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This invention relates to aviation suits for high altitudes
and more particularly to aviation suits which are inflatable
to withstand internal air pressure, and which may be
provided with a comfort unit built directly into the suit
itself, or being carried along as an accessory.

In the last decade aviation has progressed at great pace.
While only ten years ago flying speeds of two to four
hundred m.p.h., and altitudes of twenty thousand feet were
considered acrobatic feats, present supersonic speeds, and
altitudes of eighty thousand feet and even more are not
only possible but are harbingers of greater things to come.
In addition to speed and altitude, duration of flying time
has increased considerably. While only two years ago jet
pilots were not required to fly more than three hours at
the mest, now longer flights are required of them with the
end result that the pilot may remain imprisoned in the
craft from five to ten hours, and possibly for many more
hours in the future.

The air at high altitudes is rarified and its pressure is
low. For comfort, if possible, the pilot must breath air
at atmospheric pressure with a somewhat higher oxygen
content (also some other gases such as helium). In the
past pilots were required to wear a conventional aviation
suit that could be zipped over the pilot’s- uniform in a
minute or two; the plane’s cabin was of Course pres-
surized. Tests have shown that in place of a conventional
aviation suit (of the old <design) it is more efficient and
safer to permit the aviator to wear a pressurized, one piece
air tight suit, dispensing entirely with the features of the
pressurized cabin, if possible. Such a one piece air tight
suit is further desirable to permit the pilot to bail out at
higher altitudes from a cabin that is not pressurized.
These requirements (for an aviation suit containing its
own supply of air at atmospheric pressure) necessitates
the redesign of the conventional aviation suit and the
development of a pressurized one piece suit of high effi-
ciency. The latter must be provided with an air-tight
helmet, which the aviator may don independently of the
aviation suit. Further, because of iower pressures at high
altitudes, it is desirable to make the suit of double lining
and to introduce pressurized air between the two linings.
This feature has the advantage of providing a siatic force

(pressure) over the pilot’s entire body which if not so

supported may tend to inflate in the lower pressures of
higher altitudes. Circulating the pressurized air through
the inside of the suit prevents the pilot from overheating
(due to greater temperatures developed by air friction at
higher altitudes at supersonic speeds).

The requirements of ever greater speeds and higher
altitudes have, of course, brought along with them greater
demands upon the flying personnel and the aviation engi-
neer alike (the laitter has to cope with the problem of
designing equipment to meet the aviator’s needs) and the
greater time element has developed additional design
problems in its wake which must be solved before even
greater speeds, altitudes and longer flying time are at all
possible.  Greater speeds, higher altitudes and longer
flying time need better aviation garments and suits for
the pilot, who must be made to feel comfortable if for
nothing else but the psychclogical effect produced on him
at high altitudes and the force of gravity. While in the
past, the pilot was required to wear garments which he
was able to put on and zip fast unassisted, and which he
could shed by simply zipping them off, now the pilot is
required to wear a garment or a suit which may be pres-
sarized for higher aliitudes and which as a consequence
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thereof is made air-tight and is hard to put on or to take
off unassisted. This pressurized, one piece-feature while
it has some advantages has also a number of disadvan-
tages. When the pilot felt the need for physical com-
fort (to urinate or to defecate) in the past-he was able
to zip the lower portion of his conventional suit open;
and to insert a gatherer into which he was able to urinate
(no provision for defecation was provided). The pilot
cannot do so in the new inflatable suit (it is made of one
piece without a zipper). In flights of many hours, the
pilot may feel very uncomfortable if no provision is made
to permit him to urinate and defecate; especially so when
the pilot is forced to fly many hours over enemy territory.

While pressurized suits have been in use for quite some
time, they have not been improved to the point to prevent
them from bursting at higher altitudes (over eighty thou-
sand feet and possibly one hundred and -fifty thcusand
feet high and in cuter space). For the sake of flexibility
suits are made of rubber, cloth or a rubber-like fabric
reinforced here and there, over the limbs and the arms
with reinforcing rings. Such suits have limited value be-

cause at higher altitudes, where the air is extremely rare

(possibly haif a pound per square inch and less) the suit
because of the internal pressure and the near vacuum on
the outside, may dangerously inflate and then burst.  Also,
because of the internal pressure, the extremities of the
suit (hands and legs) may be hard to flex; the pres-
sure inside the suit keeping the material of the arms and
the legs taut and inflexible (like in a saucer balloon)
necessitating outside assistance to move,

We are now entering an era when even higher altltudes
and greater speeds will be possible, with the pilot being
required to remain aloft for extended periods of time.—
Also, in rocket ships moving at speeds of two to three
thousand - miles per hour (or even more), the pilot’s
physical requirements -and his natural comforts must be
taken under consideration.. Before it is too late, it is
necessary to plan now ahead of time for improvements
in aviation garments and suits which not only may be
safe, but also may provide greater comforts. Interstellar
navigation (a thing of the very near future) too needs
better pilot suits. Such suits may not only be made in
one piece, but in a capsule form; a suit made entirely out
of steel, aluminum, plastic or all three materials com-~
bined. Into such a suii the pilot may be hermetically
sealed to operate the various control instruments in the
craft electrically or by remote control from the inside of -
the capsule suit.

Therefore, the main objects of this invention are im-
provements in the preseni-day aviation suit to remove
some of the above enumerated disadvantages and to pro-
vide greater safety, greater flexibility and more comfort
for the aviator wearing the improved suit.

Objects

A good high altitude aviation suit must fulfill the fol-
lowing requiremenis: 1, it must be air-tight; 2, it must
withstand high internal pressure of one atmosphere (@ 15
1bs. p.s.i.) or more without inflating or bursting; 3, it must
be fitted snugly to an air-tight helmet; 4, it must be
equipped with an intake and an exhaust for the breathing
air conveniently located in the suit; 5, it must be pro-
vided with a device to discharge the products of the pilot’s
physical elimination; 6, it must have motive means to help
the flexing of the limbs and the arms in the suit; and last
if not least 7th, the suit must be easy to manipulate in
vacuum. All the above enumerated seven requirements
must be met in a high altitude aviation suit. While each
requirement by itself may be a separate problem, and may
be resolved separately, all seven requirements together
make for an efficient suit. While each requirement may
be an independent invention, all seven must be combined
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into one to provide an efficient suit of the type disclosed in
- this application.

.One ob]ect of . this invention is to provide an all en-
closed air-tight,  flexible aviation suit made of rubber,
cloth, plastic and metal and reinforced especially to with-
stand and to prevent the suit from bursiing because of the
pressure in the suit (air pressure).

Another object of this invention is to provide a high

- altitude aviation suit including a defecation comfort cab-
inet or seat which.may be an integral part of the aviation
suit or an accessory thereto.

An additional object of this invention is to provide hy-
draulic, mechanical or electrical means to help moving
and flexing the extremities of the suit, the limbs and the

. arms.

A further ob;ect of this invention is to provide a cap-
sule-type suit in which the aviator is hermetically enclosed
or sealed and piping connections to the defecation relief
_seat in the suit.

A still another-object of this invention is to provide a
high pressure suit made of sep:u‘atn sections; a torso sec-
tion, two arm sections, two leg sections, a helmet and sep-
arate sections to encage the hand and the fingers. All
separate sections are mounted together to form the suit.

Further -and additional cobjects will be seen as the de-

scription of this specification will proceed.

Referring to the figures:

FIG. 1 shows the pilot in the plane’s cabin wearing
the inflatable suit embodied in ‘ths present invention. A
comfort seat is shown in section with the various dis-
charge connections leading ther eto and the manually op-
erated valves to operate same.

FIG. 2 is a section taken on the line 2-—2 of FIG. 1,
showing further details of the inflatable suit in the present
invention mcludmg the  comfort cabinet or unit.

FIG. 3 is a section through one of the limb portions in

" the suit taken on the line 3—3 of FIG. 1, showing the
manner in which stiffening. material is applied in the
lining, in the leg and the arm portions of the inflatable
suit.

FIG. 41isa pamal section through a portion of the suit
taken on the line 4—4 of FIG. 1, showing the manner

in .which stiffening is applied to the fabric of the suit to’

prevent the suit from inflating and bursting.

FIG. 5 shows the manner of operating the various ex-
tremities of the flexible suit from an outside source; me-
chanical, electrical or hydraulic.

FIG. 6 shows the manner in which the high pressure
suit is being worn and the relative position of the various
séparate sections and the servo motors which are being
utilized to help move the extremities of the suit by remote
control. .

FIG. 7 shows the aviator wearing the suit in seating
position.

FIG. 8isa secnon on the line 8—8 in one of the arm
links in FIG. 6, showing the manner in which a servo
motor is mounted in the suit,

FIG. 9 is a wvertical sectional view through the dis-
charge valve shown in FIGS. 1 and 2, indicating the posi-
tion of the discharge canal in the valve and the electric
control switch to vary the force of suction.

FIG. 10 is a section taken on the line 11-—11 of FIG. 9.

FIG. 11 is a top elevational view of FIG. 9.

FIG. 12 shows the manner in which the automatic
valve is kept open with the tube secured to the discharge
end of the comfort unit in the suit. )

FIG. 13.is a section through the discharge tube show-
ing two -discharge valves, one manually operated and
the other automatically operated.

FIG. 14 is a modification of the discharge dish shown
in FIG. 1, with a membrane valve intented to keep
the discharge opening closed when:the unit is not being
used.

FIG. 15 is a section on the line 16—16 of FIG. 14.

10

15

20

30

a

3

Detailed Description

Referring more particulazly to FIG. 1, numeral 36 in-
dicates the cabin of a conventional propeller driven aero-
plane, jet plane or a bomber with its retractable hood
31, the plane’s fuselage 32 and the cabin’s floor panel
'33. The jettisoned seat 34 is mounted directly over the
floor panel 33 with its jettisoning mechanism (not shown)
ready to eject the aviator if it is necessary to bail out.
The aviator, in the high pressure infiatable suit 35 may
be seated upon the cushioned seat 36 held to the support-
ing frame of the stool 37.

More particularly referring to the comfort seat con-
tained in the aviator’s suit, a discharge valve 38, with a
connecting coupling 39 and a handle 48 to operate the
valve stem 41, is mounted upon the floor 33 directly. be-
sides the -aviator’s stool 37. With the piping 42 con-
nected by means of its connecting coupling 42 to the other
side of the valve 38, this completes the assembly of the
discharge valve 38. Its operation will be described in
greater detail hereinafter. .- Right above -the discharge
valve 38 ‘and besides the aviator’s stool 37, there.is
mounted a secondary valve 44 which is independently op-
erated by means of the handle 45. The valve 44 is con-
nected to a container or a bottle containing a disinfecting
fluid or water (not shown). The valve 44 is by means of
the piping 46 and its connecting pipe 47 connected to the
water of chemical source above described.

From FIG. 1, it may be seen that the discharge valve
38 is connecied by means of the flexible pipe or tube 48
and its connecting flange 39 directly to the lower portion
38; of the aviation suit 35, while the opposite end thereof
leads to and is secured to the defecation dish 5%, or the

" discharge well of the comfort or defecation unit §1. The
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flexible pipe 48 is connected by means of the collection
dish 52 and its reinforced lip 53 to the dish 58 which
is built into one end of the collection dish 52. At the
other end the dish 52 by means of the reinforced lip 54
is connected to the dish 53. The dish 5% has a rein-
forced lip 55 which is mounted and held within the
flexible rubber-like material forming the bady of the
defecation seat 56. Referring to the supply valve 44,
which serves to supply the seat with a disinfectant, it
includes a machined surface 44a to permit mounting a
secondary flexible pipe connection 57. This task is ac-
complished by means of the manually operated flange
connector §8. The other end 59 of the flexible pipe 57,
by means of the secondary flange is connected to the dish
50. ‘The operation of both valves will be described here-
inafter.

The cushioned seat 36 may be provided with a grooved
in portion 36g into which the defecation comfort seat,
with jts defecation seat 59, may be fitted for conven-
ience. FIG. 2, which is a section on the line 2—2 of
FiG. 1, indicates at some greater detail the manner in
which the aviator is seated on the stool 37, in relation
to the various pipe connections leading from and to the
valves 38 and 44 respectively leading to the defecation
seat in the aviation suit 35.

To withstand the internal air pressure, the suit may
be additionally reinforced to prevent bursting. Such an
arrangement is illustrated in the fragmentary views
shown in FIGS. 3 and 4." FIG. 3 is a section taken on
the line 3—3 of FIG. 1, showing a posmble reinforced
construction in one of the flexible links in the suit. In
this ‘case the outer lining 74 is reinforced by means of
the reinforced fabric 98 formed of alternate strands of
wire mesh (metallic or plastlc), the wires in the mesh
running on a bias, or oblique. ‘The suit may preferably
contain a middle lining 91, mounted between the inner
and outer linings in the suit. A number of ring-shaped
members 93 may serve the purpose of connecting to-
gether and reinforcing the arm and limb sections of the
suit.

From FIGS. 3 and 4 it may be seen that the various
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linings and their sections of reinforced fabric are fitted
within grooves 94 which are formed circumferentially
and around the lower and upper portions of the ring-
shaped menibers. These grooves are sufficiently deep to
receive the outer margins of the varicus sections. The
walls of the grooves at assembly are subjected to high
pressure to press the margins of the linings in the grooves
in a tight fit, thus providing a permanent air-tight and
water-tight fit which will not give under pressure. The
three linings and their reinforcing fabric, while providing
a measure of rigidity to the suit and resistance against
bursting, notwithstanding retain the necessary flexibility
to permit the aviator to move about freely and to flex
the arms and the limbs. FiG. 4 is a section on the line
4—4 of FIG. 1, showing the construction of the suit in
the torso section thereof. In this case, as in the case of
the arms and limbs, the torso section may be similarly
constructed of three separate linings: the outer lining,
the inmer lining and the middle lining with reinforcing
mesh wire mounted between the outer and the middie
lining. When pressure is applied (between the inner and
the middie lining) the inner lining (contacting the avia-
tor’s body) will provide an evenly distributed pressure
over his entire body. This pressure will represent the
difference between atmospheric pressure and the near
vacuum in ths cabin. The wire mesh (mounted between
the outer and the middle lining) will support the middle
lining and prevent expansion of the fabric. In this
fashion the pilot is not subjected to the danger of low
pressure at high altitudes and the inherent flexibility of
the wire mesh permits the free movement of the pilot
in the suit.

FiG. 5 shows the manmner in which the arms and the
limbs of the inflatable suit may be moved by means of
a motive source provided from the outside of the suit.
In the main this may be accomplished by a worm gear
secured to one section of one of the links in the suit,
and a worm operated by a shafi driven by an electric
motor. The motor in question is housed within the
mounting which is secured to a section on the inflatable
suit. By means of wires connecting the motor to a power
source (located in the suit or in the cabin of the plane)
the motor may be driven. A switch is turned on and
off by the aviator at will to start or to stop the operation
of the motor. Such a switch may be incorporated near
the pilot’s hand and may be operated by his hand, or
separate swiiches may be provided to be operated by
touck control. In this manner at the will of the operator
the arm and leg sections of the suit may be moved. The
same resulis may be accomplished by hydraulic means.
‘While it is not necessary to provide such external motive
force to cperate the extremities of the suit in aeroplanes
traveling at low altitudes, with planes reaching higher
altitedes (and especially in rocket vehicles) when the
outside pressure is very low, mechanical force must be
available to flex the extremities against the resistance
offered by atmospheric air in the suit which will tend
to keep the extremities in the suit taut.

Referring more particularly to FIG. 6, it shows the
manner in which, electrically operated servo motors may
be mounted to the suit, and the manner in which the
extremities may be moved against the pressure (atmos-
pheric pressure) in the snit. In the suit, each arm is
provided with two servo motors, the legs with cne each.
Dotted lines indicate the portable battery to provide
current for the motors.

FIG. 7 shows the aviator wearing the suit in seated
position, while FIG, 8 is a section on the line 8—8 in
FIG. 6 indicating the manner in which a servo motor is
mounted, showing the worm and the worm gear. FIG.
8 reads on FIG. 5, which shows diagrammatically the
manuer in which the servo motor, by means of a worm
operates the worm gear. The servo motor is secured to
one of the ring-shaped members 93, mounted to the arm
section 74.
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FIGS. 9, 10 and 11 show the general construction of
‘the discharge valve 38. In the main the valve .38 con-
sists of a casting or a forging 38a fitted with a threaded
coupling 29. The flange 49 threads into the coupling
3% to support a flexible discharge pipe 48. The valve
38 is equipped with an upright stem 41 which is provided
with a plug 94a holding a shaft 954. The shaft 95 has
a coarse thread fitted into the upright 94 in the valve.
At its lower end shaft 95 has a valve member 96 which
is free to slide within the valve ways 97 in the casting
38a, when the shaft 95 is turned.. The plate valve mem-
ber 96 is moved by means of the shaft 95 to open the
valve 38. The shaft 95 is rotated by means of the manu-
ally operated handle 46. The products of elimination,
by means of the electric motor operating a vacuum
pump (not shown), are discharged from the canal 8 into
the valve 38, The regulation of suction produced by
the pump (not shown) is accomplished by means of the
electric switch (regulating switch, or a rheostat) 99
which is mounted besides the valve 38, at easy reach by
the pilot. The regulating switch 99 will automaticaily
regulate the suction, and may be operated to vary the
suction at will. :

In the main the electric regulating switch 89 consists
of a switch or the plunger 160 mounted to slide and to
move a switch arm' 181; the latter closing a switch con-
tact 193. The contact 103 is electrically comnected to
the plug 184, with a coil of wire forming the resistor
168, the latter being electrically commected to the plug
164 by the wire 186; the contact 183 and the wire 106
forming the plus and the minus end of the electric cir-
cuit. A wire 107 having a plug 108 leads from the elec-
tric circuit above described to the motor and the cur-
rent supply. When the pilot wishes to eliminate, he
opens the valve 38 and then presses on the plunger or
the switch 106 to start the motor (not shown) to op-
erate the vacuum pump (not shown). )

FIGS. 12 and 13 show a modification. In the event
the pilot needs to bail out at sea, the flexible discharge
pipe 48 may be provided with an automatic cut-off safety
valve 118, a manually operated safety valve 113, and an
auntomatic disengagement coupling 152. It may be seen
that the valve 110 is provided with a disk 110q which, by
means of the coil spring 113 is kept normally closed.
The disk 1194 is positioned in such a manner as by
means of the support 114 to permit the opening of the
valve. When the flexible pipe 48 is secured to the cou-
pling 39, the support 114 contacts the underside of the
handle which operates the disk 11¢e, thus allowing the
valve to remain open as long as the flexible discharge
pipe 48 is connected thereto. Should it be necessary
to bail out, the valve 110 will automatically disengage
itself (or brake off) at 135. This action will free the
coil spring 113 allowing it to close the valve. For addi-
tional safety, the pilot has at his disposa] a secondary
valve 111 which he may shut at will. The closing of the
valve 111 will prevent sea water from entering the sys-
tem should the pilot be forced to bail out at sea. In addi-
tion, the shutting of the valve 111 will prevent air from
inside the inflated suit to escape. The flexible pipe 48,
by means of the connector 112, is permitted a certain

- amount of side motion, as connector 112 acts in the man-
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ner of a swivel joint. When the pilot bails out, the con-
nector 112 disengages from the valve stem 119.

FIG. 14 shows a membrane valve 116 mounted in
the discharge well 56. The membrane has a reinforced
lip 137 and a discharge 118. The lip 127 is under the
influence of vacuum on one side and atmospheric pres-
sure on the other. When the pilot needs to eliminate
the lip 117 will open to discharge into the pipe 48. The
membrane 116 keeps the discharge opening normally
closed, preventing the entry of sea water into the sys-
tem and the leaking of pressure air from the suit.

While I have shown and described several applications



-of my. invention, I do not wish to limit myself to the
features ‘and the operation of my device, but wish to
cover.all possible designs and mgdifications thereof, being
-only limited by the scope of the appended claims.

What 1 claim is:

1. In a high altitude inflatable aviation suit made of
flexible material to withstand internal pressures and to
.Hex freely, said suit including several separate sections
joined to flex together comprising a neck section with an
-~ air-tight helmet, a torso section joined to the neck sec-
" tion, two-arm sections joined to either side of the torso
~section, and two limb sections joined. in the lower end
of said torso section; said arm and limb sections made
of separaie flexible portions each joined to the other sec-

tions to. flex freely, and motive means to move said sepa-.

rate arm: and limb sections against the restraining force
produced by the air-pressure inside the suit, and means
to regulate said motive means to flex freely said sectioms
and at the will of the aviator wearing the suit. .

2. In a high altitude inflatable aviation suit made of
flexible material to withstand internal pressure and to
flex freely having three separate lining layers, an outer
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layer, an inner layer and a middle layer interposed be- -

tween the first two, said suit including several separate
sections. joined to flex together comprising a neck sec-

25

tion with an air-tight helmet, a torso section joined to

the neck section, two arm sections.joined on either side
of the torso .section, and two limb sections joined in the
lower ‘end of said torso section; reinforcement placed
between the outer and the middle layers of lining in
each -and all the various sections of said suit, said rein-
" forcement comprising a wire mesh means cut on the
bias; said arm and limb sections made of separate flexic
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ble portions each joined to the other sections by solid
ring-shaped members to which the three layers of lining

including the reinforcement may be fastened to, and

motive means to move said separate arm and limb sec-
tions against the restraining force produced by the air
pressure inside the suit, and means {o regulate said motive
means to flex freely said sections and at the will of the
aviator wearing said suit.

3. The same as in claim 1; and said motive means in-
cluding an - electric motor means, a switch in said suit
located adjacent the aviator’s hand to be operated by
the aviator’s fingers, the operation upon said switch con-
necting and disconnecting said electric motor from an
electric current source.
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