
-and -urge said piston to close the valve ‘when the ‘pressure
differential exceeds a fixed amount. :
~ 2.°A pressure valve for ventilating a ‘pressure suit -dur-
ing ‘high altitude flying which comprises a valve body
having a valve closing piston chamber therein; vent ‘holes
defined by said chamber for communicating the chamber
‘with the surrounding atmosphere; an orifice defined by
said chamber, said orifice communicating the interior of
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said suit with said chamber for maintaining a constant
flow of air from the suit to the surrcunding atmosphere
when the valve is in open josition; valve closing piston
means positioned in said chamber operable to seal said
vent holes; and a pressure responsive diaphragm form-
ing the bottem of said chamber adapted to urge said
valve closing piston means intc closed position when the
pressure differential between the chamber and said suit
exceeds a fixed amount, said pressure within the “suif
retaining the valve closing means in closed position.

3. The ventilated pressure suit of claim 1 in which said
valve closing means has an exiension thereon projecting
outside said chamber into the surrounding atmosphere
for manually inserting said piston to open position when
the differential pressure is below a fixed amount.

4. A ventilated pressure suit for high-altitude fiving
which comprises a pressurized suit adapted to enclose
the body, means for maintaining a substantially fized
pressure in said suit above the pressure of the surround-
ing atmosphere, a differential pressure valve positicned
in said suit, said valve having means to urge and main-
tain it in open position below a fixed pressure differential,
an orifice for maintaining a constant flow of air from
said suit through the valve when in open position, and
diaphragm means operable by the pressure within said
suit to urge said valve to a closed position when the fixed
differential pressure between the suit and the surround-
ing atmosphere is exceeded, said valve retained in closed
position by the pressure within the suit.

5. The ventilated pressure suit of claim 4 in which
means is provided to urge manually said valve out of
closed position to bleed air above a fixed differential
pressure and to return valve io open position below a
fixed differential pressure.

6. The ventilated pressure suit of claim ‘4 in which
means is provided for sealing said valve in said suit.

7. A ventilated pressure suit for high-altitude flying
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which comprises a pressurized suit’ adapted to enclose
the body, means for maintaining a substantially fized
pressure in said suit above the pressure of the surround-
ing atmosphere, a differential pressure valve positioned
in said suit, said valve having biasing means to maintain
it in open position below a fixed pressure differential, an

.orifice for maintaining a constant flow of air from said

suit through the valve when in open position, and means
operable by the pressure within said suit to seat said valve
when a fixed pressure differential between the suit and
the surrounding atmosphere is exceeded, said valve re-
tained in seated position by the pressure within the suit.

8. A ventilated pressure suit for high-altitude flying -
which comprises a pressurized suit adapted to enclose
the body, means for maintaining a substantially fixed
pressure in said suit above the pressure of the surround-
ing atmosphere, a differential pressure valve positioned
in said suit, said valve having spring means to maintain
it in open position below a fixed pressure differential, an
orifice for maintaining a constant flew of air from said
suit through the valve when in open position, and means
operable by the pressure within said suit to seat said
valve when a fixed pressure differential between the suit
and the surrounding atmosphere is exceeded, said valve
retained in seated position by the pressure within the suit.
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